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Diren- 11 Ni Kkast aOriearr akn éBrajzie KWaymgjeen Mi kr oo
Taraf énda Kull aném Durumlarénén Kn

Dr. ¥Jretim | vyésiArEkmiGPer DiThubear Teki n
ISivas Cumhuriyet | niversitesi

*Corresponding authoEmi ne Di n- er

¥zebti:ren- | i ni kastabapptéehk] éndarseyhdirinl magep, kol ond:
fermente edilen nikasta tg¢gregder Fermente edil mesinde
edi |l mektedir. Diren-1. niKasta)spareklmyy]mtjlekoblarrabu dak g @
kull anél makt adeéer Diren-1:i ni kastanén Bifidobacteriun
birlikte, literat¢rde patojen mikroorganri.z nWaglragrtésn edni rl
-aléekmada ¢l kemi zde icretilen tip 4 diren-1I ni kast a
incelenmiktir. Arakteéer mada, patojen mikroorgani zma ¢
ortameé t er c i d&ojene mikrdonganigmalardan ige Escherichia coli, Staphylococcus aureus,

Pseudomonas aeruginosa, Kl ebsiella pneumoniae ve Ent
kull anéel mekt ér . tal ekxkmada TSB ort ameéeenkdaarnt éd merkj iv ek ayyen
mi ktarda tip 4 diren-1I nikasta ilave edilerek modif
kaynaj é ekl enmeyen é-éhnhceyg bir gel i kim ortame daha
karkeéel akt #graélémenat 8ronunda tip 4 diren-1. nNi kastaneéen S
faecalis ke¢glterl eri tarafendan enerji kaynajé ol arak
gzl emlenmi ktir. ¢a|éKrmazslenq,cruemdeheelaﬂe’erEFlleni@II4e
mi kroorgani zmal ar ¢zerinde inhibisyo yaratteéejenée or
diren-1. ni kasta géda end¢strisinde tbdlrllanélabilir bi
Anahtar Kelimeler:Di r en - | i Ni kast a, Enerji Kaynaj e, Patojen Mil

The Investigation On the Utilization of Resistant Starch As a Source of Energy by Some Pathogenic
Microorganisms

Abstract: Resistant starch, a kind of starchat healthy individuals are unable to digest, is fermented by
microorganisms in the colon. Resistant starch is classified as a prebiotic component because of its fermentation
process. Resistant starch has several uses in the food the industry, funationjugt as a prebiotic component

but also as a fiber source. While it is widely acknowledged that Bifidobacterium and Lactobacillus species utilize
resistant starch, there is a limitation of data in the literature about the utilization of resistant bjapetthogenic
microorganisms. This study investigated the impact of in our country manufactured type 4 resistant starch on the
growth of pathogenic microorganisms. The research utilized Tryptic Soy Broth (TSB) medium, a commonly
employed medium for cultiting pathogenic microorganisms. The indicator microorganisms used in the study
were Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, and
Enterococcus faecalis. The investigation involved the removal of glucose,sghiels as an energy source, from

the TSB medium. To replace it, a modified growth medium was created by adding an equivalent quantity of type 4
resistant starch. Furthermore, a third experimental condition devoid of any additional energy source was
estabished, and the proliferation of pathogens was evaluated across these three conditions. Upon concluding the
investigation, it was noted that type 4 resistant starch was not metabolized as an energy source by cultures of S.
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aureus, P. aeruginosa, K. pneumaaj and E. faecalis. However, it was found to be metabolized by E. coli. The
study's findings indicates that type 4 resistant starch manufactured in our country has the ability to inhibit
pathogenic microorganisms. In this context, the type 4 resistarthsthat is manufactured inside our country

has great promise as a viable component within the food industry.

Keywords:Resistant Starch, Energy Source, Pathogenic Microorganism, Prebiotic
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Girik
Diren-11i
ve nikast
kol onda f
yapmakt ad
h¢crese
nkast a, e
edil en, kri st
adl rél maktadéer . Bu di ragn-nllie kmiewsa s tvae tngrkgasdm
i |l ekmeye ujrayarak enzimlere karkeé diren-
e edilerek si ril emeyen -lipit komgeksaid & r . Ti
$l1lehe ngkast ade (2). Tip I diren-1i ni kK
'l erde; tip |1 diren-11 ni kasta y¢ksek ar
I diren-1:i ni kasta pi kmi @i rism-j)Jutwué mmes gEc
da bulunmaktadeéer. Tip IV diren-Ili nikast a
iren-1i ni kasta steari k asit kompleksli vy

€ bireylerin ince bajeér
pl améo ol arak tanémlan
&syomBui -nierdefhmemlkiol minn ks
ni kasta yapéséna g°re
sel ol arak tutulan ve e
eye diren- g°steren ve
I yapeée i -indeki ni kastader . Ti p

- Q
Q

=~
.

ndi
r

- ® TTun o

O —>S <™ —® 53>

~ o !

- o T X O
Q

& T T T X T QT

gédd kasdastrisinde -exitli ama-1larl a kul
in gevreklijini arttérma, hamur reol ojik
gev iji artteérma, fonksligoalksebilieklein gt amla&r
tutma Kkapasitesi sajl ama gi bi ol umlu etkiler S &
hastalaré i-in ¢retilen ¢reé¢nlerde, d¢kek kar bonl
ekmek, kekvkk ahval t el ék gevrekl er, ferenl anméek ¢reéenl e
makarna ¢reéenl eri ve diyabet hastalaré i-in ¢ret
sajl ek czerine etkileri i sakl em Kirjoibndyeot ds g BEN |
probiyotik bakterilerin gelikimini -to#lleksv¢é endrjl e mesi ,
met abolizmasé ¢zerinde olumlu etkilerinin olduju

&g " o3

,_.
- S5O
—, -

Diren-11 nNi Kkastaneén Imertiarbion i armaaya&k i - @K arbml lumeestik i b
fermente ol maséyla bakl amaktadér . Diren-11i ni K
bulunan yararl é& bakteriler taraféndan fer mant as)
czerkésa zincirli yaj asitlerinin (SCFA) ¢retimii
teketiminin, mi krobi yotada probiyotik mikroorga
Lactobacillus t¢rleri at ariafcémdan yfagr merittd eegdinlee rc
i krobiyal gruplarén gel i ki mini olumlu y°nde et
l onda fermentasyona ujrayarak bajérsak mikrobi
ervi challeayé prebiyotik bir bileken ol arak potar
biyotik bir bil ekxen ol arak kabul edil ebil mes
esi gerekmektedir. Litefjamgdredeay®ij eal am kr abdE
en- 1| i ni kasta kullanéména dair veriler séneéer|l
roorgani zmal ar taraféendan kullanéelabilirlifji
ékmadae ¢FkRemied tip IV diren-1. ni kastanén p
i s i ncelenmek amaceéeyl a y¢r et ol megkt gr .

Ger e - ve Y°ntem

Tip 'V diren-1:i ni kastanén in vitro kokull arda
beliremekamac éyl a enerji kaynajé ol arak glukoz yerine
Soy Broth (TSB) ortamé hazérl anméxkter. Besiyeri
glukoz -éekartelarak dijer Itmim,bialrdeardlaenr tti @k |ItVe l
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g/ L ol acak kekilde ortama ekl emiktir. Ek zamanl é
kaynajé i-ermeyen TSB ortamé da hazérl anmék ve
kul |l anéelwmeelk@&ktmada pat o] e rEscmerickia aloStaghylococzumaurews! ar a k
Pseudomonas aeruginggsdlebsiella pneumoniaee Enterococcus faecalisndi kat °r mi kr oor
ol arak kull anél méxteér .
¢tal exmada kull anél an t|;BlIIVmsdellre\nellTelnlelas a
(T BKTAK) Mar mara Araxkxtérma Merkezi tarafénd n g
brenl er i Nakliyat Otomotiv Kthalat Khracat Sanay
°ncesi itiep-1V dikasta Demirpolat Taréem |Jr¢gnloeri
Ticaret Limited kirketiodonden (Konya) temin edilr
%86, 36 oranénda diren-11 ni kast a, %13, 14 oranénd
¢tal ekmada safl ék kontrol¢ yapeélan patojen miKkr oc¢
Analizler i-in test edilecek mikroorgani zmal ar é&n
da ek zamanl é& ol arakk%lteotapérda2dkeahamasyapéli me
tutul muktur . Knk¢basyon bitiminde, her bir tg¢pt
i -eri si0t*de alej énda 10 kat seri dil¢syonlar hazér
daha °nceden hazérl anmék Plate Count Agar (PCA, |
Petriler 24 saat 37 AC de ink¢be edildikten sonr
ve enerji kaynajé i-eshgK@QBBmlobat akmdhksaphabhmékt 8¢
par al el ol arak ger-eklextirilmik olup, sonu-1ar
hesapl anmpn3a0s0é nadraa s320 kol oni sayémé yapéelan tgmetrile
yararl anél mékteéer (11).
N=C/[Vx(nl1+0,1xn2)xd].
N = 1 mL de bulunan mi kroorgani zma sayése
C = Sayemé yapélan t¢gm petri kutul aréendaki kol on
V = Sayémé yapéelan petri kutularéna mL cinsinden
nl = Kldke ns gyarpeelltain sayémlarda sayém yapélan petri
n2 = Kkinci seyreltiden yapélan sayéemlarda sayén
d= Sayémén yapeéeldéejée ardéekek 2 seyreltiden daha
Bulgular
Yapélan -al &wolihbasboiuodeddijer t¢gm patojen bakter
ve hi - enerji kaynajée i-ermeyen ortamda yakI| akeé
ortamda ise -0k daha yojun bir ¢reméeEEmibgen- ekl
glukoz ve tip IV Diren-1li nikasta i-eren Ertamda
coidekéndaki mi kroorgani zmal ar i -in glukoz ve ti
mi ktarl aré bidBifEehdani gl ukoka&yashansla tigpP IV di
aeruginos@ n € % B faecdlid ive 9B8alreu®dekK. pneumonia@ni n i se %100 or an
az ¢redifjgi bellrlenmiKtir. Tabl o 106deinsikdenl o n i S
veril mi ktir. BKKOB/M: Géd/e iil e ekomu-alfark ¢zerinde (¢°¢
Tablol.Pat oj en Mi kroorgani zmal arén Farkl é& Enerji K

TSB-Glikoz TSB-Tip IV DN TSBEner j i Kayn

P.aeroginosa 6.10+ 121.16 89.1C¢
E. feacalis 2.10% 249.16 36,3. 16
S. aureus 57,1.16 178.16 112.10
E. coli 3.10 316.10 34.10

K. pnomoniae 6,54.101 169.16 20,2.10
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kekiPlatlo.j en Mi kroorgani zmal arén Farkl e Enerij.i K e
Karkél akt ér él mas é
Mi kroorganizmal arén farklé& enerji kaynaklarée i
15 112
—E'14
- 13
m
o 12
xll
o 10
- 9
-~ 8
o 7
1S
o 6
T 5
Gl i koz i-er e
lTip4DNi-e3r
2
Enerji Kayna,
i-ermeyen TSB
P. aeroginosa E. feacalis S. aureus E. coli K. pnomoniae
Gl i koz i -eren T4yB315125 12,30103 10,75663611 9,477121255 11,81557775
mTip 4 DN i - er e 000823837 8396199347 8,250420002 9,499687083  8,227886705
Enerji Kaynaj € 9949300007 e y7¢589906628 9,049218023  8,531478917  8,305351369
Tart & kma
Kompl eks karbonhidratlar i-erisinde sénéfl an
kapasitesine sahip yeni nesil fonksiyobeé si nl er ol ar ak Lkiatreréeanésgzrad e |
-al ékmal ar incelendijinde diren-1:1: nNi kKastaneé
taraféendan fermente edilerek eneqdp)) . k&Xynal el
bu -ad@kimse diren-1li nikastanén -exitli ©pato,
ol arak kull aném dauockmama-€l @ nkel leamémt alkaneé
creyen aerobi k mi kroorgani zmal ar éBesiygrigih i Ki mi
bilekiminde 17 g/ L kazein pkevwpbogll,Na@, 2.8g/LL soy
K2HPO4 bulunmaktader. Ol duk-a bes| e ykozx i bir
enerji kaynaj] é oMavakt k-udkmyema dnéhikg md€Iri. ni Ka
sonucunda ¢remenin devam etmekle birlikte vy
ni kastayé fermente ederek enerji cretemedi k
kaynajé i -ermeyen or ttipnvdéi rbeank-tleir i nigkealsitkai mi -
geli kKiminin benzer ol maseéihhiu veonuwckia ddhed taeg leln
-al ékmada benzer sonu-1I|ar el de edi |l mi ktir.
fermentasyonunun i ncel endi ] -al ékmada di
Faecalibacteriumy oJ unl uj unun azaldgij &t slapn amaelka ébi 1 :
[ 1 diren-11 rLactolzasiliusa yahtarun® l irantitpatdienile aktivitesi
incel enmi Kkt i r .P.d&adnesveakamheumgnieeni lal aomr gakiaz mal ar
diren-1i ami klaak e @ind/eed t e’kzoeeldliaijykalndk oy mukt ur (
arkadaxkl arénén y¢regtte] e -al exkmada i se | ot us
vitro ortamda fermentasyonu incelenmicktir. ¢

di remattoj eresbay¢mngel |l eyebil ecek vV e probi yc
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edebilecek potansiyel sahi p ol duju bildirilmicktir (18).
ol arak méseér ni K as-2 andeonldaaynl é¢ roelta rl aekn pFoi tbaenr ssi o)

iste)rmeyen mi kroorganizmal arén byppméseenig®baske
(19, 20). Y¢regtelen bu -alékmadan el de edil e
gesterdiiji bul unmuxktur .

Sonu- ve ¥neriler |13
Di r en- |potansiyelpreesbtiay ot i k bdr kkiat éren gbkanmcakke - el
diren-1 ni kasta tiplerinin prebiyotik bile
tarafeéendan kull anél déj.@€mémekmal sohecmasiia @¢de

¢ kemi zde cretVideinr edi- 1 € n-el ki patojert @mikradnganizmalar
taraféendan y¢ksek orandaydekomemalt adét emBdi
cretilVeinr éempli ni kasta géda e nothralspptansiyelivaatd e Kk u |
etmektedir.
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Makale id= 6
S°zl ¢4 Sunum
ORCID ID: 000600029785543X |15
Bir Pn°matik Yapay Kasl & Agoni st Antagoni s

Araktéer macePrFoifl.iDer .AtUgkur Ari fojl u

ISakarya | niversitesi
¥zeRobot!l ar, géenegmegzde geni Kk bir yelpazede farkle tegr
bu robot bti¢grrildeirri nvdeeni nsan hareketl erini taklit et meyi
sajl ek, hi zmet , askeri, ejitim ve rehabilitasyon gib
(PYKO6Il ar) esnek yapél alraér,é& bvaes ébna-s éanl -t éanzdaal tké Ikd & éknédsaa | um
insan kaséna ol duk-a benzemektedir. Bu y¢zden i nsan
Knsanda ekl em hareketinin olukmasé agoBuskaahaandani bt
ve Kikerken dijeri wuzar ve daral ér. Literatg¢rde agoni
PYK ve bir yay ile agonist antagonist sistem kKurul aca
ortaménda PID (Proportional, Integral, Derivative) ko
kull anél an F£6280MRMRM PMEBsénén statik karakteristik de
sonucunda elde verilerdenyararh € | ar ak ejri uydurma y°ntemi ile Matl al

Anahtar Kelimeler:Pn° mat i k YapaAntKagqgniAgtonSisdt em, Ped Kontrol cy¢
20-200n RrRm

Poséetéeon Control of a Pneumat éys tAeam éWweétche a” é dMu s c |

Abstract: Robots today are designed for a wide range of different types and purposes. Humanoid robots are one
of these types of robots and are robots that aim to imitate human movements. These robots are used in many areas
such as industria healthcare, service, military, education and rehabilitation. Pneumatic artificial muscles
(PAMSs) are very similar to human muscles due to their flexible structure, swelling and shortening under pressure,
and lengthening and contracting when the presssireduced. Therefore, PAMs are often used to mimic human
muscle. Joint movement in humans occurs as a result of the work of aguapbnist muscles. While one of these
muscles contracts and swells, the other lengthens and narrows. In the literatuf@AMs are used for agonist
antagonist action. In this study, an agorasitagonist system will be established with a PAM and a spring, and
the position control of the joint will be made in real time with the PID controller in the Simulink environment. In
addition, the static characteristic equation of Festo's DMBSR200ON RMRM PAM used in the agoriantagonist

system will be found in Matlab environment by curve fitting method, using the data obtained as a result of the
experimental setup.

Keywords:Pneunatic Artificial Muscle, Agonisant agoni st System, Péd Co20troll er
200n RrmRm

1. GKRKKk

Yapay kas sistemleri, i nsan benzer.i hareketl eri
Bu sistemler, biomekanik benzerlikees ne k|l i k a-éséndan insan kasl ar é
¥zell i kle PYKO6I ar , hafi fl ik, géevenli k ve enerji
-ekmektedir. Bu -al ékmada, P Y-#néagoaist &teminsPiDaie i k Kk ar

kontrol ¢ ¢zerine yapélan deneysel -al ékmalarén s
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Pn°mati k yapay kaslaréen statik karakteristiiji, |
et mektedir. Bu karakteristi]jikmasttayen bistemkpkd
optimize edilmesi 1 -in °nemlidi r200NBMRM a{l 2« mianm ée
ger-eklexktirilen deney vyoluyl a, bu kasén statik
edilen sonu-haffarklapakokualsll aréa nasél davrandéj e
parametrelerin se-ilmesine yardémcé ol maktadér.

) . . . |16
Ayréca, yapay kas sistemlerinin agonist ve antag
yetene]isi tigmnmll o d &k i hareketin dojaséné daha ya
Literat¢grde agoni st antagonist sistem i-in genel
bir yay kull anél arak agoni stevenantiagegwsset kabkég
El de edilen bulgul ar, yapay kas teknolojisinin
hareketl eri ger -eklektirebilen roboti k si st eml e
sajl ayacaktér .

2. PN¥KWNTKK YAPAY KASLAR

Pn°mati k yapay kaslar, insan kaslaréné taklit et
tasarl|l anmék r oBbahan Ve Basdr, 200@tn®mlae¢ i &ki ryapay kasl ar,

Kekl indeki e lkaasptl iakn nm@akl zbeime ii-l ebokl ukt an ol ukur .

mal zeme geni kler ve kasél ma benzer| bir har eket
kuvvet.i de artar. Bu kekil de, haval bjasséne ékhaacélk
kuvveti ayarlanabilir.

PYKG6l arén piyasada °rge¢l ¢, pileli, ajlée, g°m¢gl ¢
ve Lefeber, 2002) . Son zamanl arda Festo PYKO6I ar e
Bu - aldcx maadsat o POWRPHA0200NERMRMNn kul | anél méexkt ér

2.1. DMSR20-200NRM-RM6 ni n ¥zel I i kl er i

Bu -al @ékmada Fest-B0-200MRMR M rkéunldlaasnn eEDIM®B&Pkt ér . Bu PYK
strokun mevcut boyu 200mmdédiyap&lkaahiRMaBukas- ( BB ] | ¢
5AC0AC sécakl eklaré arasénda -al éekabil mektedir

ol maktader . Bu kasa mevcut uzunlujunun %406¢, or ar
maksi mum késan maewd ktt auw Zu klagsjeunun %256 kada er
arasénda -al ékabilmektedir ve maksi mum 1500N ek

22PYKOGnén Statik Karakteristiiji

PYK6nén statik karakteristijiée vtearniélnelnar b a sPeYnKcoa a
ol mamasé ve histerezisinin olmasé bu kaslarén mo
denkl emlerinden yola -ékarak bir model oluxkturul
en yakén aonhamakyaarnmadkeénkk | em bul unmukt ur .

2.2.1. DMSP-200200NRM-RMé ni n stati k karakteristik deneyi

_‘
1 O

Hazérl anan deney d¢z-&ndjair iblaséh-bar asealdak IP¥KIOa é
Ol - ¢l m¢gKt g, Hazérl anan deney dDQMSR2O-20DN RMKRMK i | 106
PYK, i pli enkoder , basén- rege¢l ator ¢, basén- g°
kull anél mékt ér . Deney d¢zenejindeki PYK enkoder
karténa bajl anmeélkamas & nDdaa ns yh aLzaér luayngan devre i1l e
rege¢lat®regne g°nderi |l mi ktir. Her basén- dejeri |
kasél érken (basén- artterélerken) hemérde gevkKer (
el de edilen verilerin ortalamasé alénméktér. Ta
deney sonu-laré g°steril mektedir.
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k e K iDMSP20-200NRMRM&6 Nni n Stati k Karakteristik D

|17

Tablo 1.DMSP-200200NRMR M6 ni n ehewe&elveekken Boy Deji kKiminin

Gosterilmektedir.

Basén-(bar) Kasél ma durumGevkeme dur umu
ortalama boy ortalama boy (ortalama boy d
0 0 0
1 6.3333 12
2 24 30
3 35 39
4 41 44
5 45 46.3333
6 48 48
Tablodaki veriler kullanélarak Matl ab programénd
ejri uydur ma y°nt emi ile en sade ve deney sonu-
olarakb ul unmukt ur . Bu denklem kasélma ve gevkeme d
Denkl em 1-@0RP6ONBNEEN® PYKO6nén kasélma durumu i -in Ve
durumu i-in bulunan denklemler veNKIbmiakwvierillen B
temsil eder.

0n PCHTVPY P OHwWwEBT T8 VLY 1)

0N pXRLVYG pyYdCTH (B LT @)
Gevkeme durumunun denklem sonucunun, deneysel V €
tabl o, tablo 26de verilmixktir. Tabl odan g°r ¢l e
-eékmaméxkter Bu durumun bir -boakz éd ead &n id emleayb idl¢nzeekn
ka-ajé ol abil mesi, kau-ujun esneyebilen defor ma:
verilerin gevkeme veya kasél ma durumlaréndan ha
ol abilir. Gevdkeenneey sdeur uvneur ii -vien denkl em sonucu ar a
katalog dejer.i ve gevkeme dur umu i -in deneysel
bul unmuktur.
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Tablo 2.DMSP-200200NRMRM&é ni n Gevkeme Durumu K-in Katalo
Sonarénén Karkél akt éréel maseé.

Basén-(bar)  Katalog Deney Polinom

dej i ki mi ( mm) Sonucu Sonucu Denklemi Sonucu

0 0 0 -2.4542 |18
1 12 12 14.6487

2 32 30 28.1925

3 42 39 38.1771

4 48 44 44.6027

5 50 46.3333 47.4692

6 50 48 46.7765

3. AGONKST ANTAGONKST SKSTEMKN KONTROL |

Agoni st antagonist kaslar birbirine zét -al éxker.
Bu hareket sonucunda insanda kol ve bacakl ardak
(Vecut késéemlar e ar arseéekneataikni ay @&mtéanr malk tie-riéd ntarsiés)
kasél érken tersini yapmak i-in antagonisti ol an
PYKileagonistant agoni st sistemin kontrolg¢ ile ilgili |
kontrol yakl akémé Dbeni msenirken bazésénda model
amacéyla model den bajémséz kontrol yakl akéméneén
t e mel probl emi, belirl enen emddeloilmaya@&ldredzc aMod e
kull anan bazé -aléekmalar «kxunl arder:

Dinh ve arkadakl aré kayamnkiagokostr sl stkmi hakamn
i -in model bazl & -al ékma yapmékt érr.e Maedele kit-ei nP Y°k
var ol mayan sanal benzetmeler ile ¢- elaman il e

Arrese ve arkadaxkl|l aré hazérl adékl aré test d¢zene
test d¢zenejinadabdbi PYKanh@hulpi bivwcucsna farkI|l é& ajeéer
deji kken hézlarda sabit bir y¢ke tabi tutulan PY
sabit hézl & PYKoya farkl é& ajér | é&klederilelbenflemanar ak
oIUKturuImUK ve Pl D, Kayan ki p Kk o-rantaganistsistaginb i kor
pozisyon kontrol ¢n¢g yapméklardér (Arrese vd., 20

31. PI D Kontrol ©°r

PI'D terimi Kngil:@

zce fAPr oplo)r,t ifionearliov atoirvaends a(lt)¢, r ef
bak harflerinden ol u

Kmuktur (Adiyan, 2012). Bu p

Oransal denetleyici, sistemin hezeéené arttérér, a
denetleyici, 8 st e mi n s¢rekli hal hat aséne d¢zeltir an
denetl eyici, sistemin kararl él éjéené artteéerer, a K

PI'D parametrelerini ayar | amak dia-ni mhagpek a+ @k mahot
ZieglerNi c hol s, Loop tuning yazéleéemlare, Frekans ye
-1 ftioni mat emat i ksel ol arak modell emek zor ol duj
kull anél mékt ér .

32. Tek PMWAgooid-#Ant agoni st Sistemin PID ile Konum Kon

Bu -alékmada ama-1lanan agoni st antagoni st siste
kontrolc¢ kullanarak manuel ayarl ama y°ntemiyl e
ol arak yapmakteéer. kekil 2 ded@VSB26-2006NRMRM P¥Knyayj, i v er i
enkoder , basén- regel ator ¢, Nati onal l nstr umen
kull anél mékter .
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kekiTek2Pykoé-Aat Agoni st Sistemin Kontrolg¢ K-in |

|19

Simulink uygblamaméehda Py®Or kontr ol devresi kur ul |
ver il mi ktir. Devrede Analog input bloju enkoder
out put bl oju ise basén- rege¢l atoregnkedesn nghodj @g° n
referans konum grafifji -izilmiktir. PI'D bl oju il
ile referans konum ve analog input ile okunan ve
0-10V arasénda gverlielnmewkerii- ian- évyaar p-€em ol arak kul | a
konum ve enkoderden okunan konum grafijini karke
PI'D sinyalini ve konumu okumak i-in kullaneél méxt
kekiTle k3 .PYKO IAhtAggomiistt Sistemin PID Il e Konum
Programénda Hazérl anan Deney D¢zenej
) [ ]
" Display1
Group 1 Scape )
ni Dev1
i Bus >@ » PIDz) o—p{a01 USB-6341
| ij 4 samples/sec
Signal Builder PID Controller Analog Output
ni Dev1 ,I:I
USB-6341ai3
4 samples/sec
Gain Demux Display
Analog Input
PID parametrelerP z el | i k1l er i denheykek @darakKp=0.02¢5) Hix0®X ve Kd=0.005)
bul unmuktur . Ayrék zaman kondaolki yaepmi méeheee. b:
hesapl anméxkt eéer . Basén- reg¢latoreg saniNygudte bir
Shannon ¥r nekl enmer nTeeko reermei 'hnéez ég,° raen,al og sinyal dek
en az i kir ,kaytaen iwhghia0»pxa (t eori ye g°re °rnekl eme z
gerektiji g°r¢l mektedir. Yapélan deneyler ile op
kekil 406te enkoderden okunan d &jafikteki veriler anélize r ans a
edilerek y¢ksel me zamaneé, akeém ve s¢greklo Zzaman
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kekiRef 4rans Konuma G°re Enkoderden Okunan Kc

[ Figure 1 — %
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4. SONU¢ VE ¥NERKLER

PYKO6nén statik karakt er ibsutniukn die-nikn ednein ebyu |dusnzneanke jii

il e ama-|lanan PYKOya verilen basénca g°re kasta
ortaménda hem fminsearch komutu ile hem de cfto
Kekil de uacueanuggun ikinc dereceden polinom denklemi bulundu. Deney sonucu katalog
dejerleri ile karkeélakxtéereéeldeée ve ayné ol madéjeée g
ka-ajeée ol abil mesi|, kau-ujun esneyehillmars éd evfeo rPnYak:
sadece gevkeme durumu i -in karkeél aktéerma yapeéel ma
Tek PYKG®G1!a&n taaggoonniisstt sistemin kontrolg¢ yapeéel mak i
kull anélarak PI D kontrol il e MATLAB/ SI MOLFrNK O t
sajl anmak istendi. Deney d¢zeneji Kkurul du ve mo
bul undu. Farkl & dejerler creten bir referans ol
davranéké g°zlemlendi. Kat ahgmha® sBani gedendef el
gere¢l d¢eg. Akémén séeféra -ok yakéen ol duju ve maksi
s¢rekl i Zzaman hatasénén tamamen séfér ol madeéj e
malzemesininzanml a geni Kl emesi nden kaynakI|l éder .

¥zetl e, deney sonu-1laréna g¢g°r e-antapanidteistamekondbmaj € ms €
kontrol ¢nde basit ve etkildi bir -°z¢m ol duju g°r
bir y°nt &im®di kadasaglkl|l arénén deneysel y°ntemle bul
zamandan tasarruf ve sistem dinamijine en uygun
Zzeka tabanle sistemlerin kullanmg®& RYKE&lI agtémen
sajlayabilir.

5. SKMGELER VE KI SALTMALAR

MATLAB : Matrix Laboratary

PAM : Pneumatic artificial muscle

PID : Proportional, Integral, Derivative

PYK : Pn°mati k yapay kas
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Kd . T¢rev katsayése
Ke : Kntegr al katsayeéeseé
Kp :Oransak at sayése
P : Basén- [bar]
L . PYK6nén késalma miktaré [ mm] |21
6. TEKEKK] R
Bu -al ékma T¢rkiye Bilimsel ve Teknoloji k Araxkte
[ Hi be numarasé 122M619]
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4Feni |l benzoni tril Mol ek¢l ¢ngn Sol vat okr omi k

Araktérmaceée G¢l kK épProPDr.ivddigat &kl devént 8eder
Bitlis Eren | niversitesi

*Corresponding auAlhtognt &Gk, | ken Pirbuda

¥zexevé kristaller g°r¢nteéegleme teknolojisi bakta ol ma
-al ékmada bifenil karbonitril yapéséna sahip séveée kri
detayl & ol aim 4Fk@-fiennciellbeennnzioknti t-akh d gr brnaonl se kvyd ¢f IUWVr esans sp
polaritelere sahip 24 farkl é -0 z¢cC4 i -erisinde oda

absorbans ve floresans spektrhenmade ot eklgdharakar s
araktereéel de. 4F" " nin absorpsiyon spektrumlareéndan, ar
el ektroni-NN-g& prriglsegrive benzen hal kal arée afyadasehe&kir okot
geklier ve ek olarak elektronik absorbans spektrumund:
mol ek¢l l er arasée ye¢gk transferi olarak yorumlanabilir.
Bu -alékma®la¢gnénrzeget ki leetkmenkl eir-iinn lainmddrz -°z¢nme ener
kull anél mexkteér. 4F mol ek¢l ¢negn LSERG6iIin belirl enmesi

don°r parametreleri kull anél arak, el errakineeleridk ge-i kK me
4F séveée kristal mol ek¢l ¢n, di pol moment |l eri mol ek¢l e

kabul yézeyi ( SAS)wvoBrioas=a kppEe)n,e rHOMOa r(aHne j ¢ k(skek dol u ot
d¢kek bok ofrbiYoDaluhlwé&kifloh&si yon teori si kull anarak bu

Anaht ar 3€, Savatkklomizm, LSER, HOMO, LUMO.
Investigation of Solvatochromic and Electronic Properties ofhenylbenzonitrile Molecul®

Abstract: Liquid crystals are compounds that can bedisn different areas, especially display technoldgy.

this study, the electronic, photophysical and solvatochromic properties of the liquid crystal compound with the
biphenyl carbonitrile structure were investigated in dethil/-absorbance and fluoresnce spectra of 4F {4

phenyl benzonitrile) molecule is measured at room temperature in 24 different solvents with different polarities.

Both intra and intermolecular interactions is investigated by interpreting the electronic absorbance and
fluorescencespectra of 4F moleculdsr om t he absor pt-i*onelsgpetcrtammi coft rdaFnsi’t
from conjugation % nelagotmadnicc rtimagrssi t'i ons r-B=Nul ting
bridge and benzene rings, and additionally the kesd in the electronic absorbance spectrum can be interpreted

* The authors would like to thank Bitlis Eren University for supporting the BEBAP 2021.06

project.



- -
19" UBAK, 16 17 March 2024 Ankara (<
'UBAK "UBAK

as intermolecular electron transfer occurring between solute and solvent molecules. The solvent effect on the
electronic transition is discussed.

In this study, the linear solvation energglationship (LSER) method was used to analyze soebauote
interactions. To determine the LSERSs of the 4F molecule, dipolarity/polarizability, hydrogen bond acceptor and
donor parameters were examined by creating the LSER equation for the electrosiidramechanism.

The dipole moments, molecular electrostatic potential (MEP), atomic charges, solvent acceptance surface (SAE%
forbidden energy gap (Bvmo-Eromo= E) , (Higbddt@ccupied Molecular Orbitagnd LUMO (Lowest |
Unoccupied Molecular Orbdtl) shapes of the 4F liquid crystal molecule have been founded by using density
functional theory.

Keywords:LC, solvatochromism, HOMO, LUMO.

1. Girick

Seve kristaller; uzun -ubuksu yapédaki mol ek¢l | e
ol arak g%zl emlenebilen kimyasal maddel erdir. Sé
bel irli bir yondeK.isewa zktimi gl eermilrukbual @i zi | i kI
mekani k g¢- kullanélarak dejiktirilebilir. Mol ek
ol arak dekarédan bir el ektri k akémée iltemeuyar el
°zellijJine sahiptir. Bu °zelliklerine dayaneél ar a
yané séra televizyon, tel efon, tabl et bil gi saya
dokunmati k ekranae csmayl artdaemiCD kekr yer ikgal
Y¢ksek dipol mo ment | i bilexikler, séeve kristal f
uygul anan bir elektrik alanéenaopbikéilkekbanl agzrangt
bil ekenlDeod diyséyl a deneysel ol arak elektrik dipoa
yapélarée farkl é& olan Séveée kristal mol ek¢l erinin
nedenl e bu -alékmada solvatokr amletTraf-talveek € Canta s Ie
parametrel er.i spesi f -k zveen esnp eestikfiil ke kd Inthaeyra m i - °t zanc
solvatokromi k y26é]t.emBear cderkdilrek|[ tnl7 er sonucunda m
kaymal ar, °zellekietémekl|l @epalaretmberduruml ar &
deji kmesinden kaynakl anér ve -°9z¢c¢ polaritesin
stabilizasyonuna yol- %zamren Setnkui-l eod iamladpesifik- Mozl ¢ecke e,
etkilexkkiml er, dalga boyu, yojunluk ve absorpsiyo
olur. Dejikiklikler optik uyaréem alténdaki mol ek
analiz edilir [1726]. ¢° z &C¢gzmrnet ki | ek i-AbboaidTia f tK a nilKeAtT ) vV e Ca
parametrel eri kull anél ar ak - olkkilnue elri n-e®ezr¢ nrneeg r eerseyr
(LSER) ile belirlenebilir [1726]. ¢ al € Kk ma mé z € n bu akamaserdaemol e
et ki lrdmmiimlaenal i z et mek i-in LSER y°nt emi kul l anel
Deneysel y°nteml er genellikle molek¢l¢egn toplam
daj el éeml ar é hakkénda bil gi vermezl er . Sonu-ta
a-ékl amak mg mk ¢ n dejil dir. Bu nedenl e deneysel
hesapl amal ar kull anélarak incelenen molek¢l ¢neén
311G++(d, p) temel seti kullaneél ar ak abvwedendglL YP t e
sonu-1larla karkél akteérél mékter.

FIl oresans ve éxkéjén se-ici absorbansé gibi or gan
teknoloji alanlaréndaki arakteérmal arén dikkatini
opti k °zellikleri optoelektroni k uygul amal arda ¢
kristal mol ek¢gl l erinin ekék altéendaki, ker él ma i
mol ek¢l ¢n ¢zerine del gpl meepéersapl gkl Ki at Bsée t
parametredir. Seve kristal mol ek¢l erinin, el ekt
incelenmel idir. Ayr éca, mal zemel er i n anti kmiyka ppéo |
czell ikl eri kérél ma indisine bajlée olarak belirl
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B°yl ece bu -aléekmada 4F séveée kristallinin elek
yentemlerl e i ncel enoeerleekk,t rsoonlivka t°ozkerlol mikkl evrei ,o0 pttab a
di pol momentl eri yaré kuantum mekani ksel y°nteml
il e moleke¢ler elektrostati k potansiyeld (MEP) , a
ar al @&vo-BiombE£ @E) , HOMO (En y¢ksek dolu orbital) v
el ektroni k yapeée BesdatplGqmdg lpgdr éneitloe DET/t@ mel set.

2.Metot |24
2.1. Deneysel Materyal ve Metot

Kncel enen Seévie ykaklsakadk “ridbll eerka K al 6 . KBual 4l 8arnl éal nadné . - © z ¢
%99, 9 saflékta ve spedidoskdpifk r grtlapthmritHekiraa p e n &€ g
SiklohekzanDimetil Formamid (DMF), Dimetilsulfoksit (DMSOQO), Tetrahidwofin (THF), Metanol,

Aseton, Etil asetat, 1;Bioksan, rButil asetat, eKsilen, Dietil eter, Diklorometan (DCM), Toluen,

Benzen, KloroformAsedik asit,Asetonitril, Etanol, 1Butanol, 2Oktanol, Etilen glikol, Su)l cm

kal enl é@éj éna sahisp nkdwe&rit 2 rmegedkrlerii-ne el ekParkmmni k ab
Elmer Lambde35 UV-Vi s spektr of e/tOc0Omen méedal)e dRDO0Osécakl éj e

-%zeltilerin elektroni k e mibsbhs yFolno rsepseakntsr usnd eak tér oF
sagl ejénda °1 -¢l megkt ¢gr .

Ayr éca mol ek-¢llzéenrenmn etlkziglceek i ml er i ni analiz et mek
C°zsPzéenen etkidlTaki mver iCaKamlEemt par ametrel er i il
Taban durumda elektrik dipol omentleri BilotKk a ws ki , uyar él mék el ektrik

Kawski, LippertMataga, Bakhsiev ve Kawskthammavi al | et met ot |l ar é il e hes

2.2.Teorik Materyal ve Metot

tal eékmamézda incelenen molek¢Vapesai-BBaAnEpk& el er
t e mel set.i kull anel arak DFT/B3LYP teorisi il e t
karkél akt érel de. Bu hesaplamal arda Gausi anO9W ve
2.3.Kncelenen Mol ek¢l

Bu -al exmagdrauppoollaar ak nitril i -eren 4F mol ekg¢l ¢n
i ki benzen hal kaseéedeér Seveé kristallerde genel d
kull anél maséna karkén en ©°nieemlti goilba nluazruen, vke¢ -déikz
zinciridir. Yapélan Iliterate¢r -al ékmasénda benz
gé¢-1¢ absorbans ve floresans °zellik g°sterdif§ji

N= OH

k e k i4dfenilbenzonitril (45

3.BULGULAR

314Feni |l benzonitril (4F) Mol ek¢l ¢ Absorbsiyon ve
kekil 26de 4F molek¢l ¢negn farkl é -°9z¢ce¢ ortamlar
absorbans ve floresansspek u ml ar &€ g°r ¢l mektedir. Tabl o 16de 4F
spektruml arénda g°zl enen maksi mum dalga boyl ar é
kekiddmpR&r protik -°z¢c¢lerde 4F moleke¢l ¢ 1 -1 n at
bul unmukt wem. gRelkilld¢2&d gi bi, pol ar protik -°9z¢cy¢
nm dejerine dojru azal maktadeéer . Pol ar ol mayan

maksi mum dejer.i 280 nm ol arak Dbulundu. Rol ar ol
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dejerine dojru azal maktader Polar aprotik -°9z¢
dejeri 307 nm ol arak bulundu.
Bu -alékmada incelenen 4F sévé kristallerin yape
-iftindeh deliyié we oksijen ¢zerinde or*;akd anmanr
ge-i kKl er i g°zlenir. Ayr ca,geari wrheetrii k5@ lddiganceaon | d ¢
boyu aral é] éin‘d a4Z%0nem!| d &l ganbdyu gar aIKé]eémdagoﬁg en
Tablo 16de g°re¢ldegjeé¢ ¢zere -°9z¢igceéel erde genel ol
hal kal ar daki del ekoli zasyon, Séve kristal si ste
hal kal aré arasa&amdd&j akoejekgbsygonkd ge-i kK ~Y * ge
ifadeyle, 4 F mol ek ¢ | ¢ nbdrel 224297 hrne (5b3.17eV) or t ak |l an ma meé K el
-iftlerinidengedoilkalydyyie g& zareommati k hal ka arasénda
baja bajlé nY  * ge-ikine karkeéel ék gelir
1,0
15 .
1-Butanol n-Hekzan
i.i:E:ﬁgﬁlG"Km : A - Sil:or;kzan
] 1-Oktanol A a N - Kloroform
104 g W - —— - n-Heptan
§ \‘ é 0,54 :
0,54
00 0 200 oo 300 350
Dalga Boyu (nm) Dalga Boyu (nm)
1000
10 -
R 1-Biitanol
! ' : 800 - / - - - Etanol
i Lo _ Etilen Glikol
- e - I‘i),El\‘I,IDioksan = / 1'Ioeknta”‘;|u
HERE 0T Butil Asetat & 6004 /f\
w Asedik Asit =l j
2 05 i /\ Dietil Eter g \
: Etil Asetat 400 g N
[ 3 Kloroform I ' \
‘ 200 [ A
/AR
=S v e >\—“~—§ .
0,0 . 0 = ; . T~
300 350 300 400
Dalga Boyu (nm) Dalga Boyu (nm)
1000 . ——— 1.4-Dioksan 1000 4
A T
800 - ] N ;Z:’;x‘.\ Aaetat 800 4 Benzen
" o e - - - Klorobenzen
o A\~ ~ Fomaidenia @ i Siklohekzan
- 4004 w 400 ‘.": Toluen
200 4 200 - i
: P ‘ : oLz, . =S
300 350 400 450 300 350 400 450
Dalga Boyu (nm) Dalga Boyu (nm)
kekid4dlF x.éve kristalinin farkleée -°z¢c¢ ortaméndak
b) Pol ar ol mayan =-°z¢cel er, c) Pol ar aproti

ortaméndaki
Pol ar aprot

f | odr)e sPaonl sa rs pperkottriukmlo-&®ma@sycasnl e-r° z ¢ec)¢

ik

-0 zeecel o er
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Tablol.4 Fénin UV spektrumunda ve PL spektrumunda g°
(U) ve dapl(gnam)b ovyel afrréd)keachesjl earrlée r3i .( ¢ m

¢ zic¢ Ombs OpL1

n-Heptan 262 321

n-Hekzan 265 323 | 26

Siklohekzan 201 321

1,4-Dioksan 270 321

Benzen 290 327

Toluen 297 337

o-Ksilen 296 342

Dietileter 274 303

Kloroform 270 325

EtilAsetat 267 336

n- Butilasetat 270 332

Asedik asit 268 328

THF 280 323

DCM 269 334

1-Oktanol 270 300

1-Butanol 271 330

Etanol 269 328

Metanol 224 336

DMF 268 335

Asetonitril 238 326

Etilen glikol 270 334

DMSO 273 353

Su 270 338
4F6nin farkleée -9°9z¢iceéler i -erisinde floresans sp
emisyon® zel | i kl er i farkl e polaritelerde °1-¢1 mgkt
mol ek¢l Il erin absorbsiyon ve emisyon davranéke ¢
artan -°9z¢,c¢ polaritesinde blat@akrabms &kr karwysnabagfiadé
daha y¢ksek bir dejere dojru kayar. Bat okr omi k
uyar €l mék dur umuBnakbkiar bsiorn uicfua doel abliel ierl.ektroni k ge
i-i protiomi nrlinsfsonucu ol abilir. Pol arite artt:é
i -in fl oresa(nnm)s pveek técoehkuavneal iKlnreiek teinre.n - °z¢sc¢él erd
spektrumunda olukan band azdatki ( Kpnijlugasyomataink df
ge-i kK Y * ge-iKine WKa&Er DMS&K -@elsdicjsi¢c d9 2l ed rdiek teic
nm (3.51 eV) olarak °I -¢l mgkt gr .
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324F@f eni Il benzonitril)) Molek¢l ¢negn Sol vatokr omil
4dFabsorbans i -in KAT parafmetmelnereit kkllelkkamélearn ak n
KAT parametresi kull anél ar ak el de edil en kor el
goer ¢l megkt gr kekil 30de 4Feibulhunak!|iiatl $ aee@lram ey
el de edilen ve deneysel ol arak bulunan?=7f04)ekans]| :
4F i -1in, hi d U og aektronik pdlarizebditeffn)) ile Boeneysel(Cnm?) uyum i - efLj Si
ol duju g°r ¢l megktgr. Ancak af ® matei- k bk(hhail kraddjeer nd alm a
akseptor) v e dfi(eal)eakstérnidka khaetrshaaynégsié bi r korelasyo
denklemi[17-24];
3deneyse1_'C0+C1é- !0+C2é- ( & :)bHCEJ (1)
4F O6nin absorbans spektrumu i -in KAT p-Aljametr esi
3deneyse=45110.3138901.0(n)+4399.24 (-2244.54-380.60J
R=0.839; R=0.704; F=8.320; P=0.001, n=19

BuradaGmol ek ¢l ¢n gaz fazdaki so] urb&odmak Kiamsmydaijcen
ol duju i-in maksimum absorbans basn°dye|nedyaemmaltlorklrzor
dejerimdchemCbh¢ycéck ol masé incelenen "1T°* elektroni
kuvvetlerininf (, Wigpersiyop ol ar i zasyofmd kiam kkatk®samdan fazl a
bCbhbé¢endbb&en f azelnae ko lomabsaemedny lpmama i st ejinin, y a
ol dujunu g°stermicktir. Orbitaller araseéndaki en
ger -eklekirken) azal ér ken, negatif sol vatteskr omi z
absorbans spektrumunda 4F mol ek¢l ¢nde batokromi k
farkéenén azaldejeée s°ylenebilir

kekidlFO.in maksi mum absorbans ge-ik frekanseéna k:
Dijer birksometatoksemiCat al 8n parametrel eri kul | 8

3deneyseI=C5+CGSP+C7Sd P-CsSA+CSB (2)



J J
(19" UBAK, 16 17March 2024 Ankara [~

UBAK UBAK
1.5 15 1
R*=0,015
R = 0,001 R*=0,099
.
14 11 * ¢
** * *e .
*
‘s o . 405 | . .
g "‘ ] -—-,S_,_O . s -
0,5 - *e “os e - S
i\ﬁ— * -
* pos 4 .
e -
0 : : e.g — 0 ¢ & | 28
0 10000 20000 30000 40000 50000
0 10000 20000 30000 40000 5001 0 10008 20808 SOROE - 40088 50080
P gy fem) Fiensysei(cm™)
Vil peysa(em™) "
1 44000
. 42000 ~
R* = 0,084 e . .«
g P e
. {’. T /
- = 40000 . '
z /
50,5 - < . e
= 38000 :',//
S
/
]
36000 //,.
0 T T - ' 34000 L
0 10000 20000 30000 40000 50000 30000 32000 34000 36000 38000 40000 42000 44000

Vieepsalem™) Famepalem™)

kekdFonin maksi mumrelkahtseomi Kag&a-€i «Cat al 8§8n par ame

4F i-in absorbans spektrumu Catal 8n p
en ve deneysel ol ar ak %b0u.l7u0nda)yn ghiraetkiajnis | va
- absoriStPenSP- Spekt rdimpol arit e/ pRpehyafemit)zi bi | it
a ESAaTasendlai, dr oj en baj &Biaskes ehpitPrrojyean dbaa jaés i
K | ginelsdcni’)l earsa s émgdia bhierr hlkaor el asyon bul unamaméck:t
I parametresi [ 25, 26] ;

- Q
@

w
)

3deneysemD4721.4227109.4SP+5203.53Sei01.82SA2451.15SB
R=0.839; R=0.704; F=8.914; P=0.001; n=20

Catal 8n par ameshgagi nffeazghdaki b@ajkesriimu mh4 75201 ,udr2ma o

goer ¢l megkt ¢gr . SP parametresinin katsayésé -°z¢cCé
edilebilmektedir. € kat saysé-) nedgaui fu @ -in bat okr omi k et ki
bGh>bel ol dujundan -°zr.c¢n%ne e mpobialre kielslimni n el el
y ol a-tejéné s°yleyebiliriz. Catalan parametresi
ol duju g°stdédrmefttedini n HDC8bdden b¢g¢yeéc¢k ol maseé | se
hidrojen bajé don°r yani bazi kdejeni dahanégat if
ol masé ise 4F molek¢l ¢nde pozitif solvatokromizn
kromoforoéun kararséz oldujku s°erésébidlei rDi eKmn¢t¢el
edi |l memi ktir
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1.5 1 2.1
R?=0,1086 R . *
1 * . -
. -~ : -05 ‘. . f R? = 0,0009 .
0.5 =04 * -
‘u.;‘ . ‘ ‘ g: 2,02 —*
0 . . - o 10000 200(?0 30000 40000 ) | 29
0 10000 20000 30000 40000 VaenersaCem™) ° 10000 20000 30000 40000
Vaeneysa(em™) i
Faeneysmi{em )
1,0000 ‘: ? 30000 !..:/__)._,,a".
N - T -
g — s = . .
05000 29000
. ,
10000 v, “2‘3:)22 N 30000 40000 28000 29000 i”dﬂmm(::)‘go 31000
kekidlF6h.in maksi mum fl oresans ge-ik frekanseéna Kk:
4F FI| or es anrAlsAFKI- ipna rkaamelterte | e r-i° zkeunl el na neét | kai rl aekk i-ml ze¢rci,
kekil 506de 4F i-in floresans spektrumunda, -oklI u
konul arak el de edilen ve deneysel ol arak bulunar
(R=0, 793) . 4F i -in, f ()i droijle@)kbtprai] kd dfogn ks ifyad n wrka
elektronik polarizabilitéf(n) ile Vaeneysdcmm?) ar as énda her hangi bir korela

4F o6nin fl oresansTasfpte kgaruarme tir-eisni Kkaunlleanétl ar ak e
24];

3ex=32302.83293.20(n)-2490.35 (-245,1H+459,79
R=0.890; R=0.793; F=10.517; P=0.001 n=16

oresans spektr umuTaft solvamlgomzrh §Derklenn L)me k i
teirnedr-dniegraokdm anal i zi kull aneéel ar
izm katsayél aré melsalpdlanmar ghz véarzdmk
jakansagéséenegatiCf ol duj u tokromk mak si
na geldijini syl eyebiliriz. bC2b de
ge-iste y°nel mi k i ndy¢ k spolaripagyondftn,i | eki n
tlerinin katkeés®d®Cddm ¢(fnadbIC8bdltaedunm] drrz |l -@° £t enais
€ yapmama istejinin yapma istejinden fazla ol
(Toluen, Ksilen, Dietil eter, -bktanol, b ut anol , aset on, met anol , aset
spekt umu’,* ‘ge-i Kl erinin -°z¢c¢ polaritesi arttekce
gel diji g°re¢lmegktegr. 4F i -in floresans i -in Cat e
bulunan katsayeél ar yerine lkaomak abalkurmrdmrdef reedk d resn
korelasyon grafifiji verilmiktir (R2=0,779). 4F i
di polarite, SA -°9z¢c¢ hidrojen bajé aksept©°r vya
ile Vdeneyselfm1) ar asénda her hangi bir korelasyon bul urt

K
m
e
a

oX0O X3 0 x>
Y —pwocCc<
S o< x— — =
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04 e 27000 4
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Famepalem™) Vieneyser(em™)

keki #F&nin floresans spektrumu Caudeadtn hfreksans amet r e
grafifji

66da 4F i-in floresans spekt rkuambusnadyag,| a-ro kyleu
ar ak |l de edilen ve deneysel ol arak bulunar
8n parametresine gere 4 F mol ek¢l ¢neén flc
l anmékt ér. 4F06ian&hital gonparaméetbekumar gRrlk
n floresans spektrumu i-in Catal §nRr26lpar ametrr

3exp=29632.74+1440.18R5017.7(6dP+1385.75A+3797SB
R=0.883; R=0.779; F=9.709; P=0.001 n=16

4FB®in Catal 8n par ametsesinmgagPfei €6 Hatokr omik

hi psokromi k et Kki meydana gel mektedir. Burada C
meydana gel mi ktir. bC9b dejerinin ©BEg8lkdden "Dy
el ektroni k ge-iste hidrojen bajé don°r yani baz
kloroform, THF, asetonitril yok).

3.3. 4F Mol ek¢l ¢ i -in Dipol Moment Tayi ni Hesapl
Denklemdeki molar hacim ve DFIB3LYP/6-311G++(d,p)¢ me| seti baz al énar ak
mol ek¢ll ¢ i -in Omsarlgd@r, kavViaraky dué uamakt ur. Tabl
taban ve uyarél mék d¢zeyde hesaplanan Onsager ka
Temelveuyar él mék durum di pol momentl eri, solvatokro
Temel durum dipol momentiBildk a ws ki y ° nt e mi kull anéel arak hesapl
dipol momenti BilotKawski, LippertMataga, Bakshiev, modifiye ediimk  #awskb e Reichardt
y°nteml er i kul | arbgl.arlkaekk i H elksBagi &ppedtBatajai Bakshiev,

modi fiye e-d a W sk ik Be | dqktei chardt y°ntemlerinden t
g°ster meB} Rudgsaplaha®t ok es kaymal aréné ve fl oresans
dal ga sayeéelarénéen topl am#n.é Ayrdeecathme khdsaml aknua l
kérél ma indeksi fonksiyonl aréené ve 0Onsengysel kavi
di pol mo me n t hesapl amal arénda bul unan Bistt ati sti
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temel durum dipol

y°ntemleriyle séraséyla 13,366 D, 19, 33 D,
el ektri di pol mo me n t dejerl eri Tabl o 2
moment!| eaid4d s&2 aBéwed 13, 366D ol arak rapor
ile uyaréel mék durum dipol mo ment i far ke,
konjugasyonun bozul ma@yar @lahéd @ ndna rkdaredd dum® D[3E | é
yé¢k dajéel émena keyasla bir artéek olduju g°zlendi
°neml i bir fark vardér. B°yl ece wuyar él mecx
gel diji s°ylenebilir.
Tablo24F mol ekigh¢et emel ve uyarélmék d¢zeyde hesapl
momentleri (Debye)
Mol ek¢l | O | ¢ ‘ ‘ ‘ ‘ ‘ _
4F 4,82 |0,62 | 13,366 | 19,33 7,68 9,19 1,36 21,5
5
Tablo3.4 F mol ek ¢ | ¢-Matttaga, iKawskiCpammaVitallet ve Reichardt korelasyon
spektral sonu-1aré

Denklem Ej i m(m)|Kor(R) |Kncelenen -°z¢ce¢leri|N

4F

Bilot-Kawskil | mg-k(1)= 0,800 1-Octanol,1Butanol, EthanolPMF, DMSO, Su | 6

14518

Bilot-Kawski2 | ms-«(2)=15921| 0,807 | 1-Octanol,2Butanol, Ethanol, DMF, DMSO, Sy 6

Lippert i 15634 | 0,970 Benzen, Toluen,4silen, Kloroform, Etil asetat 9

Mattaga Butil asetat, Asedik asit, DCM, DMSO

Bakhshiev i 5265 0,988 Benzen, Toluen, oKsilen, Kloroform, Butil| 8

asetat, Asedik asit, DCM, DMSO

Kawski Mk-cv=6559 0,916 | Dietil ether, Kloroform, THF, Asedik asit, DCM 6

Chamma DMSO

Viallet

Reichardt mMgr=16423 0,977 Benzen, Toluen, Kloroform, DCM, DMSO, THI 8

DMF, Metanol

mio ment i

benzen

dur un
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kekidlFé6m.in solvatokromi k metotla korelasyon grafi

3.4.Teorik Hesaplamalar

Bu - al
-izile
mi ni mi
311G+ +

dur umu

Te mel

ékmada incelenen molek¢gll ¢n molek¢gl er yap
rek, Chem Draw Ultra 8.0 3D ye aktareéelar:
zasyonu yapel de. Daha s lerhesaplan@akuB3IsYP/6Vi e w. 5
(d, p) t e meGaussan 09W shkftwdrd iberod leskred ke r par ametr e
nda 95866k apl andeée [

titrekimleri, mol ek¢l er yapél arén ger-ek r

outputdes y al ar & dojrudan dipol |LnllJoM103ndte,j eprd learrii zvaeb ibla z

parametreleri dojrudan hesapl ande. Dijer yapé ak
afinitesi, el ektronegatifld&ks moe ekgl kgl Isorf t ha
sonu-lardan el de edil di

Mol ek¢l | er araseée ye¢k transferini bul manén i kinc
i -indeki yé¢k transferdi ile il gildi bil gil eri ay
LUMOOGI| ar & hesaplanér. HOMO (highest Occupied Mol e
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( donor) , LUMO (Lowest un Occupied Mol ecul ar
aksept©or) yet ene5pb6 .0l aGa kel lainiyagalaakiigitese BOMO ya&r  k
LUMO enerjileri farke ile hesaplanér. Daha kg¢- ¢k
ve HOMOOG6nun ©°zdejerleri ve bant enerji aral éeje
El ektron akseptka@mr oal an mhBUM@pabketesini gesterirk
el ektron verme kapasitesinin bir °lg¢&kegdegk. oHDBIE
mol ek ¢ | i -erisindeki y¢k transfer etkil ebepnel |83 i r
ol ur Enerji bant araléjénéen b¢yeéeck ol mase mol ek

4F
r{f | &H
w

GEOMETRIK YAPI HOMO LUMO
kekiGaz8 .f azéfnednai I14bFe n(z4oni tril )6énin 3D boyutta mol e
4F mol ek¢l I ¢ i -1 n g a zorisf va 8311+€Gz(@& p)demel seDile hidsdaplanary Pt e

HOMO-L UMO Vv auvdploio) Tabl o 46de ver iuwbwrowteVvebwdF gaz f
6,01 eMYuw¥yeRomSFE 3, 65 eV ol arak hesapl anméxktér.

4F molek¢l |l ¢ 1 -1 n gaz isifva @311f+eGz(& p)demel seDiBO boyittalL YP t e
mol ek¢l er yapéseée, ®HOMOl ve&oddd MOe ryialpraisket i r . En vy ¢k
ol an HOMO' daki elektronl ar, iyonl akma esnasénda
sonsuzdak ener ji si sefér ve mol ek¢l de iyonl akmadan

dézenl eme ol mad é&jye nd aa kkneablOMO geralekitiaiilgis=L;UMO ol duj u
g°r ¢lpEr .dejerinin y¢gksek ol mas@g?styegknmseekkt eemner j il |
i

HOMO®&nun °zdejerler ve bant enerji araléejeée mol
El ektron aksept®r olan LUMO el ektron al ma kapas
el ektron verme kapbsasef t edOMONnvdi t UMO-gmegdj.ir hant
ol masé mol ekg¢ | i -erisindeki ye¢k transfer etkil ek
sebep olur.

950 [ I W 560

MEP SAS

kekidF®nin MEP ve SAS yapeése.
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4F mol eke¢l ¢ 1 -1 n molnredkg, |l (Ikeir-i miirn, e tviaicluaikm noir t almaa y
hesapl anar ak kekil 96daki glsterim el de edi | mi
yojunlujunun her bir atom i -in exit ol mayan y¢l
karakterlerint anéml ar ken ve elektron yojunlujunun b¢y¢ék
é - boyutlu ol arak bakeéel ér. Atomi k y¢k i1l e el ekt
Ancak komku atom tipleri ve yakred-laepl aarréa s-ée kyi ¢kl i
bul manén i kinci bir yolu y°r¢nge topolojilef3ne
bilgileri aydénlatmak i-in vakum ve -°9z¢c¢ ortam
Occupied Molecular orbital)engj i si mol ek ¢l ¢n el ektron verme (° d
Mol ecul ar orbital) enerji si mol ek¢l ¢n BHBGKktron
Genellikle molek¢l ¢n ki myasal aktivitastan KHKOM@kve
enerji bokl ujuna HOCIA®H. el ektronl aré yerlekir |
Kncelen molek¢llerin -°9z¢sc¢ kabul yézeyi SAS kel
gesteren SAS,- °bzeidnierngient k-i®lzeskci¢gml er i ni  aa-@%rl @almhkj d
gibi, 4Fmolek¢l ¢nde kérmeézeée al anlar oksijen atonm
kér mézé al anl ar -%0z¢ce ile O atomu et kil ekimle
yézeyinin N atomlar & eidlie . e t4kidlna i mi°nzi¢g cg® satrearsn@enkd
(O) ve azot (N) atomlaré taraféndan kontr ol edi
sérayla O ve Nb5®barak séralanabilir |

Tablo4.4F Bi |l exki J i niparametielerik t r oni k yapé

Parametre/ Mol 4F

Ye; 164.3

iy k4 HeV) -9.6

Wg?uﬂeV) 5.2

& (LuUMO -HOMO) 3.4

t(eV) 1.7

IP(eV) 8.6

EA(eV) 5.2

F(eV) 6.91

#(eV) 0.58

O m- 14.0

Polarlanabiliriky ¢ k daj el éménén bajeéel bir ol - ¢s¢eder . Yar
bulutudur ve bu en dék elektrik alanla molek¢l vy
bir gor ¢ng¢ me sahipTa)bIrmasé@l la e kﬂ)@mezkalbemlllrte dej €
veri |l miFonin. pol ari zabi Iite dejdai dnlesskboh¢s8®) ol ar
mol ek¢l Il erin dayaneéekl|l él ejedeér Ve LUMO il e HOMO
4F (d) =10 |7arr5aekv b uKlywommuwkatswro.nP), o saesmdegal ibi ¢ el ektr
zamanki enerji 4e] PrDPmbbBeVgdbsaenkrbul unmuxktur. E
bir atomdan tam ol ar ak Knoe lre@deakkt g loear ail -man yalt kletn
EA=6,01eV ol arak bulunmuxktur. Elektrofolik indel
sérasénda ol ukan e n e r j5556]. Ekrldrofotia indeks, 84k =18aVrolar&k! - ¢ s ¢ ¢
bul unmuxkt uki mBSadadalinessakti vitenin derecesini O] - ¢
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mol eke¢l | er i -in softness Tablo 46 de gelekygol d¢j ¢
negati flik ise =6,91eV ol arak hesaplanméxkter.

4. SONUT ARE | k MA

4F i-in -oklu lIineer regrasyon analizin
ol arak bulunan frekansl aré araseéndaki k
elektronik polarizabilite f(n)) ile Vaeneyscm*) uyum i -eri sinde ol
hal kal ardan i'kaygea-kilbdlmamd rnodjeen baj aksep
arasénda her hangi bi AFkoreélhaavyesmribhahnsn am
|l ineer regrasyon analizinde bulunan katsayélar vy
frekanslaré araséndak®0.,koT®).as4bni buhpunmt)ur(df
hidr n ha{hiddméjren eafektranik poanzabilité()) ile Veneysdcn?)

aras a herhangi bir korelasyon bulunamamécxkter.

OO D

5 —

Ayréca 4F i-in absorbans ve f | or e-Fa#tsolvatokrpnezint r u mu n
kul | an ®&lrandak@neorl ek ¢ |1 ¢n gaz maazmamdaklsii ma m] ddef eir 4 innm g
absorbans ve floresans spektrumun@a) i n katsayésé negatif ol duj u

bandénda batokromi k kayma meydana gel diJini s°vyl
bCb dejerbdden pCs,0l masé incelenen 1T * el ektron
et kil exki mi ni f(n),ispergiyokploe rair nizms y on katkéséeneéen f ( (U
ol dujunu g°sterir. Absor bamé¢ neteb @felno rfesszalnk lpmaks
ortaméarf EHyapmama i stejinin, yapma istejinden f a:
4 F absorbans ve floresans spektrumu Catal 8n par:
el de edilen ve deneysel ol arak ®dmuduasaned Ve R kans
R=0,733) olarak bulunmuktur. 4F absorbans i-1in,
o

di polarite, SA -°9z¢,c¢ hidrojen bajé aksepto°r ya
ile VgeneysdC) ar a shéamndgai hbeirr kor el asyon bulunamaméxkter.

4F i-in absorbans ve fl oreslkatss aiy-sié nGdagtchatlji¥n i(p a
batokromik etki meydana gelmektedir. Catalan solvatokromizminde,(C © z ¢ C ¢ h ¢ n pol a
edilebilzfrtzignygnvei €ol aritesi) solvatokromi k kat
(-°2z¢céenegn ac4iddz ke difhien baziCkIlifi), -%0z¢éiceéel er ar a
meydana gelen kg¢gresel ol yna ydanjieeshti@ érkbmheki ot sma
incelenen "1 * elektronik ge-ikte hidrojen baje
Csgdejerinin pozitif dejerde ol masé i se 4 F mo |
g°stermektedir . ebBkui dkuroumodfao rndoul ne kk¢alrdar sé€z ol duj u
Mol ek¢l | er arasée ye¢k transferini bul manén i kinc
i -indeki yéek transferi ile i1 gildi bil gileri ay
LUMOOGI a@ankesafEn yi¢ksek enerjildi mol ek ¢ | orbita
esnasénda il k olarak kopacak ol an elektronl ar déei
i yonl akmadan sonra orbital d¢zeyeEndea -kakuf azldd
Ky onl ak maHOMO gerefektraniilgis=L UMO ol duj e gdejcércirnin y¢gkse
yé¢ksek enerji ile uyarél mayé g°stermektedir. Dip
i -in tanéml ay é ca&d éori54.[r4B $az fazdd, Uipoh reomentik=6,43D olarak

hesapl andé

Di pol moment i n y ¢éokpstel kk oelkmaasné , mad lzeeknter of - i n kr i ti Kk
aktivite °2zellikleri i se, Kyoni zampbepkpbtansepél
elektrofolik indeks ve molek¢gll er hardness i se b
Sonu - ol ar ak, yapél an bu -al exmada 4 FO6neénn el
solvatokromizm °zell ikl eri hem erplektirms&logn rki Kteir
solvatokromi k bir mal zeme ol duju bulundu. K¢res
bat okr omi k biPoleatrkiityei agr°tsttéekr-dai .absor bans bandeéené
dojru kayar. Bagtskreamirk IBaiy nealyeektr oni k ge-i kK mol
sonucu olabilir. Bakka bir ifade ile elektronik
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bir sonucu ol abilir Pol arAytreé caar tsbasikkaatkabky mgle ar kb
di pol momentinin °zellijini gesterir. e'nin Og'
uyar él mék hallerdeki y¢k dajeéeleme farkl é& ol dujun
(mB1 K( 2) + mBT K(MB)T)K/((1MmB1T KAe2nk | é5m6 ] . K ukEn adg-k gk EHB¢
I

LUMO bandé gap 3,4 eV olarak el de edi

TekekkYmazarl ar, BEBAP 2021. 06 projesini desﬁ%kl<
eder.
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Abstract: Detection of explosives has becomisang priority in recent years in homeland/border security, war

zones and transportation hubs, internal security, etc around the world. There is a need for fast and reliable new
generation (high power, low cost and portable) sensors in order to detesibjgothreats like monitoring the
mentioned environments, mine clearance and detecting hidden explosive devices. In this study, computational
chemistry methods were used to minimize human activity in terms of facilitating the detection of mines in danger
zones that cannot be cleared from landmines. What is aimed to achieve through these calculations is to investigate
the detection mechanism of explosives at the molecular scale, as well as to examine the affinity of explosives
against newly developed polyritematerials in comparison with experimental results, especially the nitramines
such as RDX (Royal Demolition eXplosive; 1;Bthitro-1,3,5t r i azi nane) , HMX (Her Maj
1,3,5,7Tetranitro-1,3,5, #tetrazocane), etc which are difficult to det due to their low vapor pressures. In the
present study, superyellow polymeric system was used as the target system. All calculations including geometry
optimizations were performed by using density functional theory (DFT) at B3I3d&E@l,p) level. All
calculations were carried out by using ITU National Center for High Performance Computing (ITU UHeM)
sources. The detection mechanism was examined in terms of the intermolecular interaction energies, including
basis set superposition error (BSSE), andotkécal fluorescence spectra of target/explosive molecular
complexes. Theoretical results were found in agreement with the experimental data-BoMT2@xplosive.
Theoretical predictions have also been reported on the detection of some explosivesHahe/leixperimental

data are not available. The results of this a priori study can provide a substantial amount of time saving and
financial gain against the experimental fieldwork.

Keywords:DFT, Fluorescence Quenching, Explosive, Nitramines, Nitroar@sati
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1. Introduction

Detection of explosive related chemicals has became a rising priority in recent years in homeland and
border security. Chemical detection of nitroaromatic, nitramine or nitro explosive compounds can be
highly challenging in the open agspecially if target analyte in trace amounts in the open environment.
Explosives have oxidizing and reducing groups simultaneously in their chemical structures. These
substances commonly have nitro, peroxo, azide, etc groups, which make them reabtbigieally |41
active and hazardous to living speciBsifer et.al. (2022), Jiao et.al. (2022), Santiwat et.al. (2023))

the present study, two different processes encountered in explosive detection studies, each of which has
its own characteristic diffidties, are discussed separately, taking into account the "sample collection”
and "detection” mechanisms. In this direction, the noncovalent complexes of ten different explosive
molecules with Aflas and Super yellow systems were modeled with Density Fadrifioeory (DFT)
which reveal the relevant quenching via-thea inte
CH/ " interaction, et c.

The sampling process is about to collect the air above a potential mine into a polymer, labeling the
sample and swling offsite to specialist centres for trained sniffer dogs to determine explosive
existance, prior to sending the operatives back to the field. However, it is a slow and costly procedure.
Therefore, there is a powerful need in alternative methodstbathilect samples across explosive
suspected field without wandering the field, and to detect sensitively any sampled explosive residues,
as fast as posible (Gillanders et al., 2017, 2019; Glackin et al., 2020, Gillanders et al. (2021)).
Luminescent orgaic semiconductor films have been attracting a high level of attention in recent years
as explosive vapour sensing films. Super yellow polymeric system was used in the present study, Figure
la. Certain polymers have properties that enable them to accerregpddsive vapours to the surface,
based on the hydrogen bond acidity between polymer and target vapour. Aflas polymer used in this work
for that purpose, Figure 1b.

OC1oH24

OC4oH24

Figure l1a.Super Yellow.

i CFQCFQ CHQCH CcmHz' T
| |
0.27

0.56 CHz 0.7
Figure 1b. Aflas Polymer.
2. Methodology

The gas phase geometry optimizations for the noncovalent complexes of explosive molecules with Aflas

and Super Yellow systems were performed by using DFT method witi2M®6nctional in 631G(d,p)

basis. Al comput ati ons iteelp providecamyahtitative idtergretatioa u s s i
of the inter and intramolecular hydrogen bonds, the interaction energies were calculated for all available
optimized structures. The basis set superposition error was taken into account in all calculagions. Th
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zero point energy correction was also added to the interaction energi€d-T Dalculations were
performed for the thermodynamically most stable expleSwper Yellow complexes in order to further
investigate the change in the emission and absorgiectra in terms of florescence quenching.

3. Results and Discussion

The interaction of 2ADNT and TNT molecules with Aflas system was shown in Figure 2 and 3.
| 42

Figure 2. Aflas+2,4DNT complex.

The interaction energy of Aflas+2BINT complex corresponding to the lowest energy configuration
was found in the order o7 kcal/mol.

Figure 3. Aflas+TNT complex.

The interaction energy of Aflas+TNT complex corresponding to the lowest energy catiiguvas

found to be9 kcal/mol. The hydrogens of both Aflas and TNT molecules lie in a proper distance in the
range to form typical classical hydrogen bonds. The methyl groups on Aflas are in attraction with nitro
groups of the explosive and the fluaiatoms attract to the methyl hydrogens of TNT.
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The most stable 2BNT and TNT complex of super yellow were shown in Figure 4 and 5.

| 43

Figure 4. The lowest energy configuration of SY+ZXNT complex.

The SY+2,4ADNT complex has an interaction energy-bb kcal/mol. The €H bond lengths of SY
molecule in the interaction site with the explosive molecule increased which indicates the presence of

hydrogen bonds. I n additi on, -DNhimeractwihlthe ltydrogens s o f
of the oligomeric chains of SY molecule and affects on thiE 8ond length of the related hydrogen
donor . That indicates the presence of CH/ - typ

contributes to the total interaction energy.

Figure 5. The lowesenergy configuration of SY+TNT complex.

The SY+TNT complex has an interaction energy in the orderSokcal/mol.

In order to explain the quenching mechanism of the emission of super yellow in the presence of an
explosive was also shown, Figure 6.
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Figure 6. The fluorescence spectrum of superyellow system with and/or withctNeT4

The quenching of the fIl @éuor es cN explosivefwasfaupdenr y el |
the order of 40 percent.

4. Conclusion

The noncovalent molecular complexes of different nitroaromatic, nitramine and nitro type explosive
molecules with Aflas and Super yellow systems were studied. The strength of the interaction of super
yellow complexes was predicted in decreasing orderllasvi (including BSSE and ZPE corrections):

TNP ~ RDX > 2,6DNT > TNT > 2,4DNT. When we consider the quenching ratios in the emission
spectra of the complexes, the following trend has been predicted upon increasing order of quenching:
2,6DNT < RDX < TNP< TNT < 2,4DNT. The results of this study constitutes a strong argument that
Super yellow molecule can be used as a target system for a variety of explosive molecules as well. In
particular, the fact that each explosive has a different quenching peeamagmission shift in the
fluorescence spectrum which is very important in terms of its potential to offer a plausible approach to
the segregation problems experienced in explosive detection.

In this study, the factors that directly affect the polya®alyte interaction and the unique quenching
process was examined as the structural parameters of the target system such as the pore size, molecular
internal volume, and the collisional diameter and also the molecular interaction ofataafide
systemsThe necessary information has been obtained to assist in the determination of standard features,
for future studies and applications on this field.

Acknowledgements Computing resources used in this work were provided by the National Center for
High Perfomance Computing (UHeM) under grant number 1010722021.
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Application of Generalized Kudryashov Method to Simplified Modified Camassa H@MCH) Equation

Abstract: Abstract The generalized Kudryashov approach was utilized in this investigation to identify exact
solutions for the SMCH equah. With the right wave transformation, this nonlinear physical model is reduced
once more to a nonlinear ordinary differential equation. In accordance with the homogeneous balancing principle,
the auxiliary equation was used to convert the solution fatman algebraic equation system. The parameters

in the equation system were determined and exact solutions in exponential and trigonometric form were achieved
for three distinct cases of the simplified modified Camassa Holm equation using Maple, dcsgorhputation
application. These solutions have been graphed in two and three dimensions.

Keywords:Keywords Generalized Kudryashov Method, Simplified Modified Camassa Holm (Smch) Equation,
Traveling Wave Solutions, Exact Solutions.

1.INTRODUCTION

The inportance of partial differential equations (PDES) has long been recognized, making them a crucial
component of applied mathematics. Applied mathematicians interested in nonlinear phenomena have
studied exact solutions of nonlinear partial differential &guoa in a variety of domains, including
chemical physics, mechanical systems, chemical kinematics, and plasma. Parts of complete traveling
wave solutions of nonlinear formation equations play an important role in the study of continuous
physical phenomena
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In recent years, with the development of symbolic calculation packages such as Maple, Mathematica
and Matlab, which enable us to perform complex calculations on computers, different methods have
been proposed to find exact solutions to nonlinear formaguationsJacobi elliptic function method

[1], F-expansion method {3], The generalized tanh method [4], generalized hyperbolic function
method [5], the modified simple equation method [6], symmetry method [7], first integral method [8],
Backlund tran®rmation method [9], the homogenous balance methed[1@an be given as examples

of such methods. |47

Camassa and Holm produced a new integrable wave equation for water waves by preserving two terms
that are usually neglected in the small shallow watdit.llUsing Hamiltonian approaches, they obtained
the Camassa Holm equation, which is presented in equation (1.1) [12].

6 clé6 6 066 co66 66 8 (1.1)

In 2005, Wazwaz [13] invastigated form of equation (1.2),

¢

6 6 O pod O 66 (1.2)

b is positive integer and Wazwaz used the modified Camassa HolnoedodtL.3) by taking b=2,

6 6 ad6 cH6o6 60 8 (1.3)

Upon simplifying equation (1.3), the simplified modified Camassa Holm eqdatidrich includes|
and k parametedswas obtained

6 ¢® o6 1606 m (1.4)

Traveling wave solutions of ttemplified modified Camassa Holeguation were exaimed by Md.
Asaduzzaman and et. al. used the modified simple equation method [13], by Syed Tauseef Mohyud
Din and et. al. used the efpnction method [14], Liu et al. used thH@ § }-ekpansion method [16],

by Thongchai Botmart and et. al used the Firgtgral method [17] and Gundogdu et al. applied the
elliptic func- tion expansion method [18].

In this paper we will explain the generalized Kudryashov method. Then we will appiyétii®dto

the simplified modified Camassa Holm equation. The generaiimedyashov method is introduced in
section 2. The exact solutions to the simplified modified Camassa Holm equation are the found and
illustrated in section 3. Also, we present some visual representation of the solutions. The final section
provided the corlasion.

2.GENERALIZED KUDRYASHOV METHOD
In this section, we describe the generalized Kudryashov method.
Assume the next NLPDE

womw b b b B T (2.1)

where Wis a polynomial.
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Step 1: Use the traveling wave tronsformation @ @ 0 dand witho ¢fo Y] , equation (2.1)
can be reduced below ODE

OWYRY AY B 1 (2.2) 148

Step 2:Suppose that the solution of the equation (2.2) can be represented by in the following rational
form

7 (2.3)

where®( i =0, @( jés 0 Niare éoeffitientsob 7 A 7 with® o  mand

67 —h (2.4)

0 7 0 7 07 h (2.9

where A is integration constant and re®To arbitrary real parameter to be determined later, with A>0
and A 0. Also the positive integeéd andM can be determined by using homogenous balance between
the highest order derivatives and the nonlinear terms appearing in ODE (2.2).

Step 3:Substuting equation (2.3) into equation (2.2) along with ordinary diffaremfidtion (2.5). The
left-hand side of equation (2.2) can be converted into a polynomial in powerg afCollecting the
terms that include the same powerlof and equating each coefficient equal to zero, we acquire a
system of algebraic equations for'Q mipf 0 ho mipf8 O MR .

Step 4:1f we solvethe algebraic equations in the Step 3 with the help of Maple, we can find values of
@ Q mpB O hw mpB 0 hoha) . We subsitute this valuesto (2.3) by considering equation
(2.4), the solutions of the NLPE in equation (2.1) can be obtained.

3. APPLI CATI ON OF THE GENERALKZED KUDRYASHOV MET
3.1.Solution of the simplified modified Camassa Holm (SMCH) equation

In this section exact solutions dfet simplified modified form of the Camassa Holm equation will be
examined.

To find of the exact solutions of the SMCH equation given in equation (1.4), we apply the generalized
Kudryashov method.

First, using theravelling wave transformatiah o~ "Y{ wo 0 Owe can reduce equation (1.4)
into an ODE,

Y @W® GLOY TOVY 18 (3.1)

Now integrate twice agation (3.1) with respect to, we obtain the following equation,
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¢CQOL O Y oY =Y mh (3.2)

where constant of integration is taken as zero.

Considering the homogenous balance between the highest order derivatiV¥ tewith the highest 149

order nonlinear termy ,
o0 o0 0O 0 «c (3.3)

If we choose M=1, then N=2 and equation (2.3) takes the form

~. -

2% A (3.4)

whered i Ftd iy ¢ & @ are constants to be determined later.

Substituting solution (3.4) into the equation (3.2) yields a polinamial in. A system of algebraic
equations is obtained by setting each coefficient of the equation to zero.
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Using Maple to solve the aforementioned system of algebraic equations yields the following cases.
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(3.5)

When we replace the found valuekd i fo ¢ ¢ @ in (3.5) with the aid of solution (2.4), obtain the
following solution of the simplified modified Camassa Holm equation;

Yi o othd —2 h (3.6)
where
i o ¢o éz— (3.7)
Or we observe thaY 7 is equally the following hiperbolic equation;
. E— —
0 W —— 8 (3.8)

Privataly; if we take A=T, =1, k=1 for solution (3.8), obtain the following singular soliton solution

6g O cMlo———38 (3.9)

Figure 1 shows the 3D chart and contour gtaphics ob ¢ , which is the solution of the simplified
modified Camassa Holm equation solved by the generalized Kudryashov method.

|50
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Fig. 1 Solution0 eh<«when A=10, c=2, k=2 and=9; in the range of x=P0,10],t=[0,5].
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Substituting equations (3.10) into (3.4) with using (2.4), we acquire exact solutitre SMCH
equation as follows;

Y 7 BA  p & 4 h (3.11)

where

T O 10 6—. (3.12)

Or we observe thdY 7 is equally the following hiperbolic equation;

|51
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6 oo d

Vigs (3.13)

Figure 2 shows the 3D chart and contour plot graphics affp , which is the exact wave solution of

the simplified modified Camassa Holm equation solved by the generalized Kualvya®thod. In |52
addition, 2D chart and polar coordinate graphics are given for solution (3.13) of the SMCH equation in
Figure 3.

eh<when A=10, c=2, k=2 and -3; in the range of x=10,10],
t=[0,5].

bl
2

=5 — — 125 — — =0

Fig. 3 Exact solutior®

[

=0 t=2.5 —— =5

eh<«when A=10, c=2, k=2 and -3; in the range of x=]0,10], t=[0,5].

Case 3



J N
(19" UBAK, 16 17March 2024 Ankara (0

UBAK UBAK
N do 1 &,
) = —h
PO qw
. go 1 O,
PQ W
0 cO—38 (3.14)

When we replace the found valug&h) hd o ¢y & @ in (3.14) with the aid of solution (2.4), obtain
the following solution of the simplified modified Camassa Holm equation;

Y i Cwd Q P —————— h (3.15)

where

i O ¢o &6—. (3.16)

Orwe observe thaly 7 is equally the following hiperbolic equation;

_ _ Z
6 ofdg—ou— 8 (3.17)

Figure 3 shows the 3D chart and contour plot graphi@s adfo , which is the exact wave solution of
the simplified modified Camassa Holm equation solved by the generalized Kudryashov method.

Fig. 4 Exact solutiord ¢fd when A=2, c=2, k=3 and/ =2; in the range of x=[20,20], t=[0,10].
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CONCLUSION

In this study, thesimplified modified Camassa Holm equatiavhich has various uses in mathematics

and physics, was discussed. After examining the generalized Kudryashov method, it was applied to the
SMCH equation using the traveling wave transform. Exact solutions and hyperbolic solutions of the
equation were examined. Some special solutions were also presentedaridvhreadimensional
graphics of the obtained solutions in some x and t ranges werenadariihe established results
demonstrate the simplicity, generality and power of the generalized Kudryashov method, which may
used to many other nonlinear differential equations to achieve correct traveling wave solutions.
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¥zeMevcut yapée stoku incelendijinde, bet onar me t akeé
g°r ¢l mektedir Bu durum artan n¢gfusla bbetiokte meengtilpé
sretiminin hammaddesi Kkonumunda bulunan betona ol an i
dojrultusunda, beton ¢retiminde betonun mal zeme mekan
dejJ i ktirmd, )snrnghl viker meden hem ekonomi k hem de ekol o]
karkélanmasée gerekmektedir. Ger-eklexktirilecek -al éxkn
kull anéelarak toplamda 4iaderebéet mpairmel BntBrmaygmanes:H
deneyl eri sonraseéddpl astmiammuniel exkkinsiy,¢kenerji t ¢ket me
incelenecektir. T¢m deney veril eri € K € ]éelnadbai, | idroljiak douer
ortaya -ékareéelacakter.

Anahtar KelimelerrBet onar me Ki ri K, Doj al Perl it Agregasé, Haf i f
Il nvest égatéeon of the Structural Behavéor of Reénfor

Monotonéc Load

Abstract: When the existg structure stock is examined, it can be seen that the majority of buildings have
reinforced concrete (RC) carrier systems. This case, combined with the increasing population and the increase in
urbanization and industrialization, to be increased thedrfee concrete, which is the raw material of RC building
production, day by day. In line with the stated need, the expected need must be met by taking into account both
economic and ecological facts in concrete production without compromising the matedanical properties

of concrete (compressive strength, strain, ductility, etc. in concrete). Within the scope of the study, it is planned to
fabricate a total of 4 RC beam specimens using both conventional and natural perlite aggregate. After the loading
tests, the loadlisplacement relationship, energy consumption capacity and damage distributions of the specimens
will be investigated. In the light of all test data, the usability of natural perlite aggregate in RC beams will be
revealed.

Keywords:Reinfaced Concrete Beam, Natural Perlite Aggregate, Lightweight Concrete

1. GKRKK

Betonar me yapeélara olan ihtiyacén n¢gfus ve sanay
°zelli klerindeki gelikmelere ek o@o¢ az@akurlkwownloénli ke
bajl amda Tablo 16de ©°zetlenen -al ékmalarda ar ackt
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el astisite mod¢l ¢, Kekil deji ktirme kapasitesi
veril en zarar éveeng¢raezta mi nmailringeet | er i ni azalt mal
ger -eklexktirilmixktir. Tablo 1 incelendijinde ge
kull anél an mal zemel er doj al kaynak, alterémmatif v
TablolLi t erat¢r ©°zeti (Alternatif/ Aték mal zemell%r
Yazar Kul l aneéel a Arakt érma Kon Deji kken Par i Malzeme Tipi
Doj al pe _ _
Lydon (1982) Bet on basén- d Agrega hkohha
agregas
G° k- e Dojal pe¢ Beton basén- daya S/ ¢ oraneée, G
(2010) agregas hézlaré ve biri.i daj él éme
‘ _Grang,lometri (
Top-u Genl extiri UItrase? Q_]e-I.K h é yezdesi
(2015) emmevee s él il etk
(%0, %10, %20, %30 ve %40) poj al Kk
Mansour Doj al pe Betonun iklenebi Adreaga kull a
(2020) agregas ozel likleri greg

Chihaouivd, Doj al puz Agrega kulla

Alkali silika reaksiyon direnci

(2022) dojal pu (%0, %10 ve %20)
Ragul vd. Doj al pe _ Agrega kul%5an
Bet on basén- d
(2022) agregas %10, %15 ve %20)
Dszdsn celik t Bet on ,b aseeknme ve ¢elik tel ku
Geatie dayanéme (%2,%5,%7)
Tayki Betorunb a s,é n--edkampen weé r Cam el yaf ku
Cam elyaf . S
(2017) ikl enebilirl (%0.5, %1 ve %1.5) Alternatif
Yalciner vd. S Betonarme kiri k Korozyon seviyesi, 3,56, malzemeler
(2018) g dayaneémé ve 9%)
Bicer vd. . ) . . . Polipropilenlifk ul | an é
Polipropilen lif Bet onarme kirik
(2019) ROP (%0.5, %1 ve %1.5)
Ak - a?®
(2008)2‘ Pet ki k Hafif beton ¢ Pet kike kul
Emirojl Atéek | a El astisite ma At ek Il astik k
(2009) s
Vadivel vd.
At ék kau- Bet on basén- d At ék kau- u%6)l
(2011)
Rashid vd. Kil tuil El astisitewemimddble Kil tujla ateée’
(2012) ! dayanéme %25, %50%75 ve %100
Gonzalez vd. At ék seramik At ek
At ek ser Bet on beas€ekhmaneé
(2014) n (%5-10) malzemeler
Abraham vd. At ék dekmilrl atnoéz
At ék dem Bet on bes€ekhmaneé
(2017) n (0% ve%10)
Shafég Pal mkazan] « Bet on numunel erir Palm yajé ka:
(2017) klinkeri Ve yarmada - ek kull anémb®r a
takeér Knkaat mo Beton- e kdhayv an & meé Silis duma-B-£0),i
(2018) dumaneée y Knkaat -AD80) oz
Abedvd. Odun ateéejeée kud

(2019) Odun at Bet on basén- d %30)
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Yazar Kull aneéel a Arakt ér ma Kon Dej i kken Par i Malzeme Tipi

K | e n &lbsu dmme Kapasitese

Eren (2020) At ék d° k¢ Kum oranl a

kel cal kye-iri

Zh d. U- WK uk g1 e

ang v U-ucu Kk Retre -atl ak uce ud dlanem

(2020) ve %20.80)
Kahan Kaz énmélku lalsd mé |58
’ Kazénmeécxk Bet on basén- d

(2021) (%5, %10, %20 ve %30)
Durak vd. _ Betonunak @€nma, ej] il At ék dekmilrl anoé
At ek dem o
(2022) dayaném (%10,%20 ve %30)

Yapésal hafif beton (LWC) bir yapé bilekeni ol a
Y a p éhafiadetony oj unl uju tipi k olarak 1400 ila 2000 kg
1981). Tabl o 16den ger¢lmmcegjriet iimiemeée hlaifi f - blet @at ék
kull anél maktadér. Gel enerksgd!| agad pagkghpbagselkemaadas
°czel li7Ji kazandérmaséna ek ol arak yapénén °1| ¢ vy
deprem ye¢kl erini azaltmakt dé . B°yl ece betonar
anl amda da katké sunacaje r(-Hooks saariank t2&0rOnda; cTEO pt -aur
1993).
2MATERYAL ve Y¥NTEM
l.1Mal zeme ve Kesit ¥zellikIleri
Betonarme Kkirik numunelerinin ekse4#0eMPa),ekpsitl me d:
°czellikleri, donateée orané vegai@eavehagsehbapealdaan
cretil mik toplamda 4 adeitndbeetpeira-rendeh ekkigniikke f e Mmer
icretiminden °nce tasarémlarda dikkate aleénacak
belirl ecmmatké&liar.eénm@n mekani k °zellikleri:; 8 mm i -
644 MPa, akma ve koma d a k i gerinim dej eri 0.00245 ve O0.01
dayanéme 530 MPa, kopm dayanéme 616 MPa, akma v
ol arak hesapl anméxkteéer. 5l\,lIJZOan aot | éal raar ké anmiaimsltankmerrmﬂdQ,wI
beton ¢retiminde kullanélan agrega tipine P (do]j
dayanéméena g°re 20 ve 40 MPa ol arak isimlendiri/l
basén- dayanéméha sahip numune P25
—8mm ——I14mm
700

[V} (=)

o o

[T =]
v

Gerime (MPa)
w 4=
8 8

—_ o
o o
S S

o

0 002 004 006 008 01 012 014 016 018
Birim sekil degistirme (mm/mm)

kekiDlonlat € mekani k ©°zell ikl eri
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kelkde betonarme Kkiri%zalulmukleé reir ign’es tdermialtkreeskited diyrl

2
%
]
=
(]
A4 Section A-A
] 2012
| |59
|
I f=1
| E:
1 25—
Adl
2000
1 4914
250

k ek iKesiie donaté detayeé.

keRiddg® st breit lo@amr me dgkgern i0nmojniun g k480enknl vjei net a- ekl ¢
2000mm ol acak kekil de tasarl anmépgpageée. k2Brhnkaaba ¥ éne ki
Kekil de t Kessairtliam mék e . bldrhmg e-sa ma&red an e4 vy, bditg €-ne k me
b°l gesPatetmey § MBbgm - apénda donaté kullanél mékteéer . I

500 (2000) g°z ©°n¢ne aléenmék ol up, beton tar
-atl amadaki kesme dayanéménén 0. 6506 inunuaettenm ol mas
sargé do@mm é-lagwénda iinki kol l u nervegrl ¢ etriyeler

0-1 mm 1-2 mm 2-4mm, 48 mmve 816 mm- apl ar éna sahip doj3ael per | |
gesteril mektedir.

kekiFlarX.laki- ampt] al perlit agregal ar e.

12Y¢ k] geme¥| - ¢m D¢gzenelj i

kekdiel, gel eneksel ve ¢droejtaiylnepnebbétidn klmdd @am-€ | chayw&ner
kirik numunelerinin ejilmee deldegmer id¢ ezenejoikt adh
ger-eklexktirilmiktir. Ejilme deneyleri i-in ekse

adet 600 kN kapasitegrsahighidrolik pistonk u |l | anBé méxt €grecinde hidr ol ik
uygulanany ¢ Ristonunucunasabitlenenl000kN k apasi t eye s ahliep kyagykét h ¢aclr
al eénmékliteéeme d'gzenejinde, hidrolik silindir il e
ayréca dexk merkezli ye¢klemenin Saghanagre-y ¢ ki eame r
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sayesinde, hidrol ik silindir vasétaséeyl a aktar
bl gel erine il etil mesi suretiyh@kibrbret drelda ma é K i |
edi |l mi ktir

TN == Gerinim Pulu
(a) =——— LVDT (Potansiyometrc)
: ] L] *LVDT #1: Diisey yer dedistirme diizenegi. | 60
é *LVDT #2 ve 3: Donme ags dlgim dilzencgl
E
=t
s 400
Mafsal " L
--9 ;
Celik Plaka F‘?I"VDTM
Hareketli M —_ ————— Sabit Mesnef
(b) Celik Plaka ~ LVDT #3
/."200,. 1600 ‘v200“ —
LVDT #1
Rijit Beton Mesnet Rijit Beton Mesnet
kekiDlende.y D¢zeneji kemati k G°ster i mi (a),
Betonarme Kkirik numuneleri, iki adet rijit beton
Kartlareée sajlanméexktér. Séneér «kKartl agé&na ry grilte kteit
-elik levhalar ile y¢k deplasman ilikkisinin saj
ol acak «kekil de 4ddeliyg-kephmemadr il keki ki, enerji y L
parametrel ersiin ama<g&lye @i, meet onar me kirik numune
yer|l e@60r mme kapasiteldi potansiyometrik cetvel (

ol ar ak, betonarme kirikdaejumknieelt mel eai it eeapgeneal de
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33ARAKTI RMA BULGULARI

Betonar me kirik numunelerinin y¢kleme deneyl eri

depl asman ejrileri olukturdempbmesman Ekriol eariaki re
al anl arén hesaplianmaekkéyina 9t meammduka ul akénca
enerji dejerl eri el de edil mi ktir.

31.Y¢ oepl asman Ejrileri |61

kekddde far kil
incelendijin
i -in séraséy

numune i déepl aeadmnaen edjirlielnery 5kg° st er
C4 0 nmduamu e s@ipasittliagkPlipgi2eve B25 eumadnélgrie

é
de
la % 9. 8, % 15.1 ve % 22.9 oranénda

0 0.01 002 003 004 005 006 007 008 009 0.1 0.11
Deplasman (m)
— P25 P40 C25 C40

k e KbiYl¢ -Beplasmarg r.i s i

3.2.Enerji Kapasiteleri

Dék y¢kler etkisibealomamde hkédepkdemimaghRii | erini
bl gelerin alteéenda kal aédavad rainll ear éen ehrejsia pd aamarsaistéey
El de edilen enerji kapasiteleri dikkankRl0,825éndej é

é
ve P25 numunel eri i-in séraséeyla % 30.4, %34.2 v
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20.00

18.00
~ 16.00
g 1400
= 12.00
10.00
8.00
6.00
4.00
2.00
0.00

17.73

12.22

|62

€)

8.84

Toplam ern

C40 C25 P40 P25
Deney numunesi

k e k iNumu6elerin enerji kapasiteleri.

sitel eri incelendijinde
e g°re enerji yut ma kafy
me deneyi sonraseé has:

Toplam enerji yut ma ka
betondani ma | edilen Kkirikl
Betonarme kiriklerin vy
-atlak dajeléemlareée inc di j ikndd Kkt /om t rmau mu reell erk
-atlak genikliklerinin simum dejere ul aktej] e
geni kKl i klerinin daraldéjé ve en u- noktalarda is

x> @
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r iy g
: o
k e K7iDeney numuneleri: a) C25 b) C40, c) P25, d) P40
4TARTI KMA VE SONUE¢
Doj al perlit agregasé kullanéelarak ve geleneksel
sahip °zdeck kiriklerin m-glgplasmann | k K kyi¢gki euvwe& i B mell:
kapasitel eri deneysel -al ekxma kapsaménda inceler
sonu-lara ul akéel méexteéer.
1. Gel eneksel agrega ile ¢retilen betonar me k
perlitagregs € il e ¢retilen kiriklerden daha y¢ks
2. Y¢Hepl asman ejrileri dikkate aléendéejeénda p:¢
depl asman dejerlerinin geleneksel agrega il
3. Numunelerin akma konunmua kadar ol an rijitlik dejerler
numunel erinin baklangé- rijitlik dejerleri:H
bir davranék sergilediiji,
4. Deneyl erin tamamlanmasénén ar deé nrdéanné nh ahsearr |i;
tip numune i -inde benzer formlarda ol uktufjt

TEKEKK! R
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¥zeMe:vcut |literate¢egr ietciehmiemdle fhulzlaamaal dretoeal gmeksel a ¢
fiziksel °czelliklere sahip at ék veya kat k é mal z e mel
°czelliklerini iyilektirmeye y°neli k Buir-ad @k maalkapmanr
gel eneksel agrega yerine doj al perl it agregaseé kull ar
berakél arak numunelerin fiziksel ve mekani k °zell ikl
geleneksebet on kul |l anél arak 25 ve 40 MPa beton basén- day
di kd°rtgen prizma kirik ve 15x15x15 c¢cm boyutlaréna s
beton numunesi ¢retilecerdajir200U@undDeéUCnved®sOod&Calsle
berakél masé planlanméktér. Sonrasénda numuneler k¢tloe
(BD), elastisite mod¢l ¢ (EM) ve basiteelféel mpcéBE&hedek
numunel erin mekani k ve fiziksel czellikleri karkel akt
Anahtar Kelimeler:Yan ma Dayaneéme, Basén- Dayaneémeé, EJi | me, Dur e

Il nvest egat éon of the Compresséve and Fl exumdl|l H®tgheng
Temperature

Abstract: When the existing literature is examined, it can be seen that many studies have been carried out to
improve the mechanical properties of concrete by using waste or additive materials with different mechanical and
physical poperties in various proportions instead of the conventional aggregate used in concrete production.
Within the scope of this study, it was aimed to examine the physical and mechanical properties of the samples
fabricated using natural perlite aggregateiead of conventional aggregate by exposing them to high temperature
effects. In this context, a total of 96 concrete samples will be fabricated, including 48 rectangular prism beams
with dimensions of 10x10x40 cm and 48 cube samples with dimensions Bk1Bxn, with a concrete
compressive strength of 25 and 40 MPa, using perlite and conventional concrete. The samples were planned to be
exposed to temperature effects of 2000UC, 400U0UC and 60¢C
examined \th destructive/nofdestructive methods such as mass loss (ML), ultra sound transmission rate (USTR),
compressive strength (CS), elasticity modulus (EM)and pure bending (PB) test, and the mechanical and physical
properties of all samples will be compared.

Keywords:Fire Resistance, Compressive Strength, Bending, Durability.
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1. GKRKK

Betonarme yapeélarén sismik y¢kler altéenda el eman

sistem el emanl aréenén kesit ve malzeme °zellikler

yé¢ksek ol masé takéyeéeceéekledreimainl ar aé rerhekk tyseché rd.e pB e

yapélareén b¢gyeéek bir bel ¢m¢egne¢g ol ukturan betonun
u

¢
dée¢kek yojunl k dejerlerine sahip beton tasarll66anrr

Knkaat sekt°r ¢nde a paopun lhacknoea®n@d 6 ianrit mak eyt ur an b e
hammaddesi konumunda ol an agregaya olan ihtiya-
olarak kull anélan doj al kaynakl ardér. Yalnéezca 2
tutdha edoj al agrega kullanméxkter (Ostrowski vd.
k¢etl el erini vV e doj al ekosisteml er. tehlikeye a
nitelendiriimektedir (Castillo vd. 2020; Sikora et al. 2020). Bu nedenleb et ondak i - i me
Kl enmemi Kk agrega mi ktaréné azalt mak, yal nézca ¢
[ kil -evresel tehditl er.i séenérl ama konusund
°r¢nde doj ali nkay maklmars&n vteg kadttiemnati f ol ar a
i mal zemel erin ekonomi k ol mamaseé, arakteéerm
érma konul aréna y°neltmixktir. Bu Kk anks amd a
i kl erini geliktirmek i-in aték veya altern
cl éemegkt ¢r (RashidvYad-enetBydeorodlxedOLd., 2
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e yapél arée Basai saP

ma issehepsohan et
Yangénén meydana ge i [
[
rd
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i | mesi i -in yan
| uk ma éilhatridmnaa l i
a m¢gmkendegr . B

s €
| e
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e
b
dir . Bu birlikteld n o
[ betonarme yapél a a d
nin yangén bakaréménén hesabé ve yang
a bul unmakt a dRanmn20,(9BB BSBHELO: a2, 11989;,0ACI 216R 8 3 ; B
7, 1997; TS EN 1992-2, 2006; ASTM E119, 2007). Belirtilen teknik
r/ raporl ar ol maséna rajmen betonar me
al é rndacnaa kyt mapl@&gal Apgarametrel er a-éséndan
yapeésal be¢et enl ¢k sajl ama kabiliyeti 0
dirilmelidir Ancak, yangeén sérasénda
dejerlendiril mesi i -in bir standart b
sonra performans analizinin kesin bi.
ol asé vy én et kil er i mektediu Begfanarmei n K a a
yangén e S i altenda hasar al masé v
inin azal € ve betonun sécakl ék etk
negKmesiylé ml iakztad mase@rer . d Byedamnar me
mal zeme m ni k °zelliklerinin y¢ksek
gi bi take € sistemi oluxktur amir el eman
°-mesine neden ol maktader. Yangén perf
gsterdiji dayaném ve dayanékl el é&j
andart bséendanigethomparmeorynmamay @ emley
t ak é&ma gécé séneéer dur uma ul ak ma
n éyé olukturan mal zeme t¢r¢é¢gne b
kdteénreégy | er de yanma ésésé gel eneksel a
aneé nen ortaya koyacajé yangeén pe
r. Bir bakka deynhkyangéetlhornulimeayap
incelenmesiyle yangeén bakar éml ¢
ri emede °nem arz etmektedir. Bet
an m&ksiymunng ésne csakleés i) ve ayreéca mal zeme]l
mar uz kal déj enda, fiziksel, mekani k ve
ristik ©°zelliklerinin azal deéej éledrtaypl o 16c
Ktur .
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TablolY¢ ¢ ksek sécakl éjén beton ¢zerindeki et ki sir
Yazar Araktéer ma Kc Ana Parametreler Eleman Tipi
Betonun y¢ksek Ygksek sécakl ekl ar Ké¢p,
(Xiao vd, 2004) altendaki per 450AC, 600AC, 800AC prizmatik
incelenmesi fiziksel ©°zellikl donatés
|67
K¢,
Yéiéksek sécakl @ Farkl e s¢grelerde fe Silin(;ji[r)
(Sakr vd., 2005) fiziksel, mekanik ve radyasyon 2ve3saaty( 250AC, 500AC rizmati’k
°zel i kthistin incelenmesi AC) P )
donat és
Yangén sonraseé
Yan X, vd., 2007 _ _ _ . .
(vanX, v ) betonlarén ya Sécakl ék dejerl er)i Ke¢p
belirlenmesiven a r € mé
Yangén sonraseé
(Haddad vd., 2008) ile betonar me Farkle y¢ksek-79®d4d Keép
aderansén in
Yéksek sécakl
yé¢ksek dayané
;| f. ROR A K¢
(C¢l f.20RO) Vv ¢ AL OEE B Lo grega tane boyutu i p
yé¢zeyine etkis
bacarem s betc BeLOn sexidine gir
(Hassanpouvd., 2013 _ L beton, silis duma “(,,‘p
dayaneéekl el ek ©°: _ Silindir
. . kull anél an be
incelenmesi
Y¢éksek sécakl é _ o
B - | K¢
(Ma vd., 2015) mekani k °zel asen _da_yaneme, e. _,°’_p
o dayanémé tasthraki Silindir
arakterelm
Y¢ksek sécakl ékl arc
¢in'"'de y¢c¢ksek 800AC, 1000AC) yg¢k: K¢.p
(Xiao vd., 2018) y¢ksek perfor mekani k ve fizik:e Silindir
iczerine - al incelenmesi (Termal | et kenl i
kapasitesi vb.).
2MATERYAL ve Y¥NTEM
2.1.Materyal
Ger-eklexktirilen deneysel -al ékma kapsaménda,
kull anéménén betonun y¢ksek sécakl ék et ksi alte
belirl emekelaimacdylda&8 agét sLsxEsrlbcmeboyul ar é nd a k¢p ve
10x10x40cm boyutl arénda pizmati k kiri Kk numunesi
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kekijlrelt.il en deney numunel er.
Kull anél an beton karékéména ait mal zeme detayl ar
Tablo2.Far kl & tip betonlar i-in kar éeékeém
Kareke Karéekeé Karéké Karm«e
Malzemeler (C25) (C40) (P25) (P40)
(S/¢=0 (s/¢ = (S/¢ = (S/¢ =
¢i mento (kg/n 11.76 11.76 11.55 11.55
Su (kg/ mj) 6.46 5.33 7.36 6.47
0/1 mm perl it - - 5.91 7.35
1/ 2 mm perlit - - 3.55 4.41
2/ 4 mm perl it - - 3.92 4.87
4/ 8 mm perl it - - 2.08 2.59
?/iZ,gS/mmn; )perlit (%22 i i 458 569
Geleneksel kum 11.76 11.76 - -
Geleneksel agrega 23.52 23.52 - -
kekil 20de deneysel programé sunulan gel eneksel
cretilenlS@G&3ninetd amdartl are@all@e6® | maki bkder 2068 f
sécakl ék etkisine maruz bérakeéel mékteéer.
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—| Referans Numune | Referans Numune
o — 200° C
= 200° C
25 MPa Beton _| 25 MPa Beton
B D B Basing Dayanimi
'gi‘h asmng Dayanum] | | 000 8 | | 100° C
g, o]
[an
< o L] so0°cC - 1 600°C |69
= Q <¥]
= = H » H
— i
ﬁ'-_" m — Referans Numune g — Referans Numune
5 3
3 = 200° C @ | 200° C
Q | | 40 MPa Beton | | | | 40 MPa Beton
Basing Dayanimi - Basing Dayanimi
m 400° C || 400° C
— 600° C | | 600° C
kekijlrez.ilen numunel ere ait ak:¢@

3. Y¥NTEM
31Numunel erin Nem Y¢zdesinin Ayarl anmaseéeé

Prizmati knkimunhel eei hk¢egpretiminin ardéndan yangén
sonu-larén °n¢ne lgieri Hemeeysalman @yl aeet hykvedkei |8 03NGBd el
sécakl ékta 48 ¢xnayeetsi malelkét islueggyruenk b u h erl lea Kk nkaeskéi | s a4
gesterilen féréenda y¢ksek sécakl ék deneyl erine t

!

kekiElt ¢¥.e yerlexktirilen numun
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ffnnim

kekiNumunel ere sécakl ék etkilerin

3.2.Malzeme Deneyleri

Geleneksel agr &agal aaé drakiapkmuge@d0d t e400U0 ve 600U
etkilerine maruz bér ak évVvenfiziksady aspoénsuécnud abnebydapauul nmak iar
gelmektedir. Bu bozulmaldy et onun t asar ém aKk a mianseéknadnai k° niigzCerl¢llieknl
meydana @getrifoemajhnis kayéplaréne tespit et mek ama
el astisite moddekepelkeloblt ei m°ké&eali mnean d¢gzenek yar o

keki¥ll -5%.m d¢zenelj i

321Ul t r aseHe z@m-éink Bel i rl enmesi
Beton numunelerde, ASTMC597BS 18816e uygun 0,1 Os duyarl ékl é
s¢rel eri Ol - ¢l megkKt . Ses ge-i kK s¢relerinin ©°f -

bokl ukl aré dol durmak namddadeée viel ¢ snumuzeeyl eri ne v a

dal gal areée g°nder en vedagelrasnl di¢ghic tgri dri s dnuusmeurn eknd kni |
yerlexktirilmik, direkt il eti mdsy)° nd leum muukytguurl.a nRur
dejiktirilerek ikinci okuma al éeénmék, her numune
(V, km/ saat) hesapl anméexteér.
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kekiUpvé.ci hazéyla °rnek bir °1 -

4. ARAKTI RMA BULGULARI
41Basén- Dayanémeé

Beton presindg er - ekl exktirilen deneyl erde C25, c40, P25

i -in ortalama basén- dayanémlareée séraseéeyla 26, /4
adet ger-eklexktirilen y¢ksekhaséoakbakademeglénda
kekil 76de g°steril mektedir 600AC dikkate al énct
dayanénmliarréefielrggins numunenin basén- dayanéména ¢
%9 . 91 or ané&rsgpa ta #akliedkerijil & t8ti) r.
30 a)
25.‘.")25_5
25 23.6 ke
- 2.3 223 226 22.9
20.9 21.1 21.4 21.3 21.2
T 20
=3
= 16.1
E 15.1 -
= ..
%15
(=]
o
£
8 10
5
0
200°C 400°C 600°C
Sicaklik
mC25-1 m(C25-2 mC25-3 mP25-1 mP25-2 mP25-3




19" UBAK, 16 17March 2024 Ankara  /~_

UBAK UBAK

45 b)

SR — 3g 3

39.7 &
T
. 135
35 ] 323
30 :
5
0

Basing Dayanimi (MPa)
N N
(=] w

[y
w

[y
o

8.8
37.5
36
33.333.4 | 72
28.1
259 . 555

200°C 400°C 600°C

Sicaklik
HC40-1 mC40-2 mC40-3 mP40-1 mP40-2 mP40-3

kekiYlec kb.ek sécakl &k sonr asé nurrP@inaniueeteii, D) C4as én- 0
P40 numuneleri.

100 Frwwwww -l
n : ."""8225:;;;::::::::::::00...........
90 e ooqooooo.....:::l'
80 E P 90.09
9 hliised.. 8720
~ 170
g 'o...O
- 65.09 ®
g 50 58.21
g 40
8
é, 30
20 ®C20 ®C40
10 @P20 P40
0
0 100 200 300 400 500 600
Sicaklik (°¢)
kekiSlé cBektlkéiksi yl e numunel erin basén- dayaneéml

42.UPV Deney Sonu-1I|aré

Deney numunel eri i-in oda sécakléejenda, 200AC, 4
deneyl er sonrasd ulet dasoendiikl emesUP&al gas e yayeéel ma
g°sterilmektedir.i Tiazddroedamda as gPaklléejcee,;] 200AC v
dejerlerinde kayda dejer bir dejikim ol maméxktée&r.



J J
(19" UBAK, 16 17March 2024 Ankara [~

UBAK UBAK
al éndéejénda °zellikle gel eneksel agrega rkull an
gor ¢l mektr ¥rnejin C25 ve C40 numunel eri di k ke

400AC i-in elde edilen UPV dejerinden séraseéyl a
karkél aktérma perl it agrsegaPs2e5 kvuel |RAOE | au mk n e/lagré
dejerler séraséyla %10.50 ve %19.50 oranénda de]j
|73
Tablo3Y ¢ ksek séecakl ején beton ¢zerindeki et ki sir
Oda Séci200A 400A 6004

(e} O3 O3 O3

C251 41.2 41.1 45.9 103.4

C252 41.2 41.1 46 98.6

C253 41.2 41.2 48.3 104.6

C401 38.2 37.8 40.7 74.8

C402 38.3 37.8 41.1 69.2

C403 37.8 37.8 39.8 83.6

P251 47.4 47.4 49.3 54.7

P252 47.4 46.4 49.3 53.7

P253 46.4 46.9 49.3 55.1

P401 449 43.9 45.9 54.3

P402 44 .4 444 45.9 53.7

P403 44 .4 44 .4 45.9 56.6

5. TARTI kMA ve SONUC¢

Betonun y¢ksek sécakl ék etkisine maruz kal masé
crénlerinin bozul masé ve mikr o bo+«kinyadal apleandaé s € n € n

bozul mal ara sebep ol maktadeéer. aMleydn&nanedkalnerk Bz e
ol umsuz y°nde etkilemektedir Beton numunel er C
agrega ile ¢retilen numunelerde daha fazla tahr
cretilen numudéejl@mddCé&ykat eadaenseéecakl éfja maruz
-atlak olukumu g°zlenmiktir. Bu durum 600UCOGYyeEe
yé¢ksek hasar durumunun temelini ol uktur maktadeér
perlitin mikro bokluk yapésé ve éseél il etkenl ik
sécakl ék etkilerindeki performans d¢zeylerinde b
TEKEKK! R

Bu -al ékmanén finansal dersatketjéir nkan °Pr¢o jienlievreir skiotoers
taraféendan d2dx884&BenemaFB8Aé proje kapsaménda ge.l
yazarl aré Kn°n¢ | niversitesine desteklerinden do
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Entegre ¢ok Kriterl i ilKStrraat eVjeirkme, rY®m tke-mlirerTe

Arakt ér maceée! MekrjwreetDag I|éy esi! Murat Ar ékan

Gazi | niEn@drsitresiMghendi sl i 7] BO Il ¢ mg

*Corresponding author: Mer ve Dajl e
¥zeG¢negmegzdeki hezl e teknolojik gelikmeler ve k¢resell
da firmal ard¢ ek am&klail yigtellii,, tek seferde ve tam zamaneé
kapsamda tedarik-ilerin dojru bir Kekilde dejerl endi
edi |l mesi ©°nemli bir sor unelhiak e m et egkenl ori okjtii ri.l eArbtearna breerk
fazlal é@éfjé ve bu dojrultuda dejerlendirme kriterlerin
gel eneksel vyventemler yerine daha f ar kHKkaterlnkarargetrmiear a y ° n
tekni kIl er i -ékmakta ve bu y°ntemler kolay wuygul anabil
tercih edil mektedir. Bu -al ékmada savunma sanayi.i al
tedar-iikmiprsebl e mi el e alénméek ve problemin -°z¢meg 0 -
TOPSI'S metotlarée entegre olarak kull anél mekteéer. cal et
°czel l ik, dejerlendigkney %kmettiemil eve Vyeelibihkhdgereksini
y°netimin karar vermesini kol ayl akt éracak bir karar
mevcut ol an tedarik-i se-im problemilreiykkneél iakéeyakakeé
model | eme i K1 emi yapél méktér . Akabinde sistemin S¢ér
kull anél arak bir tedarik-i se-im programé gelixktiriln
hezl €kivre i r karar verme s¢reci olukturul masé hedef|
deji kimlerin sonuca etkisi hezl é& kKkekilde g°zlemleneb
el imine edil mik ol acaktéér.
Anahtar Kelimeler:Teca r i k - i Se-i mi, ¢tcok Kriterl:i Karar Ver me, Ah

Supplier Selection for Strategic Product by Integrated Mu@riteria DecisionMaking

Abstract: Competition is increasing in today's rapid technological developments and globalizatioonement.

This situation forces companies to produce better quality, lower cost aAdtiste product/service at the same

time. In this context, evaluating suppliers, selecting the most suitable candidate and involving them in the process
has become amportant problem. With the increasing competition and the development of technology, companies
have turned to other methods instead of traditional methods for supplier selection due to the abundance of supplier
alternatives and the diversification of dwation criteria in this direction. At this point, muitriteria decision

making techniqgues (MCDM) arise and these methods are preferred by companies in terms of easy applicability
and fast results. In this study, a supplier selection problem for a gicapeoduct in a company operating in the
defense industry is addressed and AHP and TOPSIS methods, which aeritatili decision making methods,

are used in an integrated manner to solve the problem. What makes the study different from othen shedies i
literature is that it creates a decision support mechanism that will facilitate the decision making of senior
management by addressing risk management and localisation requirement factors within the evaluation criteria.
In the study, firstly, modetly process was performed for the supplier selection problem existing for the company
by using the aforenentioned integrated MCDM methods. Subsequently, a supplier selection system has been
developed using VBA programming language in order to ensure thingity of the system and with this
application, it is aimed to create a fast and effective decisiaking process for managers under changing
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conditions. With the newly created decision support system, the effect of instantaneous changes on #re result ¢
be observed promptly and time losses in the current method will be eliminated.

KeywordsSuppl i er Selection, Multi Criteria Decision Maki
1. GKRKKEk

G¢negmegz rekabet ortaménda, iKIédmeIeEmekail-éhllmmeé
memnun etmenin kritik oldujunun bilincindedir.
anl amak ve bu talepleri en késa s¢rede ve soru
dojrultuda orgrminli masiyogpernekenieanve&nemli kararlar
Tedari k fonksiyonunun y¢é¢gkeml gl &7 ¢, -0ju zaman Yye
teslimatl a hammaddeni n, te-hizatén ve mal zemenin
Tedari k zinciri y°neti mi kapsaménda en °nemli f
i Kl etmelerin b¢gye¢gmesi, gel ecekte varol ukl aréeneé ¢
-ekKi tli ri skl eri f ér s artdaa dd°anhéak td¢ar nkersiit iak- éhsaél ned agne |
b¢e¢yée¢menin anahtar é, bir yandan t¢keticiyel mgkter
ortaklarl a/alt y¢klenicilerlel/ltedarik-ilecel e etk
mal i yet. d¢Kéermeye ve operasyonel verimlilifjJi al
ve tedarik zinciri ortaklaré araséndaki il kkil
Tedari k zinciri y°netvei orgeahakbhayénel tgkhpel aj E
edinil mesini ve s¢rekli olarak yeniden dejerl end
Bir zamanl ar «Kirketler i-inde yalnézca omerasyon
arték bir-ok kirket taraféndan stratejik bir y°
tedari k faaliyeti °ncesinde tedari k edilecek ¢r ¢
ol up, akabinde biebi & hielme deelniikendn, klrememil er i n
dejerlendirilmesi ve stratejik olarak firma i-ir
devamé a-éséndan °nem arz etmektedir . kéleder i k- i
bir tedarik-inin kabiliyetini s¢reklilik, fiyat
vasétaséeyl a dejerl endirmektedir. Bununl a birl ik
i htiya-1ar én t-eolj uknd vurka nal agrelnee |i fnade edi | mesi nden
do°ng¢gkKt ¢r mek Zor ol abil mektedir. Bunun sonucu 0]
yargéséné i-ermekte ve hiyerarki k yirapéda bu fakt
Ge-mi kten g¢negmgze kullanél an gel eneksel yontem
se-im problemi i-in -ok kriterli karar verme y®°n
y°ntemlerinde ise bu prokberéemih-idojde] éitrtereiki ing
probl eme ©°zel olarak dojru y°ntemlerin uygul anma
2. AMA¢ VE KAPSAM

¢tal ek ma, savunma sanayi.i alanenda faaliyet g°st e
birinde germr-elBlaggwtnimai Isminktyii i al ané ¢l kemi zde gel
al makta ol up, mevcut yapése gerefji b¢e¢nyesi nde
yapélacak olan alt y¢klenicil/ltedalrmaks-é /vpea ykd a kk estei
ve hedefl erine uygun «kxekilde t¢m késétlarén g°z
gerekmektedir. Bu -alékmadaki ana ama-; belirsiz
stratejisini akroarru yvaecraikc ikleekriilndeenk dojru karare al
ol ukturul mase vV e bu dojrul tuda il gili Ssi st emi
uygulanmasénén sajlanmaséder

Uygul amanén ger-eklexktirildiiji firma, il eri t ekn
ve tedari k-i portfoy¢gne sahiptir] 3] Firmanén, u
al mék ol duju bir-ok papopptéandawagéhdat kenddes ©°zg,
¥zgéen ¢reéenlerin tasaréem ve ¢retim kabiliyetlerdi
i Kl etmenin kuruluk ama-1laréndan bir i frnektd.&8u kendi
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dojrultuda geliktirilen ¢reéegnler i -in megmkeégnse il
i se kademel.i olarak yerlilektirme politikaseénén
ana kriterlerdefpibmevcoktmasée dgreéeéklhi her bir ©°zgg¢
ol arak y°netil mektedir.
¢al eékmanén uygul ama akamasénda, bahse konu ikl e
projesinde, strateji k birl eC,ra(lrecnmeKltrertedDafrmbH ;J]msk
©czel dejerl endirme kriterleri belirl enmik eI
tedari k-inin se-ilmesi hedeflenmi«ktir. KKIetmeye
akab nde bir dizi séralé adémlar ile ilerlemektedi
odakl & olarak dejerlendirilmekte ol up, projeye
al énamamaktader. S¢re-kt ek aorlaars, & svlezrlielkerme hgeerrheajnigic
getirmekte ve bu durum kKirketin mal. a-édan -o0k
3. Y¥NTEM
tal eékma kapsaménda stratejik ¢regn i -in tedari k-
veber er probl eme sahip olan ikletmeler incelenere

AHP (Analytic Hierarchy Process) ve TOPSIR:¢hnique for Order of Preference by Similarity to
l deal Solution) y°ntemleri kutkgnel ahayahkt Eml fan

akajéeda °zetlendiji Kekilde uygul anméexteer :

O Tedari k- firmalar i-in se-im kriterlerinin
AHPOnNnin i kil@ karkél aktérma yakl|l adeemitel kul | an
kriterler ile dejerler sajlanabilecek 7 krite

0 AHP y°nt e mi ile ajerl éklaré bulunan kriterle
aday tedarik-ilerin analiz edil mesilnderae¢¢se
araktérmal arénda sék-a kull anélan TOPSIS y°nt

0 Dejiken «kxartlar (puanl ama, ri sk statge¢gse vb.o
ol ukturul masé adeéena, VBA programlama dil. i
ver mel erini kol ayl aktérmak i-in kullanéma sur

3.1 Anal i ti k Hiyerarki S¢reci (AHP) Y©°nt emi
AHP, kar ar al mada ni cel Ve nitel kriterleri d
deneyimlerini, bilgilergntcel sreizgii | dei kiayr ayamrsgele
dojrusal ajérl éekleé bir y°ntemdir [ 4]
Saaty taraféndan il k ol arak ortaya atélan ve gel
ol ma °zellijini takémaktadeéer . hiSomi tyeoll aral daijk
yaygénl akméxkt ér AHP y°net i mi hiyerarki k bir yap
AMAC
.--"f---- - E----_ —
" _H-H_"""‘—-_
_--""/ -

kekiAIHPL.y°neti minin hiyerarkik yapeésé
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AHPONnin uygul ama adéemlaré akajéda verilmiktir:
AdémHilyer ar ki k yapéMmEPn noeltuokdtuunrdual maesleéi: r | enen pro
hiyerarkik yapénén oluxkturul maseé, problemin -°z
yapénén meydana getiril mesi i Kl emi he Kapdel Vemeo
kriterl erin birbiri il e keyasl amaséne yapabil m
pl anl adéjéméz yapénén temel amacé belirl enmﬁ}S d i
etkil eyecek krinterlKentodluxt unllumaluéegdé dukt an SO
kademesinde ise karar verilecek alternatifler ye
AdémKRi:terlerin ve kriterlere g°re aHigenatkf ke
model |l eme yapaséndanosSaorRtaruyampé i-erisinde yer
derecelerinin belirl enmesi ge ek mektedir. Krit
hesapl anmaktadeéer . Birbirlerine g°redi®°neerm bderr ekcreil
ki ol arak karkél akxteéréel maséeénda kull anél acak
kull anél an i kil:@ karkél aktérma matrisl eri ik
PS|koIoji al amérmda yédmtt&ayna -Salaaryt,éelAdP y°ntemine a

atrislerinde karar vericilere iki temel soru so

U Kriterler arasénda hangisi daha °nemlidir?

U0 Kriterler araséndareneml kadhandabdajenemeidir”’
Kriterler arasé ajeéerl éklarén bilinmiyor ol masénd
dejer y°nt emi kull anél arak ajérl éklarén hesapl ar
skal asé@ odiezelgle | mi ktir

¢Ci zelSpeatly.oni n i kil karkél akt ér ma sk
¥nem De Taném A- ékl ama

1 Ekit °nemll. ve 2. kriterin exit

3 Biraz dahel. kriter, 2. kriterde

5 ¢ok daha ©°1. kriter,2 . kriterden -ok de¢

7 AKéreée °nerl. kriter, 2.4 kriterde

9 Kesinlikle dahe, i ter, 2. kriterde

neml i

2.4.6,8 Ara dejerlGereksinim duyul masé d
Dejerl endirilen her bir kriterin exkit dejerlendi
Nor mali zasyon i kKl emi ger-eklexktiril mesi sonr asé@
vekt®rg¢ bulunur.

AdémT Bt:ar s & z | heeks aprl esfméFaésso:nu- | ar énén ge-er | i ol ab
tutarl @ bir matris ol masé gerekmekte olup bu do]j
orané ejer 0,106in alténda bir dej e&l @ soMPWH-P Vvieri
anl aména gel mektedir. Bu akamadan sonra her bir
alternatifler araseéenda sér al ama i Kl emi ger - ekl
met otl arénda TOPSI S ¢grTeenccheni lpypy e Siolr arGrtdyert oPriled e
kuIIanéIacaktér.

3.2. TOPSIS Y°nt emi

TOPSI'S y°ntemi il k olarak Hwang ve Yoon [8] tara
Hwang [10] taraféndan geliktirilmiktir. TOPSI S Yy

artan veya azalan f aydsaydeeniérdletré@ mdca salhti @r nod tdiuf]
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-%z¢me  en uygun alternatifin se-ilmesidir. Me s
karkél aktérél abil mekt e, bu sayede °ncelik séralce
edilenen i yi -°z¢m, ideal -°z¢me en yakén, ayné zama

TOPSI'S y°nteminin uygulama adéemlarée akajéda a- ek

AdémKdr ar matrisini TOPBUBSt yPuwltmans @i QAD:I rinci ak
oltukr ul maseder . Karar matri si A harfi il e tamem
sé¢tunl arda i se karar vermede kull anél acak temel

Ad
bu

Ad

mKagar. matrisinin normalizasyonu (RKarar matrisinin normalizasyon i - i n A matr i
unan dejerlerin kareleri toplaménén karek®©°kg¢n

— o

mMij3&rl ekl @ normalize ka®rgerimm&tkt iesi nnionr noallul ketkutri
risi olukturulcredgdgeée °ineimh exli - Htwlaea rgi-pvueay Y @l n- éedj ni ng
e belirlenerek normalize edilir ve Wi (nor ma
l'ir [12]. Daha sonra hesaplanan noieemanlarze edi
ili Wi dejeri ile -arpelarak AVO matrisi ol ukx

«
o
Q — = ~ o

mK dde a | (A*) ve neégatnlferii e @P SUl(k& uyr°un tmeansié,: her
erinin s¢rekli olarak artan veya eketetmékiedir,. bir e
kapsamda pozitif ve negatif ideal -°9z¢;m set.i

— o

mAyr:em °I| -¢tl erHai nbheskhaltanmas&t asénén Kkrite
I -%z¢m noktalaréna ol an uzakkll &K e va k| ahkeéssme
al aneéel éer . Buna g°re her Dbir alternatifin id:i
mden uzakl éjée-)négavil erdeblesaptaméef¢ Si

nKdéecal -°2z¢me g°?°r el iAlteynatikkéanyl néaj kél na rhéens ai pd eaanl ma-s°éz: ¢
hesapl anmasénda ideal ve negatif ideal ayrérn

ul ama stratejik ¢regn i -in tedar iptogramlameeddii m pr o
|l anélarak elde edil miktir. Program i ki akKame
ntemin -éktesé bir sonraki y°ntem adéména gird
ait detay bilgiler verilecektir.

4. UYGULAMA
4. 1. Probleme Ait Dejerlendirme Kriterlerinin Be

é
)
. 3. Tedari k- Se-im Problemine ¥zel Gel i ktirile
g
[

l an analizler ve g°r¢kmel er neticesinde pro
i mat takvi mi, fiyat, servi s, ermal bkl or hepn
rienen kriterler yukaréeda a-ékl amal aré ver.i
ak,; mevcut projenin gizlilik derecesinden d
anmék ve isimleri verilmemi«ktir

AHP Y°nt e mi il e Dejerlendirme Kriterlerine

met oduna ai't il k adém incelenen probl eme !
turul masédér. B°%y Il'i kl e ama- vekmpirtodd leer -V ea

K I el i I
n kolayl ek sajlayacakteéer. Kkl et medeki mevcut
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1
I AMAC | — ‘ Stratejik Uriin icin Tedarikci Segiminin Yapilmasi ‘
1

1

1
. 1
: KRITERLER | Teknik Yeterlilik (C2)| Teslimat Takvimi (C3)‘ Fiyat (C4) ‘ Servis (C5) Risk (CT)
1 —

. S—

—_— — ’ | 80

kekiPlrodl em i -in olukturulan hiyerarx«ki
Hi yerar ki ajacéenén olukturul maegesbandisemdaki ki
ol ukturul muktur. Matristeki girdiler al t komi sy
belirl enmik ve matrisin tutarl el ék durumu probl e
Problem il-am ioMliulkit ukaur k€l akt ér ma matri si ¢ti zel ge
¢i zelPgeob4d.em kapsaménda ol ukturulan i kil:@
A C1 Cc2 C3 Cc4 C5 C6 C7
C1 1 0,33 5 5 3 3 1
Cc2 3 1 5 5 3 3 3
C3 0,2 0,2 1 3 3 1 0,33
C4 0,2 0,2 0,33 1 3 1 0,2
C5 0,33 0,33 0,33 0,33 1 0,33 0,2
C6 0,33 0,33 1 1 3 1 0,2
C7 1 0,33 3 5 5 5 1
Burada s°z konusu matrise girilen verilerin tut
sonrasénda sonu- dejer.i 0, 1006un deeljte&dérndandbiri | ohe
Geliktirilen karar destek sistemi ile bu dejer 0
Sistemin tutarl él ek analizi akabinde ortaya -eéka
ajérl éklade ¢vereil lgmi Bt i r .
¢i zelAHe® 5.°nt e mi il e bulunan kriter aj
KRKTER ] TEKNK|[TESLKI YERL K
R KALKIVETERL TAKVI,(FKYASERV oraNl | RKS
¥NEM
Y! ZDES 0,2 0,33 0,08 0,06 0,05 0,08 0,21
4. 3. TOPSI'S Y°ntemini heddgmgiuk ainmias éBéll ier Ean g $ i
TOPSI'S metodunda alternatifler araséendan i deal -
séral ama ikl emi uygul anmaktadeéer . Bu b°l ¢mde vyer
taraféendan heryapgél néekkldlfanbadkejnadral endi r me f or ml
i K

l enmi kKt ir. TOPSI'S metodunun wuygulamasé daha °
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al énacakteéer. ¥ncelikl e karar matri si ol uktur ul
ilketilecektir. Olukturulan karar matri si ¢ti zel ge
¢i zelTOsPSA.S y°ntemi kapsaménda ol uxkturul a
ADAY : Teknik | Teslimat | _. .| Yerlilik :
. . 1
FKRMALA Nl Yeterlilik | Takvimi AR | SERE Or an RIS 8
S1 8,2 4,1 7 6 5,6 10,5 Riskli
¢ ok
S2 7 10 6 3 4 4 Riskli
S3 20 11,6 7,5 2 15,6 11,4 | Az Riskli
S4 18 12 6 2 16 8 Az Riskili
S5 11,9 4,2 7,9 4 17,6 9,6 Riskli
Yapélan hesapl amal ar sonucunda TOPSI S y°nteminin
Sonu-larén anktaml dbpnyggkélemakeg- ¢ e dojru ral anm:
en yakén olan aday firmanén S3 ol duju g &l mekt
séral anmaktader .
Ci zelTPPSA.S y°onteminin uygulanmaseéeyiakeénil é&«aldef &
ADAY FKRMA S1 S2 S3 S4 S5
C* 0,235 0,572 0,614 0,605 0,273
4. 4. Tedari k- Se-im ve Dejerlendirme Programé (
Uygul ama i kletmede incelenen probl eme ©°zel gel i
eldeedi | mi ktir. Program i ki akamal é bir algoritmay
sonr aki y°ntem adéeména girdi ol ukturmaktader . P
sunmak ve se-im faaliyetieariinndeorj rwe zlmewmamarmgi dmoijr
g®zden ka-mayacajé kKeki de planl anmék ol maséneé s
tutarséz bir veri girildijinde kullanéceéya ger.i
Kekil deeankmérkguer . Uygul amanén i s mi AnTedari k-i Se-
belirlenmik ve uygulamaya ait g°rseller Resim 1,

a5 Baglangig Ekrani

TEDARIKCI SECIM VE DEGERLENDIRME PROGRAMI

AHP yénteminden elde edilen adutik giktian TOPSIS yonteminde kullanlacaktr.
Bu sebeple nce AHP sonra TOPSIS yéntemi ie hesaplama yaptrimaldir.

Resm1TSDP

uygul ama

gi ri

K ekrané
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! Tedarikgi Secim ve Degerlendrme Programi - m] X

|82

ARARR  EREEEEE

Resm2T SDP ver. girik ekrane

o Tedarikgi Secim ve Degerlendrme Programi - O kY

ol
HEEHEENHE
ENEEENE
NHEEEEEN

WindowsApplication1

Sonug Tutarh >> CR = 0,0912858998315393

Resm3TSDP AHP veri giriki ve sonu- ekr

W Tedarikgi Segim ve Dederlendrme Program - [m] X

WindowsApplication1

EN i ADAY FIRMA = 0,614 // TUM SONUCLAR >> 51 = 0,235 S2 = 0,572
§3=10,614 54 = 0,605 55 = 0,27

Resim4TSDP TOPSI S veri giriki ve sonu- ¢
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4. 5. Duyarl el ék Anali zi

Kkl et mede incelenen problemin geliktirilen karar
se-i mi i K|l emi t a naapnél laannmé Bt €érs.e- Amicak gYzden ge - i
dojrulujunun dejerlendiril mesi i -in mevcut siste
Uygul ama i-in yapeélan duyarl él ek anal i zirlen ki ade
dejikimlerin -éktée dejerini ne oranda dejiK 'éec
karké ne denli duyarl é ol duju elde edil mixktd.i
el de edilen Kkrit eel eanjeé ryl apkd laméegk t¢fzrer i Yhadpeé | iamnc inC1
ajéerl éja sahip olan Ateknik yeterliliko kriterdi
oranénda’:‘aaza‘alrtéélaé;ak dijer kriterlerinatedger!l er.i
al énan -850d%2%,m ul unan (mevcut) dejer, %25, %5 0)
anal i zi uygul anmék ve akajéda verilen grafik eld
S1 S2 —&—S3 —m—S4 —8—S5

0,800

0,700

0,600

0,500

0,400

0,300

0,200

0,100

0,000

-50% -25% BULUNAN 25% 50%
DEJER
kekiGeld . ktirilen sisteme uygulanan duyar|

Grafik verliern den S4 tedari k-isine ait dejerin teknik vy
tedari k-isine tercih edildiji ve bu noktada si st
5. SONU¢ VE ¥NERKLER
Ge-eklektirilen -aléexkmadwa¢rogteeellmekd evepagamr aasr éarkd
olukan alt komisyon heyet.i cyel eri il e gor¢gkel el
belirl enmiktir. Belirlenen 7 °1|-¢t; kal i té, t ekr
ve risk olarak ele alénmék ve -°z¢:¢m¢gn i1l k adeéeme
hiyerarki k yapésé belirlenmicktir. Belirl enen yarg
kriterin ajeérl é&k hesabvweroernt akyual |-aénkentéékl awea sviesrtid ne
sonu- destekl enmi ktir. AHP y°nt emi il e bulunan
dejerlerin hesaplanmasé ile alternatifler arase
TOPSIgSiobred i ol arak kull anél mékter. Byl elikle sg¢i
dojrultusunda ideal d¢zeye en yakén sonuca ul ack
arka planda -aleéexkteéejée ve kulémniecemiesni veéei Vereéeng
bir kar ar destek sistemi gel iktirilmiktir. S°z
Programé (TSDP)O i smi veril mik ve ikletmede yer
-éktelar al énméexteér
¢tal glemd i terat¢rde yer alan dijer -aléekmalardan f
ri sk y°net i mi ve yerlilik orane gereksini mi k e
kol ayl akt éracak bir uygulama alt yapésé olukturn
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Daha ©°nce de ifade edil difji czere geliktirilen
gel i ktiril mick ol up, kol ayl ekla g¢ncell enebilir
projelerine de wuyar|l anabbiilrmeykatkel daikrée.m ¥tlee yfaanrdkal né vy:
se-im probl emi i -in benzer yaklakémlar kull aneél
kurgu ¢zerinde dejikiklikler yapélarak sonu- al é
¢KKV metotl aré bulanék yakl akéemlar ol arak el e
i kKl et medeki dijer projeleri de kapsayacak «kelB4d 1 d
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Makale id= 17

S°zl ¢ Sunum
ORCID ID: 0006000218657815 | 85
Bir Turbokarjl e Trakt°r K-in Farkl e Boyutl

Arakt érmacé, ADo- GRmrca@¢l ay Yakar

IKstanbul Gelikim | niversitesi
Pamukkale ! niversitesi

*Correspondi nfgkaraut hor: G¢l ay
¥zeBu - al ékma, turbokarjl e bir trakt®r¢gn kompresor ¢
termoel ektrik jenerat?or sisteminin voltaj dejerleri
otomobillerin termoelektrif ener at °rl erinde egzoz gazl arénén eéeseéel en
ol ar ak, termoel ektrik jenerat®©rde, kompres®°rde sékeéxkt
-al @ékmanén ©°zg¢é¢nl ¢ éeneg ollukeummekément IAgmriérc ak s ivte anl
elektrik enerjisine olan enerji do°n¢gkemeg ¢zerindeki e
ol ukan ancak farkl e kel891.42 .ad antl iac ar i$98mhs 2. (tesdrlanal GNG M
mody¢ |l ) V1i89-1.62 G W (tasarl anan mody¢l ) ol mak izere é -

ger-eklexktiril mikti r-199842y.¢&0s ario dagn a;lni¢znl evrodl9glPpr2.@veTT &M | er i
TGM1991.62. 0 mod ¢ | Idearhian ey ¢gksre&k ol duj u bdd.62 . ekt vol t aA

dej er |l el®F15T7GCGMéa g°re daha de¢gkegkt or. Anc-2981528Kke ort am
TGM199162 . 0 mod¢l Il erinin voltaj dejerl eri birbirine yak
Anahtar Kelimeler: Ter moel ektri k, Jenerat°r, Voltaj, Ara Sojut uc

Different Sized Thermoelectric Generator Modules for a Turbocharged Tractor

Abstract: The present study includes a numerical analysis on the voltage values of a thermoelectric generator
system placeddtween the compressor and intercooler of a turbocharged tractor. While thermal energy of exhaust
gases is used in thermoelectric generators of automobiles in the current literature, alternately in this study, the
thermal energy of the compressed air incbenpressor was used in the thermoelectric generator. This constituted
the authenticity of the present study. In addition, the effect of-sexd®nal areas of-mand ntype thermoelements

on the energy conversion from thermal to electrical was invastigd o that end, numerical analyses of three
different modules of the TGIP931.4-2.0 (commercial module), the TGM91.5-2.0 (designed module) and the
TGM-199-1.6-2.0 (designed module) were conducted while they were comprised of the identical number of
thermocouples. According to numerical analyses, it was determined that the voltage values of th@HIGM

2.0 module were higher than those of the FE3-1.5-2.0 and TGM199-1.6-2.0 modules. Moreover, the voltage
values of TGML99-1.6-2.0 were less thrathose of TGML99-1.5-2.0. However, the voltage values of TGNB-

1.52.0 and TGM199-1.6-2.0 approximated each other when the outdoor temperature increased.

Keywords:Thermoelectric, Generator, Voltage, Intercooler

1. GKRKK

Géengmegzde termoel ektri k modegll er ve bu modeél |l eri
ve bakém gerektirmemel er.i onl aré -ekici kel makt
el ektrik sreti mi amaceéeyl ar kal ¢ latnreil labi;,Ir mé k tme ¢ id e .
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ter mo
al ané
gazl a
Kemas
Far k|
Kemal
(2020)a j
jener

ektrik jenerat®rler olarak adlandeéer él makH
a kullanéel maktadeéer. Bunl ardan biri ot 0mao
né rknolelleerkam i k jenerat®°rlerdir: Wang vd.,
é kdilteamnhani LNGyakeéetl & gemiler i-in bir at
sécakl ék b°l gelerindeguwrygunk t k& gaigank £kt rsie
il e maksimum d°n¢gkegm verimlilijJinin %18
hizmet tipi bir dizel motorun egzoz &8¢és
°r¢nzeddrifkdremams ©far akt ér mékl ardeéer . El de
yékey birlikte arttéejene, ancak mot duwovdh ézénda
(2020)e s dejiktiricinin ésé tranafmarliayanveyslkemasgal
dejiktirici t astaaléénkemagledriek,t itremimdeelredkitrr.i K j ener a
i -in yeni bilgiler sajladée ve bir ésé dejiktiri
konsept ortay&oydu.Ez zi t ouni vd. , (2020) termoelektrik je
dengeS|n| incelediler. Mevcut termoel ektrik mal
eneratorlerin i -ten yanmal é inirbelitlediler] Ravi adn (202 n e | Vo€
dereceli aték éeésé enerjisinin elde e
ger i kazanem yetenejini i ncel emi kIl e
dtc-imklinar &« aol mayan gel eneksel ésé de
, etkinlijini, éseé transfer hez
d.y(2020) a f i f eyeni pbi bi séaahkl éh kontr
onseptin rformanséné ve bunun ger
nl ar & ¢z eki et kisini araKtérméKI
ejine ihti duymadéjéené ve g enek
I mukl ardeéer . Karana ve Sahoo (2020)
in termoelektrik atélkkasaeejgemanakazamem
yoluyla ©°neml.i mi ktarda enerji kay di | [
nel masenén ateék éeésé geri kaKaméwméngn(R@apspnm
-keolk@ud maar eénda - al ékan hibrit el ektri kIl ar g
anmaséne i ncel emi k| e rbitiotomotivSegdnz semaealektdkm v d .
at°r¢sgneén -ekKi tl °zellikleriginendejsmral &méin
tiril mesini ger-eklexktirmiklerdir. Otomotiyv
taraf ésé ekanjo°r¢negn zayéf veri mKiml i i n e
altegenelbekt rtiek moenerat®r ¢n at ek ésé ger i I
enNIktléegredni rt.er moel ektri k jenerat®r¢n
mi nde ol-2d,uq udun ¢vkee Molv,8r i ml i I i ] ] &e Wka
Jini belirlemiklerdir.
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iterat¢re bakeldéjenda, turbokarjl é sist
r

n
anan bir termoelektrik jenerat®re ilikkin
s e

-al ekmamémb oxmadg d ,é i st
narak termoelektrik |
rjl e trakt°or¢n kompr

iril miktir. Bu ter moe ik jeneratoor si
ara sojutucuya giren havanén seécakl éejene
l e g°r¢l ¢r katké sajlamaktader.

ml erin kompres®r ¢inde
enerat®°r yardéméyl a
es°r ¢ i | er sistema soju
l ektr

°SD® DdDCDC O

rpceae n tipi termokupllarén kesit alanlaré ter
r etkiye sahip oldujundan, bu -al ékma kapsameér
'l anéménén araktéréelmasé °nemlidir.

N XOP> QS T<KI<ZT o0~
D e — <

TURBOKBAKRI LTIRAKT¥R| N TERMOELEKTRKK JENERAT¥R St

—
c

rbokarj |
sojutul ar a
-al ékmadahbi
termoel ekt

é sistemlerde, turbokar | sisteminin k
k motora g°nderil mekte ve byl ece mo

turbaktatiji® kompres®ry¢ il e ara sojutu
i to° S i

ri k jenera r st emi verl exktiril mickt:i
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enerjisinden elektrik g¢- -éekexder| dekaeamdi hanvktard
daha sojuk bir kekilde girmektedir. Bu durum, ar
etkileyecektir. Ayréca termoelektrik jenerat®©r
el ektri Rkt gp@g<nduyan dijer cihazlarée tarafeéendan
kull anél an termoel ektrik sojutuculu bir trakt?©
termoelektrik jenerat®r sisteminin g¢- -€ekéxkeéenda
| 87
t9aT®% | Caw. 1 EGZOs
DTwT aT[ T 4Lyl
— Yhat w9 { Tcw, Th [r—
A
Yhat wo{ Cw. Tt
4LYL L DTwT
A\ 4
TOwah9[ 9 T4¢9b !
WObow! ¢ > AR (hE! > MOTOR
{T{¢9a
kekiTlurlb.okar jl & Sistemdeki Séekékteéerél mék Havaneén
Sisteminin Konumunu G°steren Bl ok Di
¢al ekmada kull anéelan termoelektrik jenerator si ¢
gi bi |l i dWor ks programéndan yararl anél méxkteér (C

(a) (b)

kekiTlurdokarjl e Trakt?©

rde Kull anélan Ter moel ektr
Gor¢negmeg (b))

Kesit G°r¢gnegmeg (Gegrcan

Bu -al é&kmada, turbokarjl é bir trakt®r¢gn kompres?®
jenerat®r sisteminin farkleée boyuttaki Artueng, | | er i n
ve AnsysThermalE|l ect r i c proggr asmey ékal | amlédraalka kar kel ak
b¢eyekl ¢kt eki -1980.42.10 eft iTcGV i-199h628.00 ) (t &LGaIr | anan m
TGM-199162 . 0 (tasarl anaBumgd¢ ,impdrgékllei deedier mokupl s
di kkat elidiMmeédM-1991.é2n. 0 ti cari i modligll deki 1t9@Qr nmiok up | S
termoel ementi ni tgeemoklliejmenté n2b@cak wuzunlujudur.
jenerat®°r modg¢l ¢ anl aména gel mektedir.

kekil 26de CAD modeilk jgermsdareati®rens itsetrenmoien deekktir t er
sayeéseée 28 ol up, bu sayélehepelgektmodke Indedcdd emlyl
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kompres®°rden gel en secak havaya maruz bérakeéel mécx
Ter moel ektri k jenerat?or od¢l l erinin sojuk ve séc
jenerat®r modg¢ll erinde eIektrlk akéeme ¢retmekted
Termoel ektrik jenerat®r sistemine gireng/hsadvdameén
(Potur, 2009) . Kompres®°r i-in basén- arteck oran'
mmédir (Potur, 20009) . Yaz ve kék sécakl ék ?24%
amaceéeyla yedi farkBé @&8,o0L288m 8288akk8Bé&énaasg
yapél méxkteéer. Termoelektrlk jenerat?or Si st emi
benzemesi hem de ¢(zerine daha fazl a teerareIektrl
uzunluju 45 mm ol an d¢gzgeén sekizgen te®ohoel ekt ri
Ter moel e me ntTGM-19R%¥4=2i. t0 0d |I-& mé®o @ | ,TGM-1991.52 . 0 i - i n
0 ¢l ve TGM-199162 . 0 ®-i6n c® ¢ I oidr . Her é - mo d ¢ |
termoel ementin ab@cidkli ruzumMlyuj@ea hertipi yge ntiphod ¢ | de
termoel ementl erden ol ukan ter mokupl sayesé 1996d
Kanat-é&kl ar gi bi geni kKl etil mik y¢zaelkéd dleulelma h enl
veya dajétélBmaseedearelmd idiz . pl aka tipi kanat!l e
jenerat®°r mod¢ll erinde yaygén ol arak kull anél malk
mod¢l | eri nde kulklaannaétllaén ydaspze ypeél agk®as tteirpme kt edi r .
% \ Kanat
= ‘ Kal & )l
>
|
: l‘\ Kanat
; Ar al(zp
1 X
Taban\
\ﬂqup&.
S® / Uzunluk (L)
kekiDl¢z3.Pl aka Tipi Kanatl é& Bir Yapé (Is
Tabl o 1, termoel ektrik jenerat?©or mod¢ il I erinin ma
Tablol.Ter moel ektri k Jenerat®°r Mod¢ll erinde Kull
Mal zemel eri| dE® ® YE C+ Q7o+
Serami k (A 3720 880 25
Bizmut Telleryum 7700 544 15
Al ¢mi nyu 2719 871 202.4
Baker 8978 381 387.6
Termoelektrikf ener at °r sisteminin iki akék alané vardei

sécakl ékt aki hava ve Kkinci akek alané i se dék o
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3. MATEMATKKSEL MODELLEME

Termoel ektrik jenerat®°r mod¢l | egamidte &Klud hjamEed am,
yapéya sahip modg¢ller i-in bu kanatl é yapélareén
aral ejénéen belirl enmesi b¢e¢yek °nem takémaktadeéer
Kanatl e yapénén kanat sayéseé:
| 89

€ — 1)
Kanat verimi:

- (2)
burada,

Too— 3)
Kanat al ane

6 ¢0 o (4)
Toplam ésé transfer al ané:

0o ¢ 0 0a (5)
Kanatl & y¢zey veri mi

- P E—p - (6)
Toplam takénémla ésé transfer hézeé:

0 -6'QY Y @)
Zorl anmék takéném i-in d¢z pl aker -keaknlaetk-téikrlialrdein.

opti mum kagpl)atakaajaddgki (gi bi tanémlanmaktadér (Le

G Dog tYQ7oi 7 (8)
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burada,YQ —Reynol ds sayéseéeder.

|l sé takéném katsayésé:

N —T1H YT 017 (9)
|90

Sécak y¢zeyde emil en éseé:

0 €]"YO -OY 0"Y Y (20)

0 -Q6 Y Y (11)
burada,

L | (12)

Y o — — (13)

i (14)

p-tipivent i pi ter moel ementRl edAvelKekAoe r mak dad@r +-yb mr, ada
vek = kyt+kn (Lee, 2017).

Sojuk y¢zeyden verilen éseé:
0 &]°YO -0OY 0°Y “Y (15)
0 —-Qd Y 'Y (16)
Termoel ektrik jenerat°r mod¢l ¢ i -in elektrik ake
O a7
Toplam voltaj:

© ¢® &Y Y OY —— — (18)
Toplam elektrikselg - - é k é kK é:

w E£0Y 00 (19)

ve
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w & O Y OY (20)

Il sél veri m:
|91

- - (21)
Denklem (10)6dan (20)6ye kadar ol an ifadeler ku
akajedaki i (fea,@87)el de edil ir

- — (22)
burada,Y —— veZ dej er | i ki Kajt' SHhees201@)d ér (
Boyutsuz elektrik direnci:

Y — (23)
Etkin elektriksel diren- akajéedaki Kekil de ifade

n Z J (24)

Etkin Seed@&ck katsaye

o (25)
Etkin dejerlik katsayéseé:

§ - —— b (26)
burada- p Y'Y Carnot -evr i mi verimidir.

@ile birlikte etkin ésé iletkenlifiji Ku kKekil de t
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T — (27)
4. SI NIR KOkKkULLARI
Sécakl ek, t akénéem, EKEéném veya €sé akéesé gibi er
bir el ektri ksel -TherealEelr e cktorkiucl us i nm¢N SaYsSy o n u i -0 h92 ge
Ter mal Séneér kokulu idihenemmpetaktveksppokr g%
kull anél mékt érF | uBeun tn epdreonglrea nA nasnyasl i z i il e elde ed
sonl u el emanl ar yThermatErhiercd rd &y eplréo gAmanyw sanal i zi gel
eektri ksel sénér kokulwu i-in yareée iletken NONnin
el ektrik vol tAmsyseEl uggtul anmEkteEri-in akék alanl ar é
secakl ek kokul | araé, i-séek ébka sseenné rk okcoud wl uk ud Il aarn &l me
gestermektedir.
Tablo2.Gi ri k ve ¢ékék Séenér Kokull ar é.
Girik Séneér tekek Séneér
Kompres?©®r 27.31mls 408 K 120350 Pa

Sojuk Ha 5.162 m/s 268 K* 0 Pa

*Dek w&dakln ek dejerleri (268 K, 278 K, 283 K,
Termoel ektrik jenerat®or sistemi i ki akek al anénce
sécakl ekt aki sécak hava i ken, i ki nci akék al ane
havatdeekreé.k parametro®fiukolygrzal, ss@enkdogrintanaizndeAnsy s
el de edil miktir. Daha sonra bu par aheemtalElectrier , t er
analizinde kull anél mékteéer.

5. BULGULAR VE TARTI k MA

TGM-1991.42 . O (ticari-199b2¢0D) ,(ta&mMr | ananl99me2d: | ) vV e
(tasarl anan-Floeotdrg AnsysThermalElyesct ri ¢ yazeéel emlaré tar a

analizlerle karkeél aktéreéel mékl arder . Girik par ami
boyutlarda k i termoel ektrik jenEBracttri cmosliimileasynomu Ty
parametresi olarak da Ansfssl uent anali zinden el de edilen ortal
al eénméxkt ér . Vol taj dej er | ernminiinn cheoBauntsud adektriker |. e Kt r
direnci R) 0,75 ile 1,5 arasénda ol dujunda, el de ed
dijerlerine g°re daha y¢ksek ol duju g°r¢l megkter .
i-in (0, 75; 1; 1,25 ve 1yvbd) tfagar dleg¢ eddéreromtiamdsgd
edi | mMANSYSThermalE|l ect r i ¢ vazél éméneén anal i z sonu-1 a
mod¢l ¢snden el de edil mi ktir. Bu -al ékmada kull ané
termoelektrk mo d ¢ | bul unmaktadeér

kekil 4 far kl é dék ortam sécakl ekl arénda - al éxk
czerindeki etkisini, d°rt farkleé boyutsuz el ektr
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2700 3.2

2,600

2500 - TGM-199-14-2.0 3 --TGM-199-14-2.0
. iggg —4-TGM-199-15-2.0 . 28 —4-TGM-199-15-2.0
c” ~4-TGM-199-1.6-2.0 < 1199-1.6-
<m0 ~ ~-TGM-199-16-2.0
5 2100 g |93

2,000 24

1.900 )

1.800

1,700 2

260 270 280 290 300 310 260 270 280 200 300 310
Dék ortam sécakl éjé (K) Dék ortam sécakl éjé (K)
@Y ™ b)Y p
37 39
35 37
-8-TGM-199-1.4-2.0 ~+-TGM-199-14-2.0

S ¥ —4-TGM-199-1.5-2.0 S 3'5 =-TGM-199-1.5-2.0
- +~TONI91620 ¥ ~+-TGM-199-16-2.0
=29 £ 31
p 3

27 29

25 27

23 25

260 270 280 290 300 310 260 270 280 290 300 310
Dék ortam sécakléjé (K) Dék ortam sécakl éjée (K)
©Y pgL @Y pd
kekiFlar«.l € Boyutl ardaki Termoelektrik Jenerat?©

TGM-1991.4-2.0, TGM1991.52.0 ve TGM1991.62 . 0 modg¢ Il |l erinde artan de

karkél ek voltaj dejerlerinin dé«jterfi¢c ibled i daw nan tk
arasénda ters bir ilikki tespit edilmiktir (kek
bekl enen bir davranéckteéer . tcéenke el ektri ksel gé -
getirdrigmotedrekkkuvvetl erin artmasé anl aména gel mel
dek sécakléekta elde edilmiktir ve bunun tersi d ¢
TGM-1991.42 . 06 én voItajL991d5(2peerTlGM199162T(BMén voltaj dej
daha bg¢gy¢kt ¢-19916Ry 0®dEan VGMLt al991b2] 6b6hegP ré@GmMaha d
Ancak déek ortam s189d.8Xk0ve TGM1I¥1.62t. e0kdb-éan TvAOM t a | dejer
yakl akmékteérdckeki 8dia, Agbéca boyuvi9%iu2.0,8GMe kt r i k
1991.520veTGM199162 . 0 mod¢l Il erinin hepsinin voltaj dej
farkl e dék ortam sécakl éjeée i-in) (kekil 4a, 4b,
Sonu- celndarkdk ,k ghe kadar b¢gyeéek ol ursa, termokupl |
ol maktadér B1991d6A@r O mdhad E G nde, sécak ortam hava:
fazla éeésé aktarél mexkter. B°yl eclee Kotur inmkosdesll dgeedn- d-i ¢

edi Il miktir. Yani en y¢ ¢ksekldb2kbdod&kselldgecedi-leikek
vol t aj d e-1981.42e r0i6 dBGMI| de edi | mi-18%*1i42.0, TAKMIPA.B neden
20 ve TGM1991.62 . 0 read nliln sécak yézey sécakl ékl ar én
birbirinden farkl & ol masédér. Yani ayné -al ékma
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ésé rfikg-arféar kl @ b oy «199.4X%0 TGMDI91LF2.0eTTGWILIL . 6) i - i n
ayné dejildir.
6 . SONUCLAR
Bu sayeésal -al exma, .- farkl e bd9oud20aKEMla9er moel e
1520ve TGM199162. 0) i -in ger-eklextirilmiktir. Sonu-|

1) TGM-1991.42 . 0 bod 1t ay d e |-B9B1520ive TGHEM 62 . 06a g°r L7 da
yéksek bulunmuktur.

u

2) TGM-199162 . 06én voltalpPrldzjeoaegir d@aGiMaha de¢ekegktor
sécakl éje alogisep aem d1GU199IT6G@ M 0 mod¢l I erileni n vol
birbirine yakl akmaktader.

3) Boyutsuz el ektri k-196¢1.426nTGCM19%B1152.0 eekTGH19916-GM

2.00éen voltaj dejerleri de artméktér (yedi f&
TEKEKK] R
Yazarl ar , bu -aléxkmayé 2018FEBEO035 numaraleée pro
Pamukkal e lniversitesi, Bili msel Ar akt ér ma Pr
sunmaktadeér |l ar .
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Etkisinin Kncel enmesi

Do-. Dr . Emel ¢in-ik

'Erciyes !niversitesi Tekstil M¢hendi s
¥zebDenim kumaxkl ar ; genel likle pamuklu ipliklerden dok
ve sajlam bir kumakdayapdkiél deaj mr khhanalk&hé ve «kék g
mal zemesi yapmakt a, bu nedenle denim giyim par-alaré
-ok farklé ¢r¢e¢nde genik bir kull aeBEemngkbphzdekuomasdhn
yerine °rme teknolojisi kull anéelarak ¢retilen bir kun
haline getiril mesi sayesinde; dokuma denim ¢retimin
ol udtmarku adeéer ¥rme denim kumakl ar genel l i kle daha he
aylarénda giyildijinde daha serin, rahat ve konforlu
deni mden daha esnek, y udraurk,a kv &vceu dda® kdbarH g iojiduky amé s a
hareket]|l i aktivitelerde konfor sunabilen bir alterna
giyimde, spor giyimde ve rahat +arcalkagpoypehameeyenBkr
avantalaré y°n¢g yané séra; °rme denim kumakl ar ; hem i
i pliklerden olukturul malaré sebebiyle dokuma denim Kk
negatif Rtetébiimdkejamacéeyla bu -alékmada °rme denim
estetik g°r¢negm ©°zelliklerini gel i ktirecek kapl ama it
Viskon, Bambu, Tencel, Modal, Modal/Pamuk, Polyestdr ma k izer e 7 farkl é hamma
numaral arénda ve °rme kokull arénda ¢retilmik °rme kum
hammaddeyl e kaplama ikl emleri benzer kokul dlaenlaée ku,y g u
patl ama mukavemet. ve ye¢ksekl i czellikler:i standar
i statisti ksel paket program yardeéemeé il e dejerlendir
berakeéel madan © nacnenkéik hhaallldeerkii i°lzee Ikla pkll er i kéyasl anmeéecxk,
kokullare tespit edil miktir.

Anahtar Kelimeler:¥ r me Deni m Kumack, Kapl ama, Akrilik, Pol i ¢ret e

I nvestégatéon of the EffecOs theF&SbeenfyvyhePaonge€Cbats
Fabr écs

Abstract: Denim fabrics are generally a type of fabric produced through weaving cotton threads, characterized
by a tight texture, durability, and strength. The durability, comfort, and stylish appeaddmtenim fabric make

it a popular clothing material, hence denim clothing pieces have a wide range of uses including pants, skirts,
jackets, shirts, dresses, and many other different products. The term knitted denim refers to a type of fabric
produced umg knitting technology instead of traditional woven denim fabric. These types of fabrics are usually
created faster and more economically compared to woven denim production, thanks to the looping of threads.
Knitted denim fabrics tend to be lighter andhoaffer a cooler, more comfortable experience when worn in the
summer months. Due to being more flexible, soft, and draping than woven denim, these fabrics provide better
conformity to the body, offering a comfortable alternative for active movements,thegare popular especially

among those who prefer casual wear, sportswear, and comfortable styles, as well as in baby and children's
clothing. In addition to many advantages, knitted denim fabrics are generally less resistant compared to woven
denim falbics due to their looghased structures and being made from less twisted yarns. In order to improve this
negative characteristic and enhance the aesthetic appearance properties, coating processes have been applied in
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this study to contribute to the strehgif knitted denim fabrics. Knitted fabrics were produced under the same yarn
numbers and knitting conditions with 7 different raw materials including Cotton, Viscose, Bamboo, Tencel, Modal,
Modal/Cotton, Polyester with twply knitting systems, and coatiprocesses with three different raw materials
namely polyurethane, acrylic, polyurethane/acrdimsed were applied under similar conditions. The properties

of the obtained fabrics such as weight, thickness, bursting strength, and height were detesimmnethndard

test methods, and the results obtained were evaluated using statistical package program. Moreover, the properties
of the fabrics before and after the coating process were compared, and the production conditions providing ifbe7
highest strengtlwere determined.

Keywords:Knitted Denim Fabrics, Coating, Acrylic, Polyurethane, Modal, Bamboo, Viscose

1. GKRKK

Denim ya da kot kumak ol arak tabir edil-mami kumack
tonl arénda) b oy aparaukiu igliklekden gengllikié dimi debeadgleksné& zoluyla

cretilen, sékeée bir dokuya sahip, dayanékl e ve s
dayanékl el éeje, rahatl éjée ve Kék g°re¢negmgenimonu po
giyim par-alar e pantolond etej e, ceketten g°nm
kull aném yel pazesine ahlptlr. Buna karkeén, bu
yumukakl ek ve v¢gcuda uyum assahjptirle(nfaa ubla, k é2ndeinsd;a n¢ edre-z
¥rme denim teri mi i se; gel eneksel dokuma deni m Kk

bir kumak t ¢r ¢ rKa mafk@&de betyrhek tasmckil mas eén ékendme deni |,
hasrengiolah ndi go r engi nd e kilmeklepelvérilendesanin dokutndini tlesepire v e

sahi p oGemaesléeldiekl.e i ki ve ¢- diplikli ©°rme sistemi
bir séra renksiz iplikle olukturulan askée ve at/l
°zellijine g°re, iPkinciebiérmedlake, a¢ehamasiuzurneélki
olacak bi-imde ol abil mektedir. B°yl ece aské ile
di yagonal -izgiler dokuma kumakt aki di mi dese
Gokerneshg?201QMar mar al & 0Oelt7 ;alDej i r menci, 2013) .

Bu t¢r kumakl arén dokuma denim kumaklarl a keéeyas
kumakl|l ara keyasla avantajlée ve dezDidaretralf2035] € y° nl

Jamshaicet al.,2020;Sheikhetal., 20190 Bu t ¢r kumaxk!l ar, i pliklerin ilm
dokuma denim ¢retimine g°re genellikle daha héz
denim kumaxkl ar genelli kle dahalhatkilfrioyma yazl
giyildijinde daha serin, r ah abokumadehinodaenfdaha ésoek,bi r d
y umuk ak vV e d° k ¢ ml ¢ ol dukl aréndan, vecuda daha
aktivitelerde konfor sunabilen bir altemt i f ol arak tercih edil mektedi:r
gi yi mde, spor giyimde ve rahat t a-rozd uakr &€ g ibyeinminmms
pop¢l erdir.

Bu t ¢r kumaKIarén perfor mans vV e konforr °zelli
kull anél abil mekt e vV e farkl e cretim parametr el
parametrelerln °rme denim kumakl!l ar én fizi ksel ,
bir-ok -alékma da I|iteratg¢Ddei ymenal &dakriaietd ¢ r 2 Q Dé
al ., 201 4; Dejirmenci &¢el iDke,j i 2r0mledn;c i Xélleal et dieg n c2i0& ¢7e
2018; Kumar et al., 2022Hoquelet al., 2022, . B¢eten bu -al ékmal arén son
°©zell ikl erlian -hhanmngaedrdeek Ilvie o, retim parametreleri t
Bir-okjlgapt ygané sér a; °rme denim kumaxkl ar, he

kuvvetl ere karké bowyeut |ha éd@h&koany dbpapamkica i pl ik
sebebiyled o k uma deni m kaknEarknaayraa kkaérykaés ldaaha diren-si z
kal dékl aré kuvvetlere de dmkavemeasizdilerniBnu kuwzned k liakrl a
deji ktirebil me ve geliktirebil mak denim %Xumacxlidan
uygul anan kaplama ikl eminin uygulanmasé uygun ol
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Kaplama ikl eminde; pol i mer karéekémlaréndan haze
yontemlerl e k umaKk yézeyine s¢éerél mektig, e dahkd en
tamaml anmaktader . Fi kse i klemiyle kimyasal ma d d e
kumakl a bajlanmasé sajlanmaktadeéer (Bulut &S¢l ar,
Kut & G¢neko] | u, M2tkowic® Skeridleril20ld , v20Hd@kuma deni m Kkuma
& T°Il ek, 2016, Kel én-kaya, 2017, I stentaj, 2018)
ve kumak parametrelerinin dejerlendirildifji [|9Bal
kumaard akapl anmhagl amakpmaametrelerinin ele alénd
Hem | iteratg¢rdeki bu bokluju doldurmak hem de ©°
bu te¢r kumaxkl arén kapl ama a kg eermienkel enxatriurzi |bn@irkatkiérl

Bu dojrul tudaayme -igllédxkmbaak)ad/iskon, Bambuy dencel, Modal,

Modal / Pamuk, Polyester obmakilmekevokit @ixkli i@ Ihik e
sistemiyl e Sabitmad akcoakku | B iam@enmdiem kumakl!l ar creti |l mi
kumaxk!| ara polig¢retan, akrilik, poli¢retan/ akrildi
kokul | ar da HRilydgeu | eadniméegnr @aknuania, K | kaarléénn | e k , p altiljaima mt
°zel hi kbetirl emek asamanédgth kKetmeslyaderiaemlyguil animek
onucunda ortaya tistikdelgpaketpregrabfae d é BIBES S| estdaj er |l end
a
y

S

hammadde ve kaplama te¢grlerinin kumak °zell ikl eri
Ayr éca; kumakl ar én kapl ama i KI emi ne mar uz béer a
©zel |l ikl eren kyécykassel ka nnmekka,ve meti sajlayan ¢retim Kk
2. MATERYAL METOD

2.1. Materyal

tal eékma kapsaménda °rme denim kumak ¢ret mek ama
konusu °rme sisteminde di mdeladvers¥el@0iPanaie]30/larnk@a bi | me k

ring iplifji, arka y¢zde i se a-ék renkte ayne ipl
Modal / Pamuk, Polyester vortex triko iplikler kul
1 6 d e mekeedirg |
Tablol.Kumaké olukturan iplik ©°zell ikl
| st Vortex Alt Kplikler
E E
T O B © = % o c ’,5%
Kalite ¥z{ &c E 2 3 = L % B3
o < g © o 2 =
S - m = = o > S
o g
>
o o
U % 9,26 11,09 | 9,07 11,22 10,5 8,68 10,37 10,23
cVm % 11,5 13,98 | 11,43 | 14,14 | 1327 | 10,92 | 13,21 12,9
3,84 4,08 4,63 4,54 4,16 3,73 4,82 4,06

H Teyl el ¢
Uzama (%) 5,51 10,46 5,62 6,82 5,12 10,01 8,47 6,62

RKM Mukavemet | 2263 | 146 | 1853 | 17,75 | 1345 | 2882 | 1354 | 16,02

Kopma Kuwetigf | 4455 | 287,5 | 3648 | 3944 | 2647 | 5644 | 2666 | 3154

Kn c e-50/%km 1,27 21,7 0 26,7 0,8 0,8 3,3 8,3
Kal en yer 0 15,8 6,7 18,3 28,3 2,5 81,7 15,8
Neps+200 % km 7 7.5 10,8 8,3 35 1,7 50 30

S°z konusu ipliklerk;ekiiki liapldibk §°°rhrgd eshiestt emipmd el n ¢
il mek yapeélan te&tbkémalpwpapanstiiplsé&rabhakae alt i
getirillsmi dtpilri.kl erl e birli kt4e0 ylhgpreya elsaaetkdn kb &=l
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lb)denim deseni (kekil lc) ol ukturul muktur. ret
0. 32cm, al t i pli l erin ilmek wuzunluju O0.16cm ol
sérasénda kolaylek sajlanmasexkt®amémeamadanesphdEkh
kumakl ar kull aném amacéna uygun ol arak séraseéeyl a
geardimi kBdgtregn bu ikl emler sonrasénda kumakl ara ait

|99
keki¥lr mMe. Deni m Kumawe@P rQlnuknigur ul mas é

c)

Tablo2.MamulKu ma k| ar én KKk | eematl¥ma dlekaveme¥ a glerks a |

Kl mek Seék _| Gramaj Patlamg Patlama
Numune b KI me k 2yo Kal e (g/ n Muk. | Y¢ks
serallcubuk| (Imekem? | (mm) (kPa) | (mm)
Viskon 22 12 252 0,66 165 159 41
Bambu 21 13 273 0,66 169 164 43
PES 22 11,5 252 0,66 171 220 44
[Modal 20 13 260 0,64 170 176 43
Pamuk 22 12 252 0,69 167 185 41
[Modal/Pamuk 21 11,8 247 0,67 167 184 42
Tencel 21 12 252 0,70 179 204 45
El de edilen kumakl arén ¢zerindekiygjarsadk gnc gnandaded
yeékama i k| ermikn e dtashbai stountrual ser besbtnohapaeki kuetuanl
poli¢retan/ akrihikikeaepktlhlonéd Bagldemar kar ékémée (Tat
Kapl ama kar ékémlar eénda; bi nder ol arak polig¢retan
dijer maddel er sabit tutul muktur. Kar ékeéemlara e
eklerer ek kapl ama karékéméenénbOdgas karakeaynrir hab Bk g
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Tablo3.Kapl ama Maddel eri ni Olukturan Ki my:
Poli¢ret Akrilik Poli ¢retan/
Ki myasal - - :
Ada Mi k't Ada Mi k't Ada Mi k't
(9/kg) (97kg) (97kg)
RucoCoat PU 326 100
Binder RucoCoatPU| 200 | RueCoat | 200 1200
RucoCoat AC 282 100
¢tapraz Balj RucoCoat FX 8011 5-10
Kepe¢k Kesi RucoCoat DA 3000 5
pH Ayarl ay Amonyak pH:8-8,5
Kévaml akt 8 RucoCoat TH5020 V;sl;ozng
2.2. Metot
Kapl ama i kKl emi uygul aneéerken be-akla kaplama y°
cihazéenda kaplama oger-eklexktirilirken be-ak kur
Kapl ama iklemi |ondadv®nmdd uvmumunei ramfPzde 140UC
1 dakika fikse iklemine tabi tutul ar ak, kapl ame
Kapl ama i kK| e mi uygul anmaméek kumaxkl ar da vyalnezc«
kumaxk!| arén kapl anmaméexk fi ksel: ol anl arl a karkél a
Kkl em g°r m¢Kk ve fikseld. numunel er Standart at

numunelerinimeks at ér v e - TSPENK49&12006 € & h d a € dT6S ,EN g2dZatesta j €

standar de&S 71R& ENIRQ 50846e s t standardeée, patl al@f8& mukayv
139382:1999t e s t standardé esas al énarak tespit edi |
mukavemet ©°zelliklerini dejerl endirmek amacéyl a
Trubur st ci’h@aszéndcdd ang3dkml | andlsar akesdédre+ ekl eskotniur-
i statisti ksel paket programénda iki y°nl ¢ ANOVA

3 | BULGULAR VE TARTI k MA

3.1. Yapeésal ¥zellikler
Tablo 46te fikse iklemi ve 3 farklée Bradefke-kbarg
sekl ekl arée, il mek yojunluju, gramaj ve kal énl ék
Tablo4.Numunel erin Yapésal ¥zellikleri
Kl me :
Numune |9 EL1E (Iﬁ%?/fgé) o iy
Séraftubuk
\Viskon 29 14 406 0,768 190,9
Bambu 29 16 464 0,790 217,4
PES 31 14 434 0,790 234,4
Fikse IModal 27 15 405 0,771 2428
Pamuk 29 14 406 0,859 191,8
IModal+Pamuk] 28 15 420 0,795 2239
Tencel 29 16 464 0,808 198,8
\Viskon 25 15 375 0,780 190,3
Pol i ¢r et |Bambu 25 15 375 0,789 203,1
PES 27 15 405 0,777 202,1
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K1l me ;
wne [SELE k1 mek | el en ! T
rajftubuk
[Modal 25 15 375 0,796 203,6
Pamuk 23 14,5 3335 0,806 206,7
IModal+Pamuk 25 15 375 0,796 198,7 | 101
Tencel 25 14,5 362,5 0,806 202,2
\Viskon 26 14 364 0,782 202,3
Bambu 27 15 405 0,770 191,8
PES 27 14 378 0,776 2105
Akrilik [Modal 27 15 405 0,785 203,4
Pamuk 27 14 378 0,858 204,8
IModal+Pamuk] 25 15 375 0,813 202,9
Tencel 27 14 378 0,822 211,1
\Viskon 24 15 360 0,762 178,9
Bambu 25 15 375 0,766 200,9
PES 27 15 405 0,755 209,3
Pol i ¢r et |Modal 25 14 350 0,770 208,4
Pamuk 24 14 336 0,834 197,4
IModal+Pamuk] 25 15 375 0,814 199,6
Tencel 26 14 364 0,810 207,7
3.1.1.Gramaj
Numunel erin gr amaj °czel li7Ji i -1in i ki yenl ¢ val
Numunel erin gramaj éndaki dejikimin %82, 46¢, se-il
il e kaplama te¢regnegn i kil ietetekioll akiaki bgrd a md jedchani &n

Tablo5.Gr a ma | [

¢i ft

YO nl

Varyans

- n é
Dependent Variable: GRAMAJ

Source Sum of Squares| df | Mean Square F Sig. | Partial Eta Squared
Corrected Model 23506,934 27 870,627 19,421 ,000 ,824
Intercept 5892170,592 | 1 5892170,59 | 131433,47( ,000 ,999
IPLIKHAMMADDESI 8222,765 6 1370,461 30,570 ,000 ,621
KAPLAMATURU 4569,428 3 1523,143 33,976 ,000 476
’I*PII(_/I-\l;T':'l\\A/IX'?BRDESI 10714742 | 18| 595263 | 13278 | ,000 681
Error 5020,967 112 44,830
Total 5920698,494 | 140
Corrected Total 28527,902 | 139

a. R Squared = ,824 (Adjusted R Squared =,782)

An
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Farkle iplik hammaddesi ve kaplama tg¢régyle numun
bazé istisnalar haricinde, kapl anmék kumakl ar én
ol duju g°re¢l mektedir. K aopkl ual mhaa rwea fkiukmsaek €ink Igeemiinie
fikseldi kumakl!| arén | ikranén etkisiyle kendisini
maddesi ol dujundan toplanma ol madéjeée i-in daha
yojunl uljar idredenm bu g°r ¢l mektedir. Bu durumun, ka|
rajmen daha d¢k¢k gramajlara neden ol duju d¢K@n¢
numunel ere (Tablo 2) g°re kaplanméxk |llemmakltamén ¢a
el e alénan 1if ©°zellikIleri birbirine yakeén ol mas
raj men, fikse ve kaplamada uygul anan gerili me v
kaynakl e dejmakdaelres kamll&m@& sonucu farkI é I i f t ¢
a-ékl anamaméext ér
kekiNlumu.nel erin Gr amaj Dej i ki mi
Estimated Marginal Means of GRAMAJ
250,00 IPLIKHAMMADDESI
W PAMUK
g oo B
2 EMCDAL
B 15000 M TENCEL
= ' BEFPOLYESTER
g B MODALPAMUK
%100,00
+
E
B 50,00
L
® FIKSE AKRILIK POLIURETAN  POLIURETANAKRILIK
KAPLAMATURU
312Kal enl ék
Numunel erin kalénleéek ©°zellifji i -in istatistik ar
Tabl o 66da veril mektedir. Gor¢ldegl ¢ gibi; se-ile
a-eéklanabil mi k, i pl ek kHemmaddaéender ¢ kapl ambéenlr ¢
sonucuna varél mexkter. Bu dur umtknu,malka mlraarha jiexnldeami\
geriliminde -alékélmaséndan kaynakl é& ol duju d¢kyg
lehomojen ve ek bi-imde kapl ama i kKl emi uygul anabi
Tablo6.Kal énl ek i-in Kki Y°nl ¢, Varyans A
Dependent Variable: KALINLIK
Source Sum of Squares| df | Mean Square F Sig. | Partial Eta Squared
Corrected Model ;087 27 ,003 6,508 | ,000 ,611
Intercept 88,366 1 88,366 1774568 | ,000 ,999
IPLIKHAMMADDESI ,065 6 ,011 21,814 | ,000 ,539
KAPLAMATURU ,002 3 ,001 1,289 | ,282 ,033
IPLIKHAMMADDESI
* KAPLAMATURLU ,020 18 ,001 2,276 | ,005 ,268
Error ,056 112 ,000
Total 88,509 140
Corrected Total ,143 139
R Squared = ,611 (Adjusted R Squared =,517)
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kekil 36te -aléekmadaki numunel erin kaléenl ékl ar én
gesterilmektedir. Téem numunel efriiknsekaveenk &pleamany
sonrasénda i Kl emler ©°ncéekstiérhalGeerreikn ep agrearfei n( Tsa’bkl nt
yékama i kKl emi sérasénda kumakl arda meydana gel e
yapéya eklenen kaplama maddesinin buna neden ol d
i Kl eml mr knimaktagrda benzer sonu-1lar olukturduju
Pamuk, Tencel ve Modal/ Pamuk | iflerinden ¢r ell03l e
s°yl enebil mektedir.
Estimated Marginal Means of KALINLIK

e IPLIKHAMMADDESI

") P AMUK

s & W EAMBU

2 WVISKON

E = ='T'AEONE(]3’GI\ELL

2 ErOLYESTER

= W MODALPAMUK

- 40

|

£

8 20

i

* FIKSE AKRILIK POLIURETAN POLIURETANAKRILIK
KAPLAMATURU

kekiNlumunel erin Kaleénl é&k Deji ki mi

3.2. Palama Mukavemeti

Numunel erin patlama mukavemeti verilerinin istat
Tablo 7 6 d e sunul muktur . Kumakl!| ar én patl| ama mukave
etkilendiji, dijer f a@lath®ar g Ky &k etl ldiulj aak igrirrg | eantekkit s
kekil 4 esas aléendéjénda; fikseli ve kapl amal & h
buna karkén iklem g°rmemik numunel erin patl ama |
katéendan fagé¢lat idlediejrie gy°irke | mekt edi r . Farkle kap
dejerl eri el de edil medi]i; ama poli¢retan kapl é
ol duju tespit edilmiktir. Far kl @& hadimjaiddiet i n ki al
sonu-1|ar el de edil diji dée¢kenegl mektedir . Fi ksel i
kapl amal @ kumakl arda da Tencel lifi i1il1le sajlande
Tablo 7. Patlama Mukavemeti - kn K°nl ¢ Varyans Anali zi
Dependent Variable: PATLAMAMUKAVEMETI

Source Sum of Squares | df | Mean Square F Sig. | Partial Eta Squared

Corrected Model 114989,828 | 27 | 4258,882 2,944 | ,000 415

Intercept 61238761,513 | 1 | 61238761,513 42338,2| ,000 ,997

IPLIKHAMMADDESI 68305,502 6 11384,250 | 7,871 | ,000 ,297

KAPLAMATURU 12837,973 3 4279,324 2,959 | ,035 ,073

:fkgf_';ﬁ“ﬁ'}"ﬁgg'zs' i 33846,348 18 1880,353 1,300 | ,201 173

Error 161998,984 112 1446,420

Total 61515750,320 | 140

Corrected Total 276988,807 139

a. R Squared = ,415 (Adjusted R Squared =,274)
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k e k iNumu#delerinPatlama Mukavemebb e J i K i mi

Estimated Marginal Means of PATLAMAMUKAVEMETI
500,00 IPLIKHAMMADDESI
W FAMUK
® WsAMBU
§ 600,00 WVISKON
= EMoODAL
= B TENCEL |]_04
£ BWPCLYESTER
2 10000 B MODALPAMUK
3
&
£ 200,00
2
L
” FIKSE AKRILIK POLIURETAN POLIURETANAKRILIK
3. Patlama Y¢ksekl ifi
atlama y¢kseklijJi °zellifji i -in yapeélan i ki y©°n
) patlama y¢kseklijinde en et kild parametreni
%62 4) ve bu faktorl eri hmiedtkiirl.ekxkBetnlani zhkd?
(,ksekl i jindeki deji kimin %83, 76sinin a-éeklanabi
Tablo 8. PatlamaY ¢ k s eik-liirf iKki Y°nl ¢ Varyans Anal |
Dependent Variable: PATLAMAYUKSEKLIGI
Source Sum of Squares| df | Mean Square F Sig. | Partial Eta Squared
Corrected Model 103,246 27 3,824 21,236 | ,000 ,837
Intercept 22618,716 1 | 22618,716 | 125609,7| ,000 ,999
IPLIKHAMMADDESI 33,484 6 5,581 30,992 | ,000 ,624
KAPLAMATURU 59,666 3 19,889 110,449 | ,000 747
IPLIKHAMMADDESI 10,096 18 ,561 3,115 |,000 ,334
* KAPLAMATURU
Error 20,168 112 ,180
Total 22742,130 | 140
Corrected Total 123,414 139
a. R Squared = ,837 (Adjusted R Squared =,797)
atlama y¢ksekliji ayné zamanda kuvvet et kisi al
il gi verdiiji i -in, kapl ama il e torbalanma ejil:i
°©z¢l medi Ji konusunda da laérekdjagyEdcamodaa&néa . d.
Tabl o 2) i Kl emsi z k umak patl ama yg¢ksledmmi Ji nin
eviyelerine de¢gker el ded ¢, i Kl emlerl e kumaxkl ar én
el irl enmakti mumaellaerin patlama y¢kseklijinin |
e polig¢retan/akrili k karekémlarla akrilik kar éx
|l de edil diji tespit edil mi ktiirr . selpglri kelhemmradden
atlama y¢kseklijinin kaplamal é kumaxkl arda gene
Or sl mekt g
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kekiNNunmunel erin Hammadde Ra&t Kampd abak &k lpinjei G° r

Estimated Marginal Means of PATLAMAYUKSEKLIGI
15,00 IPLIKHAMMADDESI
EPAMUK

7] W EAMBU

§ WVISKON

= o EmoDAL

= ' M TEMCEL |105

£ B POLYESTER

%‘ W MODALPAMUK

3

% 5,00

E

+

(7]

o FIKSE AKRILIK POLIURETAMN  POLIURETAMAKRILIK
KAPLAMATURU

4. SONUC¢
¥r me denilmr &nmdu zi ksel o zelliklerinin vV e pat |
dejerlendirildifji deneysel -al éeékma sonucunda; f
gramaj éneén, kal énl eéjJ énén ve patl amaa zmaulktaévledreejtdé nti
edi |l mi ktir Farkl e kaplama iklemleriyle benzer Kk

bazl & kaplamalarla nispeten daha y¢ksek patl am

karkésénda uzamamag° isltee rteonr bveel &krmarha cgei luiz ak umak hat e
kumakl aréen patlama y¢ksekliJinin kaplama i kIl eml e
Poli¢retan/ Akrili k karékémlé kapl ama mandadkell aerr i y |
el de edil dijJi goer ¢l megkt gr .

En y¢ksek patlama mukavemetinin Polig¢gretan kapl a
patl ama y¢kseklijinin ise Polig¢gretan/ Akrilik kap
Her i kki beizrdlilkit e de¢kegnegl degj ¢nde; Poli¢retan kapl
kumakl arén tercih edilebildifi belirl enmiktir.
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S°zl ¢4 Sunum
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Gel eneksel ve Doj al Perlitli-DBath&w riéll enaB@&n a
KIl'i kkisinin Araxkteéreéel masé
Ar akt ér mac é ! RwoffDa Hakan Falctner'k Do-.Dr. Atil,a Kumbas:
Do-.Dr. Yaka&r kAwGar. AhmetArkkh.s@nr .TuAlapner ¢el i
Erzincan Binali Yéldérém | niversite
ZKn°n¢ 1 niversitesi
SAnkara | niversitesi
*Corresponding author: Ronahi Ertac
¥ze®el eneksel beton ¢retiminde maliyetlerin y¢gksek
alternatif mal zeme arayéxklaréna y°nl endietomun them r . Bu
mal zeme mekani k ©°zellikIlerini iyilexktirmek, hem de e
literate¢r incelendijinde betona farkl @ haci msel oranl
plastik fiber gibimalzene | er ekl enerek veya beton bilekeninde yer &
hafif, s¢rdereglebilir, ekonomi k mal zemel er kull anel
incelenmiktir. Donat é diolnat basa&yir lairmsiésnidaket amlebansén-

go°m¢l me derinlifji, beton bokluk yapéesé gibi bir-ok f
dayanéména ve 2.0 mm ve 4.0 mm pas payéna sahabp topl ¢
e p

perl it agregas ile ¢retilerek, beton séneéf e, as pay
aderansd onat &€ séyreél maseé ilikkisine etkisinin arakterel m
beton veitoihéeé peetilen betonlarén beton basén- dayal
aderans dayanéméneén iyilexktiril mesi bekl enmektedir.

Anahtar Kelimeler:Aderansbonat & Séyr él masé KIlikkisi, ¢tekme Deneyi,

Investigation ofthe BondReinforcement Slip Relationship Between Conventional and Natural Perlite
Concrete and Reinforcement Bar

Abstract: The high costs and environmental damage in conventional concrete production have led researchers to
search for alternative materialsThe aim of the studies carried out in this context is to improve the material
mechanical properties of concrete and to progressive economical products. When the existing literature is
examined; the changing material mechanical properties of concretebeaveexamined by adding materials such

as fly ash, blast furnace slag, waste rubber, steel wire and plastic fiber in different volumetric ratios to concrete
or by using light, sustainable and economical materials such as natural perlite instead of tmaleggregate

in the concrete ingredient. The bereinforcement slip relationship between reinforcement bar and concrete
depends on many factors such as concrete compression level, bar diameter, embedment depth, and concrete void
structure. In this stugl it was aimed to investigate the effect of concrete compression level, concrete cover and
perlite usage parameters on the beneihforcement slip relationship between reinforcement bar and concrete by
producing a total of 24 cube samples with 20 MPa 46dviPa compressive strength and 2.0 mm and 4.0 mm
concrete cover using conventional aggregate and natural perlite aggregate. From the research to be conducted;
it is expected that the bond strength of conventional concrete and natural perlite concréte wiproved by
increasing the concrete compressive strength and concrete cover parameters.

Keywords:BondReinforcement Slip Relationship, R@ut Test, Natural Perlite Aggregate.
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1. GKRKKEk
Gel eneksel beton yapél ar é& alnent uyrearni ncee rdeo jvad / vpeeyr:
kull anémé, yeni nesil yapélar i-in olasé bir alt
per |l it agregasé kullanéména y°nelik hen¢gz bir S
bet onngerimel@i r i m kKekil dejiktirme ilikkisi de derir
araséndaki yék aktaréemé mekani zmaséneée et ki e '81i
dayadématé séeyreéel mase |ana|k|$1|y|g|umam:ed:|arlke||hﬂn|a$né,n
gerekliliktir (Yalciner ve Kumbasaroglu, 2022).
Donaté ile beton araséndaki aderans kaybée nedeni
yakl akék %45 oranénda et kdinlvd,d2019 . ( Deozleany €ég € y IMa ,e h
performansé di kkate alénmadan tasarl anan yapeésal
Aderans performanseé, betonun -ekme ve basén- da
beton i-erisindeki a%kmPIlrd ewzurblagl egliebi. Dewmigt lvie
¢i mentolu Kompozitler ile donaté -ubuklaré ar a:
arakter mak i -in dejiken g°m¢l ¢ wuzunluklarl a di
mukavemetie r i jitlijin séraséyla %60 ve %90 oranl ar e
(2022) -eki tli keséetl amal arl a eksantrik - ek me
mukavemetini art-payadreé¢ @ ndowvatcdh éd @wprcplamad ridaga ni 0
Bu konudaki araktérmal ar ajeéerl éekle olarak -exit
g°mme boyuna sahip donateé -ubuju yerlextirilere
(Hamad vd., 2017; Lv d . 2023, Shar ma vd. , 2019; Liu-vd., 2
payl aré a-éeéséndan, eksantrik -ekme kKkeklinde y¢r ¢
pl anlanan kuvvet ve/veya depleq aderans pebdanzahsdestikder ma Kk é
seklekla g°zden ka-éréel maktadeér (Liu vd., 2024).
Bu -al ékmada, gel eneksel betona alternatif ol abi
perfor mansé, beton i-erisindehkRibag8eapt ¢dappaymé m& g
seviyelerine bajlé olarak, eksantrik -ekme test]
2. MATERYAL VE Y¥NTEM
2.1. Materyal
211. Numune tasar éme
Numune boyut u, numunenin mekani k ©°zellikIler:i i Z
numune boyutunun se-il mesi ver.i anal i zi i -in ©°r
tasaréeménda kull anéel mak ¢(zmaséndae2@nbMPapev éodMa
dayanéméena sahip toplam 24 adet numune 306er adet
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’ GEKME DENEYLERI IGIN KUP NUMUNELER J

l

r - 1

GELENEKSEL BETON J ‘ PERLIT KULLANILARAK URETILEN BETON J
| 109
| S 7 | 2 P | = = | ,
fck = 25 MPa J ’ fck = 40 MPa J fck = 25 MPa J fck = 40 MPa J
c=2cm I ‘ c=4dcm J c=2cm J ’ c=dcm
k e k iThsartanan numuneler
kekil 26de g°sterildiji gibi, beton k¢p numunel e
vedd0mmpapayéna g°re eksantrik donaté -ubuju yerle
boyutunda tasarl anméxter.
Kesit ve donati detayi Donati ggmme boyu detay1
_ — Betonarme donatis1
[10 — ﬁ 40 mm
014 T L .
e, ©
- = gy
(@) 0| » 150
kekiTlaszaorl anan numunenin g°r¢néke; (a) kesit ve
21.2. Mal zeme ©°zell ikl eri
¢tal ekmada CEM | 42.5 R tipi portland -imentosu Kk
Deneysel numune betonlarénén ¢retiminde kaba agr
kokenl:i kérma tak (°zgg¢l ajérl ék; 2, 6nemvg2/4%L m3) , [
mm) doj al dere kumu (°zgg¢l ajerl eje,; 2,64 g/cm3)
sahip doj al perl it agregaseé ile ¢retilmicktir. El
i nce agregalarenasé ndal hadéemekem&sd® s$om agrega Vv
karékém agregasé TS 802 (2016) standardéna g°re
3, agregalarén grang¢l ometri e]risinl ve sénér e]
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100 =
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——Al6 |110

Passing (%)

30 —
20 e

10 L

Sieve size (mm)

kekiKlar®amémran¢gl ometri ejrisi
22.Y°nt em
2.2.1. Deneysel Numunelerin Aderans Boyu

| mas model i i -1 n; Sezen ve S

Genel aderand onat € seéyr é e

eéyrél mase nedeniyl e bed®jnrau mea rerhiem
e )

u

ol arak -ubuk s
ve hesaplama verimlild@i [ nedeniyle beni msenmi«kt
donaté -ubujun ve bu -ubujun ankraj b°l gesind
daj el emené g°ster mekt ediFReksenBlku etinig Bengesi Debkieem ¢1p vy ¢ z
ol arak yazélabilir:

F
$14 Jonat cubugunun beton T Birim deformasyon
yiizeyindeki stury A Aderans gerilmesi Donat1 gerilmesi dagilum
\ B
f Es N
W ) Iy
2 ] G *
=
]
60
g
il :
]
E
£ Ho
E
Yiikiin sifir noktasi
e v
14 donati cubugumun ankraj l l
yapilmayan alt ucundaki sifir - ™ | |

birim deformasyon noktasi

kekiCle kdd@kar ma test. Kemati k model i (Zhan
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0 M Q. 6 Qe (1)

BuradaQd onat edaki g eroinlamed d aufbe®] %p,mduann aatléa n-éybuj unun

0  elastik a ve elastik olmayand aderans boyunc®- e k me kuvvetini dengel
gerilmesidir. |111
Deneysel numunel erin toplam ader anésk abeosderinimher bi r

tasaréeménda sabit 50,00 mm g°mme boyu ol arak ©n
aderans boyu, elastik aderans bogwu ile elastik olmayan aderans boyunéen t opl amé ol ar ak

edi |l mi Kt-ierk ar¢neak ndee n e ytlierriilnmens id eiviaem beitr | i kt e, o1 -
bajl e olarak artarak dej id&edne neelyassetli kn uardpaeyaen gan
donaté -ubujunun -ekme deneyinden yararl anél ar ak

222. Eksantri-gkekkakma Testl er.i

Far klpeaypags éna sahip numunel er éik-airmmauy ewltdrean nek

plakalar ile alttan ve ¢stten birbirlerine bafjl
sayesinde, numunenin sékéekapbakhbBeéhkabmwmeEkamrisag¢ | a
testleri seéraséenmeExenkmymalser i°mlenadi ekm i r .
Yékl eme i -in maksimum y¢ik kapasitesi 300 kN ol
kull anél dé Test ci hazwark@ k-idki5" e@dre @ mu reann il meykd re
akérée hezlé y¢kleme oranéndan etkil enmesini °nl
y ¢ kl eme h éNiwladuudl, 208N €1 dée (
ot QL > Oynar bashk
~—H—> Ornek
— _Lﬁ‘{
3 Yag
= Ets pompasi

kekicek®ekar ma test kurul umu

3. ARAKTI RMA BULGULAR

23.¢ekme kar maoutPulTlest Sonu-1ar é
Mevcut -aléekmada, 20 MPa ve 40 MPa basén- dayane
8 adet k¢p numunesi, k ekkialr mad tt eeksit i ez e mebki t et u-t eud

geriimeb i r i nmd exjeikkitli r me il i kkileri kekil 66da veril mi
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C25-2cm w
o - - C25-4cm
. 100
~ [~
z z
w 40 | P
5 30 E
3 = a0
LR — . |112
—(25-2-1 — Maksimum deger 20 1 1 — (2541 e Maksimum deger
10 | e 0,70 Maksimum deder = RIjitiik Clzgis —0.70° Maksimum Oefler —— Rijitlik Cizgis
0 | —— Akma gl2gisi 0 | —— Alma gizgisi
0 001 002 003 004 005 0.06 0.07 008 009 01 0.11 0 001 002 003 004 005 006 007 008 009 01 011
BIiRIM SEKIL DEGISTIRME (mm/mm) BIRIM SEKIL DEGISTIRME (mm/mm)
o ~ C40-2cm _ _ i C40-4cm
120 | : : i : : - : - - : i 149
—_ - 120 '
B £
= 80 =
: 8 A1
60
= = 60
G 40 | u 40 |
20 | w— CA40-2-2 e Maksimum deger — 4043 — Maksimum deger
——0.70"Maksimum defer —— Rijitik Cizgis 20 | [ e 0.70°Maksimum Gegier —— Rijitlik Gizgis
0 w— Akma gl2gisi 0 | e Akma glzgisi
0 001 002 003 004 005 006 007 008 005 01 011 0 001 002 003 004 005 006 007 008 009 01 0.11
BIRIM SEKIL DEGISTIRME (mm/mm) BiRIM SEKIL DEGISTIRME (mm/mm)
P25 -2cm _ P25 -4cm

8
8

80 70 t t 1
70 60 | ! |
60 1}
B (P Y
50 | =
g o | i
§ 30 | = 3
20 | [ [ [ I | | | ® 2 by
— P25-2-1 e Maksimum deger — P25-4-1 e Maksimum deger
10 I e 0,70 Maksimum defer —— RIjitik Gizgis 10 1 1 | 0.70°Maksimum deger — Rijitiik Gizgisl
0 w— Ak gl2gisi 0 w— Akma gizgisi
0 001 002 003 004 005 0.06 007 008 009 01 011 0 001 002 003 004 005 006 007 008 009 0.1 011
BIRIM SEKIL DEGISTIRME (mm/mm) BIRIM SEKIL DEGISTIRME (mm/mm)
P40 - 2cm P40 -4cm
120 180 T T T
160 ! 1 !
100
140 1 1 1

GERILME (N/mn?)
8 8 8

— PA0-4-3 — Maksimum deger

20 * —PE0-2-1 — Maksimum deger
e 0. 70* Maksimum defer  —— Rijithik Cizgis 1 —0,70*Maksimum gefer —— Rijitiik Qlzgis
0 | = Akma gizgisi — A3 Cl2gis]
0 001 002 003 004 005 0.06 007 008 009 01 011 0 001 002 003 004 005 006 007 008 0.09 01 0.1
BIRIM SEKIL DEGISTIRME (mm/mm) BIRIM SEKIL DEGISTIRME (mm/mm)
kekiGérimgbi rim kekil dejiktirme
kekil 66da g°r ¢l de] ¢ ¢lziemiem Welkiely seeed ] i°d t-igrd men igleir
(2008) taraféndan ©°nerilen yaklakem ile idealiz
bul gul arée Tablo 16de ©°zetlenmi«ktir
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Tablol¢ekme- ékar ma t edbhnat BEekadmaadgsilikkisine ai!l
DENEYSEL St
ORTALAMALARI ¢t EKME DENEYK BOND-SLKP KLKKkKEK
9 Gy (ak .
G° mme Beton ut ( mi _ Strain xS (do E
Boyu (mm) S é n é Stress) (MPa) ¢ (?/I)Igae)‘ ne (mm/mm) E¥ome) (1) kay mas (N/mm)
[113
50 C252 83.160 71.490 0.0133 5.005 9.901 5433,059
50 C254 114.043 96.931 0.0168 6.785 6.497 6043,120
50 C402 111.813 98.355 0.0168 6.876 4.608 5858,487
50 C404 146.532 137.705 0.0237 9.639 4.267 5876,222
50 P252 69.008 54.378 0.0093 3.806 6.406 6654,441
50 P254 76.720 61.694 0.0125 4.319 7.931 4998,333
50 P402 107.289 91.907 0.0117 6.633 2.781 7950,999
50 P402 149.554 131.861 0.0226 9.230 2.779 5937,936
kekil 66da ve abl o 16deki verilere g°re gel ene
basén- dayanémé ve pas payée parametrelerinin art
sonucuna var él méktér .kiBlenaejri istoinume °ri- ktl @meé bii +ii m
24.AderansDonat e Séyr él masé Klikkileri
tekmékar ma test.i il e ©°1I -bglréemm wee kiide adleijziek te dimee n
gel eneksel beton ve doj al inpderangliotn ait Iee kawentai lidn Kk
edi |l mi ktir . FEdlodneateéd iklaecynmaa dielriaknksi | eri kekil 7d6de
C25-2cm C25-4cm
10 ‘ 10
= 9 -+ o 19
s 8 1 g s
37 z 7
g © E 6
E 5 / E 5
‘ &, = ,
T 2 1 ‘ 3 2 |- I
2 1 E - ! i = 2 L i ~
0 ‘ - 0 o
0 1 2 3 4 5 6 =4 8 9 10 1, 2 3 4 ) 6 7 8 9 10
Donati Kaymasi (mm) Donati Kaymasi (mm)
C40-2cm C40-4cm
10 10
7 9 7 ° B
E 3 -
2 : 7N 2 6 / \
s\ $5f A
o 4 o 4
g 4
32 \ 8 i — |
< 1 < 1} !
0 0
0 2§ 2 3 4 53 6 7 8 9 10 2§ 2 3 4 53 6 7 8 9 10
Donati Kaymasi (mm) Donati Kaymasi (mm)
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P25-2cm P25-4cm
10 10
= 9 | = 9
s 8| s 8|
57 57
gsl | gs
ES"//\ | 30
o 4 | \} o 4
g2 3 | 2 I
1 - £ ] |114
-<°1 1 -<°1 p
0 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Donati Kaymasi (mm) Donati Kaymasi (mm)
P40-2cm P40 -4 cm
10 10 \
= 9 w9 i
s 8 K]
E o N £
g4 g4
g 3 g 3
§:1R g
L | = < 1
0 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Donati Kaymasi (mm) Donati Kaymasi (mm)
kekiAderatsdonat & séeyrél masé iliKk
kekil 76de ve Tablo 16deki verilere g°re gel ene
basén- dayanémé ve pas payé parametrelerinin ar
arttéejé sonucuna vareéeldéraee. sdncakmadbsnzieri moQg«
gel eneksel beton ve hem de doj al perl it il e ¢re
donaté kayma mi ktaréné azaltméxkter. Buna kar kel é
donsaégr él masé miktaréené artérérken, doj al per |l i
azal tmexteéer
Numunel erin enerji yut ma kapasitesi veya tokl uj
dayanémenén artérél madgiel ehesd udarp@&s bpay smén- aret
Buna karkél ek doj al per |l it ile ¢retilen betonl a
dayanéménén artérélmasé ile -arpécée birezekbkkjlde
azal maséna neden ol muktur
2.5. Numunelerin Hasar Seviyeleri
Gel eneksel beton ve doj al perl it il e ékraertnma etne sbt
sérasénda, artéreélan eksenel basénn gék e, moduk i

g°re g°zl eml enénkiakrtmar .t e¢setkimesonunda numunel ere &
czetlenmi ktir
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FC25 - 2cm ?“.~625-4cm
P40-2cm 5 P40-4cm
kekinum8nel erin g°zlemlenen hasa

kekil 86@&&ka+rename esti sonucunda, geleneksel betor

basén- dayanémé ve pas payé parametrelerinin al

varél méktér. Bu durum emdunrmebaijil@® ef kirlaikk, acderans
tokluk ©°zelliklerine atfedilebilir.

4 TARTI kMA VE SONUC¢

Bet onarme yapé el emanl ar énda, doj al perl it agre

-ek-mekar ma testi uygul amar@a&r, amad k & iek i p drafk@mraa

arakteéeréldejé -al ékmada, deneysel bul gul ar vV e

maddel er halinde séral anméxkter.

1. Beton basén- dayanémé ve pas payeé parametreler
per |l it ile ¢retilen betonlarén maksi mum dayan:é
mi ktarénée artéermaktader.

2. Beton basén- dayameéméel eei pas payér phmaseée, her
perl it ile ¢retilen betonlarén aderans dayane
a-éséndan i se beton basén- dayanéménén arteéereéel
g etilen betonlarén donateé kayma mi ktareénée azal
gel eneksel betonlarda donatée séyrél masé miktar

séyrél masé mi ktaréné azalt mékter.

3. Beton basémé daypas payé parametrelerinin art:¢
enerji yut ma kapasitesi veya tokluju a-éséndan
doj al perl it ile ¢retilen beton uffwmurbelteorni nb aes
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dayanéménén arteéerélmasé ile -arpéeceée bir Kekil
°zellijJin azal maséna neden ol muktur .

4. Et ki | i ol an aderans dayanéemé sayesinde, doj al
iyi l exktirilebil mesi il e geleneksel betonl ar én
tutabilecektir.

TEKEKK] R |116

Bu -al éeékmanén finansal desteji Kn°n¢ | niversites

taraf éendan d202+83d3k | neunneanr aH BBEA pr oj e kapsaménda ger -

yazarl aré Kn°®n¢ | niversitesine desteklerinden do
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Korozyona Maruz Bérakeéel mék Donateéel arén Mekal
Y°neli k Deneysel Model |l erin Kncel e
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€

*Corresponding author: Elif Karakelle

¥zeBte:it onarme yapélarda -meytadna-geresekaebanaelrarsmauc:d
donaténén korozyona ujramaséna sebep ol maktadeéer. Kor
s¢re-leri donaténén -ukur veya homojen fe@rimlardodatke
akma dayaneéeme, ni hai / kopma dayanémé ve birim kekil de
azal mal ar ger ¢l mektedir. ¢tal ekma kapsaménda mevcut I
olarak paslanmaya mamu kal mék donat él arén akma dayaneéme, ni hai

°czelliklerini tahmin etmeye y°nelik modellerin aracki
korozyon orané ve korozyon tampahitislahbipr doaléema ub e Kk
Y¢er ¢t ¢l ecek araktérmadan, °nceki model |l erin gelixtir
g°stermik olduju tahmin performansl|l aréneén, farkl e ko
beklenmektedir.

Anahtar KelimelerrDonat & Korozyonu, Mekani k ¥zellikler, Hezl anc

Investigation of Experimental Models for Predicting Mechanical Properties of Corroded Reinforcement Bars

Abstract: Carbonation and chloride penettion, which occur as a result of various environmental effects in
reinforced concrete structures, cause reinforcement bar corrosion. Physical and chemical deterioration processes
caused by corrosion lead to section losses in pitting or homogeneous foreisfarcement bar. With section
losses, decreases are observed in the material characteristic properties of the reinforcement bar such as yielding
strength, ultimate/failure strength and strain property. Within the scope of the current study, it wdst@ime
examine the models used in the existing literature to predict the mechanical properties of corroded reinforcement
bars such as yielding strength, ultimate/failure strength and elasticity modulus, as a function of the corrosion
ratio. For this purposean analytical study will be carried out on reinforcement bars with different reinforcement
diameters, corrosion ratios and corrosion types. From the research to be conducted, it is expected that the
prediction performances of the corrosion ratios takeo @ccount in the studies in which previous models were
developed will show a appropriate harmony with different corrosion ratios.

Keywords:Reinforcement Corrosion, Mechanical Properties, Accelerated Corrosion Method.

1.GKRKK

Kull aném °m¢bbilrerok s-cagwerse nnele et ki ye maruz kal an b
mekani zmasénén mé&yphasmat geastyesiu, Onem y¢zdesi vV e
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unsurl ara ek ol arak ortam sécakl é&jée, sundg-irment o
dejikkenlik g°stermektedir. Betonarme vyapeéelarda
tabakasé@g2000p5 $90et melijindeki séenér dejerlere
karkeé diren-1I duruma getirmektedir

TablolTS 500 (2000) semandardéenda °neg s} Elkoal
Yapeé EIl emaneé Pas paye
Zeminle dojrudan ilikkide ol an >50
Hava kokull aréna a-ék kolon ve Kk > 25
Yapé i-inde hava kokull aréna a- @ > 20
Perde duvar ve d°kemel erde >15
Kabuk ve katlanmék pl akl arda >15
Fakat yetersiz beton basén- dayanéménén meydan:
kokull aré altéenda beton pas payé tabafzkwlamé - at |
ki myasal bozul mal arénén (kekil 1.) yojun ol ar ak

kl or¢r korozyonuna zemin hazeérl amaktader.

7] v Beton

" /| _»Celik Donati

-L_, Celigin paslanmasi

nedeniyle catlama
Donma-¢éziilme, \
Islanma kuruma
nedeniyle gatlama

x
l

Deniz Atmosferi £

Yiiksek—F

Gelgit Bolgesi ' _Dalga hareketleri
AN yiizen maddeler
\_\‘M (kum, ¢akil, buz vb.)

nedeniyle aginma

Diisitk—¥ Hidrate ¢cimentonun
kimyasal etkilerle

bozulmasi (¢oziilmesi)

=
Biyolojik olugumlar

Su alt: bislgesi| - Kimyasal etkiler
o * CO» ctkisi
> Siilfat etkisi
* Mg iyonu etkisi j

kekiDeniz ortaméndaki bet onar me el emanén
bozulmalar (Baradan v@010)

Korozyon olukumu y¢kseltgenme ve indirgenme reak
g%°r ¢l mektedir. Y¢kseltgenme reaksiyonu donat éne|
el ektronun harcanmasé obkéwm& ¢ganeéiml aodabialki ranok]
ol maséndan dol ayé anottan ayrélarak katoda bajl
sebep ol maktader. kekil 26de g°sflievdbtentaneml aan



J J
(19" UBAK, 16 17March 2024 Ankara (<

UBAK UBAK
Paspayindan oksijen
(o) diflizyonu
0, 0, 2
Hava
= (T T T Beton bosluk suyu
A . ‘N § o 4 &
EAV & CLO IR B ¢ o (elektrolit)
T e te 8 en i
‘ -~ 2% -.‘

| 120
mot L Kotk
islem islem
kekiBlet®nar me do AenyasatkerozgonuBaddankd2002)
Anodik reaksiyonlar :
O 0Q  ¢Q 1)
¢ o006 © 0 @O gQ (@)
Katodik reaksiyonlar :
0 OO0 c¢©° ¢lo (3)
¢0 ¢Q©°c0 (4)
"0Q 00 © "0 O (5)
g0 'O © 06 d0Y (6)
Toplam Reaksiyon :
"0Q P 5 +700 © 00 O (7)
Betonar me yapeéelarda meydana gelen korozyon ile d
meydana gel mektedir. ¥zelli kle korozyon il e don:
akma dayaneéemé, ni hai day xreé&md , deljd «ttii gintee dmg ceall
sebep olBmnakama-élra mevcut terat¢rde azalan bu

I i
bir-ok ampirik model gel i ktirilmiktir.
2MATERYAL ve Y¥NTEM
¢al ekma kapsaménda el eman ti
(hézl andér él mex korozyon vV e

el emanl ar énén korozyon sonr a
incel enmi ktir

pi (betonar me ko
doj al pasl andeé
s

é mekani k 0 7z

31.Mal zeme ve Kesi't ¥zell ikl eri

Korozyonun doakamei kna? zelmlei kl eri ne et ki s(20b3), n ce

i n
Perez vd. (2015) , Fernandes ve Berraco (2019)
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y r¢e¢tal érmal arda korozyon mar uz kal mék donat el &
°©zet Dbilgiler Tablo 26de tanemlanmeKtér

Tablo2Deneysel -al ekxmal ara ait °%9zet ©

Korozyon 121

¢tal ékma _
Orane (

Korozyon YZ©°n Numune tipi

Francois vd(2013) 10.826.6 Dojal Pasl an get onar me
onat ese
HézIl andér él

m
Yo ntemi Salt Donat

Perez vd. (2015) 9.1-21.5

Fernandes ve Berraco 1.3319.21 Doj al Pas

an Sal t Donat

(2019)
Yal -éner ve Hezl andeér &l m Betonarme Kolon
(2020) 1.448.76 Y°nt emi Donat éeseé
Tablo 2 incelendijinde betona g°m¢l ¢ emarig salt
berakél dejé g°r¢l mektedir. Donateéel arén doj al p
hezéanl| méck korozyon yont emi il e daha kéesa Z
Hezl andéer él mék korozyon y°nteminin Perez vd. (2C
yeéréeteéelen -alékmalarda da numunkel Eorozkomoy9aohe
kull anéel déjé g°r ¢l mektedir.
32Donat e Mekani k ¥zelliklerini Tahmin Et meye
Donaté korozyonunu sadece kesit alanénda azal ma
belirl emede yanéltéecé sonu-I|lar dojurabilir. Bu |
deji ken-me&klanermke °©zel |l i kl er ienkitne diiers.pi & aleédkinhameksa p sg:
al énan modeller (Tablo 3.) donaté korozyon oran
akma dayanéme, ni hai dayanémé ve elastisite modyg

Tablo3Di kkate aldrénan model

Di kkate Al én

¢al @K ma Gel i ktirilen Tlpl
Yuan vd. (2005) Fy, Fu, E Homojen korozyon
Du vd. (2005) Fy, Fu Homojeni ¢ uk ur Kkc
Wang ve Liu (2008) E Homojen korozyon

Fy:Akma Da,yaNeEgmai PDEFlaama€Emi site modg¢l ¢



- o
(19" UBAK, 16 17March 2024 Ankara  (<_J
UBAK UBAK

3. ARAKTI RMA . BULGUL ARI

¢tal eékma kapsaménda Francois vd. (2013) , Perez vd
Kumbasarojlu (2020) taraféendan y¢regteéel en - al eékma
donat é mekani kwd%zdgI2I00i0bl)er i Du Ydan(2005) ve Wang Vv
model |l er yardéméeyla tahmin edil mé&dde ga°lsétKeérIirr1émeIké

Akma dayanéméné tahmin etmeye y?° neIZOkOSn)odteaIrIzﬁ
geliktirilen modelin den&tyB8@e| aVYuarsvd {28G5) a t athéen ar |
gel i ktiril eln. Orho daerl gnedn(@0D6)vaer af éndan gel i-KHA9i r i en
araseéenda dasjaihk epneddddaurjeéudhir| mi kKt i r .
1.6
a) @
14
o0 ‘o, E
215 0% %0 o o°
5 .s.u,oov -"'%a.d".., -
& 1 ®
5
28028
206
204
02
Du vd. (2005)
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Korozyon Orani (%)
@Francoisvd. (2013) @Perez vd. (2015) @Femandes ve Berrocal. (2019) Yalgner ve Kumbasaroglu. (2020)
1.6
b)
14
'%’"1.: -
7 [ ] D)
5 Re *% .
208 “. @ oe © @
0.6
2
S04
0.2 .
Wang ve Liu (2008)
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Korozyon Orani (%)
@Francoisvd. (2013) @Perez vd. (2015) @Fernandes ve Berrocal. (2019) Yalginer ve Kumbasaroglu. (2020)
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1.6

14 9
E12
2 %
>
2 1 oL 9 ..‘ & @
2 > o °
= @
08 oy < :. . ®
2
T 0.6 (Y e '*
3 e o
04 @

2
Yuan vd. (2006)
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Korozyon Orani (%)
@Francoisvd. (2013) @Perezvd. (2015) @Fernandes ve Berrocal. (2019) @ Yalgner ve Kumbasaroglu. (2020)

kel3iTeori k akma dayanémlar éneén devwl.g2005)bé)l

Wang ve Liu (2008)c) Yuan vd. (2005)

Nihaidayanémé tahmin etmeye y°neli k modell

er

1123

ak ma

di

k k a

geliktirilen modelin deda®tRaehs &Bulvd [(2006)i at athemn cha ro
gel i ktirD92d@amadeéhida dasphipxledheJodeand chirl mi kKt i r .

1.6
14 8 °
A, o
> o © ® 5 P ‘ ® 3
L) - [->) &S o
§ 1 ‘. LY ° Pl é L ® -4 @ ®
= 0.8
e
£ 0.6
2
04
< Du vd. (2005)
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Korozyon Oran1 (%)
@Francoisvd. (2013) @Perez vd. (2015) @Fernandes ve Berrocal. (2019) @Yalgner ve Kumbasaroglu. (2020)

28
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1.6
b

1.4 )
212 ®
L A ® ® °
z ® 0, % ®
é—» 1 ‘.. “ ’ 29 ", e0 o® |124
2 ® ® «®* " 3
0 0.8
:;: 4 ® ® : k) ° ®
% 0.6

=

o

Wang ve Liu (2008)

0 2 - 6 8 10 12 14 16 18 20 22 24 26 28

Korozyon Oran1 (%)
@Francois vd. (2013) @Perezvd. (2015)

kekiTleori k nihai dayaném dejerl erinibuvdleneyse
(2005) b) Wang ve Liu (2008)

tal ékma kapsaménda di kkatevadal éeha00mpdedl areedabi
kal mék donaténén elastisite mod¢l ¢n¢g tahmin etm

homojen (Denklem 1-8 . 9) ve -ukur kdr dayon dluDeumdlaan 1 .-1 On
°neri |l mi ktir.

M =0 p ™Wip WY (8)

(0] O p TEMYUL 9)

"0 M p TP DY (10

0 O p TP DU (11)

Homojen korozyonu dikkate alan denklem-1.8 9 kul Peme&z avdk (2015) vV e
Kumbasargj ltmr(aZZe2n0dan korozyona maruz kal mék dona
séraséya8ae 06744 or anl aréndader . Cukur Hdlr ozyont
kull aRérarakd. (2015) ve (20281 -téamrearf éwed akhu nkboar soazryoojnl
donateéel ar én el astisite mod2Avedbad nll 2 t ahemnhharo& mda
sajl amékteéer .

(o]
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1.6
14 z
@ ® o

110 @
; 1.2 -~ ™ - n ‘ ® o
& 1 = (] 1) ®
5 ~l @ |125
20.8
= e @
25 = e
%06
=04

0.2

_ Du vd. (2005)
0
0 2 B 6 8 10 12 14 16 18 20 22 24
Korozyon Orani (%)
@Perez vd. (2015) - Homojen ® Yal giner ve Kumbasaroglu. (2020) - Homojen
@Perez vd. (2015) - Cukur Yalgner ve Kumbasaroglu. (2020) - Cukur
kekdiTeori k el astisite mod¢ll erinin deneys

4 TARTI KMA VE SONUC¢

Korozyon oranlaréenén adeheysalsveériedita himi nl iok taen € madall I
Amprikmodel | er di kkat e alaéknmaan v-ea |néi khnaail atlraépnanhdéermoedyesjeél
el astisite mordgr & rdahaygokrsasiedediiKmcel enen - al ékmal ar
homojen korozyon tipine sahip ol masé el astisite

korozyon tipi i-in elde edilen sonu-I|larén daha
Modellerindeng s el ver il eri tahmin oranénda numunel erin
pasl andéerma s¢re-lerine maruz kal masénén et ki sir

donaté korozyon orané ol duju sonucuna vareéel mékt é
TEKEKK] R

Bu -alhnhédmaméd s al esteji Kn®°ng niversitesi Bilir

d PN
taraféendan dX¥x88#4BenemaF8Ae proje kapsaménda ge.l
yazarlaré Kn°n¢ | niversitesirm-e Wielsitre.kl eri nden do
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Doj al Di | Kkl eme Tekni kl er i Kull anél ar ak

Karkél akt ér él maseé

¥fr. G°r. Serbep- BefjdaRi dayet Tak-é
Sivas Teknik Bilimler Meslek Y¢ksek
2Cumhuriyet Mghiendi si i &siFake¢l t esi

*Corresponding author: Serap Bejdack
¥ze®G¢snegmegzde bir-ok bireypdatr&k,l edearlsanmat day asluinumi bie
cretmektedir. iretilen bu belgelerin fawdalama&s é ail ket igye:
bul unmaktadér . Bununla birlikte farklé alanlarda ve
uzun, kar makék, anl akél masé ve okunmasé zor ol abil m
rahatl at aceakt egmitkelme r i -eren i mk©Onl ar sunmaktadér .
sénéeflandérma ve metin °zetleme °n plana -ékmaktader.
akéce ve tutarl e bir ©°zetet-lékmeer maykeikdleayl, akti d rgmé katr éar
s¢rede uzun ve karmakék metinleri okumamézé safjlayan
tekni kl erdir. Bu -al é@ékmada doj al di | i krl iekmlee ryi® nit read leg
ve karkél aktér él méktér .

Anahtar KelimelerMet i n ¥zet | eme, Doj al Di | Kk | Rromueg, e Méettirni JSié n éf
Text Summary Technéques Uséng Natur al Language Proces

Abstract: Nowadays,many individuals produce online documents such as presentationaijl® and course
materials in different fields. In order for these documents to be useful, they need to be read and understood.
However, some of these documents, produced in differteist éied by different people, can be very long, complex

and difficult to understand and read. At this point, the field of natural language processing offers opportunities
that include methods and techniques that will put people at ease. Among these dgmrtart classification

and text summarization especially come to the fore. Natural language processing techniques have made it easier
to extract a fluent and coherent summary from long and complex texts. Text summarization techniques are
techniques thizsspeed up information search, enable us to read long and complex texts in a short time, and increase
our amount of knowledge in a short time. In this study, text summarization techniques using natural language
processing methods were examined and compared

Keywords:Text Summarization, Natural Language Processing,text Classification, Text Finding.

1.GKRKK

Géengmgzde t¢m mesl ek alanl arénda en -ok karkél ak
kéesa s¢rede okunmasé veaognl aéall ma skd yednée. tBuk nk &k s
tekni kleriyle birlikte kullanémé sajlanarak bu

karmakék metinlerin okunarak, yine késa zamanda
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Ebau°nte bapgéli-aldekmal ar yapél mécx

G¢ndojdu ve DuGygntdajdbeddasl yaiplel
kKl er i arakter él mecx, otomahdkr memi R ¢
l an metinlerin °zetlenmesinde karkél a
na katké sunmasé ama-|l anméxkteér .

Bir bakka( Ayas erk magrdtPrve ABZ @ldodtrpala é kuIIanéIarakI g',ml
metin °zetleme yapél mékteéer . C¢mlelerin yapeées'a v
ayréca bu -alékmada LSA algoritmaseé ile kelimele

edi |l mi ktir.

Yine benzer b(G.rVijay laumarkln@d)met i n °zetl eme tekni kl eri
©zetl eme i-in NLP tekniklerinden TextRank al gor
GENSKM kull anél arakamasénhazetl amméuygr .

Bakka bi r(Palad Kéhakate 2620) e kar ém tabanl é& metin ©°zetl e
kull aneél ar ak kelime frekansé hesapl anmécx vV e ge
-ékarél mexkteéer .
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Bu -al ékmada daha ©°nceki - | e
veriler ¢zerinde, i i f e %2zetleme tek

K ara ek ol arak F
n I

eme teknikleri uyguhbhamma daBliabll & akng & ¢
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ma |
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akt er ma yapélmeK ve en [ metin °zetl em
el mékter . apélan -alékma COLAB ortaménda |
menIeiraIngoertllt ademlaré uygul anmécx, bu kap
i k¢t¢phaneler ekl enmi kK, kull anél an metinl
re veri i1 kKleme yapeéel arlaek ic ¢¢vml elagyré | cazredla nk a
c¢emleler tokenize edil erek c¢mlel
keli menin meydana gel me k|
frekans dejerl eri bul unar
r ve c¢mlelerin toplam for
e en sonunda °zet metin e
a
n
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|l ekmaya ai't kull anél an materyal
mi Ktir. D°rd¢nce¢g bo°l ¢mde sonu- v
belirtilmiktir.
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kel mékteéer. Girdi 0]
Daha sonra bu c¢m
simgd er kazénméxkteér. Sonr aki adémda fdAve bi
i mel er i kal dér él mékt ér c
edi |l mi ktir. Daha sonr aki aJdTérr&aé
edi |l mi ktir Bu noktada h
yani mod dejerine b°l ¢n
kelimelerin yerine hegal anan afj ér | ékl
akamada ¢ ¢ ml |l er azal an to
Kemasé kekil 16de g°r ¢l mek

0]

u
ns konul arak top
rekansa g°re seér



</ J
(19" UBAK, 16 17March 2024 Ankara [
UBAK UBAK

keklitla | éXkntak Di yagr ameé

METMI BELGEDEM AL
METNI COMLELERE AYIR
¥

CUMLELERI AYIKLA

CUMLELERI KELIMELERE AYIR

AGIRLIKLI KELIME FREKANSIMNI
HESAPLA

KELIMELERI AGIRLIKLI FREKAMSA
GORE DEGISTIR
CUMLELERI AZALAN TOPLAM
SIRASIMA GORE SIRALA

¢tal ekmanén akék kKemaséndan da g°r ¢l ecefji czere ©
veriler uygun hal e getiril meye bakl anmeéek, arde
ayéklanmexk, kelimelerei edhil eregr dmedemertl @r ol @ K1t L
2 .. Metin ¥zetl eme

Metin ©°zetl eme, uzun ve karmakék metin paragraf
i fade eder . Ama - , yazénen °nemleisemi &r ehéni riz,et
getirilmesidir.

Metin °zetlemede ¢- temel yaklakéem vardeéer:
2.1.1. ¢ékaréma DayalBu¥Zee¢etl eenme (Eeakmniacitnde) : kay!
anahtar s%zce¢kloer -ekilir ve -ekk | @elhurb.u BW zTtz &t
tekni klerinden bazeéel ar é;

21.11TFI DF tekniji ( -MwensemDodumentqFuequercy)Kelimelerin belirli bir

bel gedeki °nemini °l -en Dbir istatistiksel y°nt e
ceml el erii -bienl ikrullelmaenké |l abi | i r .

TFl DF ajéerl ek terimleridir;

TF: Normal l ektirilmik Terim Frekanseéedér (TF),
| DF: Ters Belge Frekansé
Y@ 0'QQ & QAEEVH "CEHENEG Q O F B 'Qa "QONOFD "NED

V0® 1100 ¢ n &Xa Q06 Tid'e: a0Qd QO Y RO OaIQNG |
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2.1.1.2.Grafi k Tabanl é -BasedRdnkingalgoAhmg)detni birngeafi ar &€ (
ol arak temsmlli edejrerml €rni belirler. PageRank gib
¥r neJextRank, Googl e' én PageRank algoritmaséna dayane
yent em, metin i-erijindeki ©°neml:i kavramlar é bel
2.1.2.Soyut ay éc é Met i n ¥zetBuemeek(nAbkstter,acdir iviei)nal me t
ol ukturulur. Metindeki en yararl é bilgileri li:%oar
c¢emleler orijinal metinde bulbazm@adywalei !l ir . Bu zZe
2.1.2.1.Seq2Seq (SequerreSequence)K od|l ayécé ve -°z¢c¢ ol arak bil
met ni ile hedef ©°zet arasénda il i kKki kurar . ¥zg¢
2122 Transformer¥ zel | i kl e BERT, GPT ve Td&metiiablamakwe del | e
°zetl emek i-in kullanel ér. Daha dojal ve anl aml e
2.1.2.3.Reinforcement Learning based Approachdése | i r | i bir hedefe ul akme
°Jrenme kull anarak °zetl eme ylipladir ¥meal @k. kali

2.1. 3. Hi brit Me t iBru ¥ z2&tnli kme (hkeyrbr-iédk)air é ma dayal

birlikte kull aneéel ér .

2.1.3.1EkstraktfSoy ut | ay écée HAbstractive HyprE)x¥® nmcaect é ket r akt i f y°
metnin °nemlirlké&msiem| aarcdédrdan soyutl ayécé y°ntem

2.1.3.2. Al ana ¥zel Yakl akénmBeari r(lDonbaiirn kSopneuc i & liacn

°zetl eme yapmak i-in °zel olarak tasarl anmék al g
22Metin¥zet |l emede Kull anélan K¢t ¢gphanel er

Met in °©zetl emenin t amaménda y a da bir k @s mer
yarar|l anél makt adeéer

2.2.1 NLTK

Doj al Dil Ara- Seti (NLTK) doj al di | i KI eme t ekn
k¢tgmdl erdendir . NLTK ile birlikte c¢mle tespiti
bul ma gi bi doj al di | i Kl emlerinin temel i Kl evl e
anal i zi gi bi doj al di |l i kKl eme al anl arénda kull an
22 2 GENSKM

Bu Python k¢t¢phanesi vekt©®r uzayé model |l eme ve
k¢t ¢phanedir . Met i n madencili]i, bil gi -ékarém
k¢mel erini ver i mli K erkii tl deey 8 kM e mmackd @ I-ii ni -barri r-.0k
2.2.3 SPACY

Doj al di | i Kl emede en sék kullanélan a-ék kayne
kull anél makla birlikte C programlama diline ben:
Python dilinda hezl éeder . Bu sayede b¢yeék haci ml i me t
y°ntemlerdendir. Metin anali zi, di | anal i zi, k el
kull anél er .

2.2.4 SUMY

SUMY metin ©°zetl eme i -1 noteehianleil emad@mor ibti malda r .
yazél mékt é A-ék kaynakl édeéer . Bu k¢t e¢egphane met

r
ol ukturabilir. Yani met i n uzunl ujunu, c¢eml e sa
k¢t e¢phane gebexBankuhhext Rank, LSA gi bi algoritm

2.2.5 SUMMA

Bu k¢t e¢phane metinl eri anal i z ederek ©°neml.i k el
Python k¢tegphanesidir. Google taraféndanBugel i kt
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k¢t ée¢phane metin °zetleme i -in API kull anér . ¢ ok
al maséyla késa zamanda akécée kekilde °zetl er.
2.2.6 BERTSUM
Bert Sum, BERT (Bidirectional Encoder Repa esent a
edil mik bir metin ©°zetleme k¢gtéegphanesidir. Bert
geni kK bir model dir. Bu model met ni anl ayar akl13an
kull anarak y¢ksek dojrulukla -alexkeéelabilir.,
23Metin¥zetl emede Kull anélan Al goritmalar

Metin °zetlemenin tamaménda ya da bir késménda a
2.3.1 LEXRANK

Metin °9zetleme ikKklemlerinde kullanélan grafik 1
metindekic ¢ ml el er i gr af de¢ej éeme gi bi al gel ayarak ©°nen
dayal é& algoritma da etkild.@ yentemlerden biridir
benzerli k °l-¢mleriyle -aleéxkan bir algoritmader.
2.3.2 LUHN

Eneskmet i n °zetl eme algoritmal aréndan biridir. S°z
c¢emlelere ajeéerl ék puanée atar. Daha sonra bu puan
séralar ve ©°9zetl er BMesti itn vfez evtelre mmd id &k é&n dad ,g ome tt
benzerlijJi, filtreleme ve ver.i bilimi gibi doj al
2.3.3LSA

Dojal dil i Kl eme al anéeénda en -o0kKk kull anél an °ze
Analysi s) gi zli semanti k analiz anl aména gelir. Bu
metnin anl amsal yapéséné -ékareéer. Konu bakl &kl
yakal ayabil difji i -in dabtwri dmdruekiel kdhejaeld caymé €4
kull anar ak \ met i n uzunlujundan bajémséez ©°zet

sénéfl andér ma, makine -evirisi, duygu analizi, b
2.3.4TEXTRANK

Bu algoritma grafik tabanlé bir algoritmader. \Y
algel ar . Bu algoritma °neml.i ceml el eri belirley
verimli bir algoritmader.

23575

Bu algoritimaGoogl e taraféndan geliikadlrayéntie&tiinirmarTi5 ikkoe
metindeki ceml el eri gi rdi ol arak kull anan bir al
kull anél er . Sadece metin °zetl meei dedli UKkBynma zalb
soru cevaplama gi bi dojal dil i K|l eme al anl ar énda
2.3.6 GPF 3.5turboi ve GPT-4

GPT wuzun metinl eri hezl é& ve dojr bir Kekil de

al gor i @prard&Ilr . t araf éendan gel i kKtiri en bu model |

karmakek g°revleri yerine getirirler

model de metnin anlaméné yak
ile beraber farklé bir -o

3. DENEYSEL ¢ALI k MALAR

Bu -alékmada bu bildiriye ait czet met ni gi rdi
k¢t ¢phane ve al goerniit Mazleatr -uéykgtuél aenladrea ke dyi | mi kKt i r .
metin °zetleme uygul amal arénén performans dejer
kull anél ar ak; d eSjcrou leu kd,e fkeerdiemrlii kkudd amle|l mékt ér
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3.1 Kelime wneelgml BulFuekhasé Kkl emi
Frekans, késaca g°r ¢l me séklejé olarak ifade edi
ol arak adlandéreéel er. Kelime frekansé i se; bir
kel i mel erine,g°al¢drmek skeellienl eni r . Bir metinde bul
i -erisinde puanlama si st emi ile c¢mlelerin °nem
bel geye uygul anabil ecefji gi bi fawdyauzunlaklogarakl
belirl enen késménda da wuygul anabilir. Kek de
Kel i me frekansé adeémlar é;
1. ¥zet yapeélacak metin paragraflar halinde el de
2. Paragraflar c¢gmle haline -evrilir.
3.C¢i¢ml el erk bhazlet €rzled r simgel er, bokl ukl ar , dur
4. C¢ml el er tokenize edilerek kelimelere ayrél ér
5. Kel imelerin ka- kez tekrar ettiji yani frekar
6. El de edilen frekans tabl osundan enkelygeis ek ol a
ajerl éekle frekans dejeri bul unur .

3.2 Farkle K¢gtegphanelerle Metin ¥zetl eme Kkl eml e
¥zetl enmesini istedijimiz metin bu bildiride ver
3.2.1 NLTK K¢gtegphanesi

NLTK k¢t egphanesinin kulnl &nrzelt mags&kyleas éel5@e s@ adicle&kn €

iBununla birlikte farkleée alanlarda ve farkIl & kik
kar makek, anl akél masé ve okunmaseé zor ol abil mekt
metinlerdena k € cé ve tutarl é& bi °czet -ékarmayeée kol ay
arakteérmayé h €ésa s¢rede uzun ve ka
kesa zamanda il gi mi ktaréeméze artéran teknikler

é
b
3.2.2 GEnN&SEaM u
a
I
e

sinin kullanél maséyla el de edil e
alanlarda ve farkleée kikiler tar .
kunmdesgabkodi bl akl emektaé¢dné bu n
| er i i -eren i mkonl ar sunmakt ad:é
€ ve ‘tutarlé bir ©czet -ékar may
kull anél arak yapélan metin °zetl eme tekr

3. 2.

Spacy algoritmasénén kull anél maséyla el de edil en

SPACY K¢t eé¢phanesinin Uygul anmasé

Metin ©°zetl emar dwtkérn kmdye& i he dbliamgder an, keésa sg¢r
kumamézeée sajlayan ve ayné kKekilde késa zamanda

. 2.4 NLTK k¢te¢egphanesi ve TF/ I DF Al goritmasénén

F/ I DF al gor it mas én éndiHlwlnl &hasslitapa ESByIHEaB8EC B tsgek t e n
| ukAwyro&ca handicap orané arttéek-a °9zetin késald

O+H W O

;n¢egm¢gzde bir-ok birepgosftaar,k |l e rasl amd tae rdyaa Isiu nguim
mektedirgel ereitn | eay dal ehal e gel ebil mesi i-i
unmaktadeéer . Doj al di | i K|l eme al aneée |
l ar sunmaktadér . Sunulwawe Mmat i mk©netalr
maktadeér. Dojal dil i Kl eme tekni kIl er
I
n

o=~

ayl aktéermékt ér . Bu -al ékmada doj al
i kkdrew @l awmtceerl @lnmé t &re. 0

o

r
I
n
k
0
Kk
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.5 SUMY K!T! PHANESK VE LSA ALGORKTMASI

k¢t e¢phanesi il e LSA algoritmasénén kull anel
or ;

ow w
—c -
cg N

bir-ok birepgosftaar,kl|l cde rasl amdnaeirdyda | sbuenggnel

ir. l'retilen bu belgelerin faydaleé hal
ulunmaktader Doj al di | i Kl eme al 4138 |
©Onl ar zeuhmankt ad&ni kMetin il gi arackter
k metinleri okumamézée sajlayan ve ayn
kni kl erdir. o

2.6 SUMMA K| T} PHANESK VE TEXTRANK ALGORKTMASI
Summa k¢t ¢ phanadsgiorviet miaessxetnréeann kk ul | anél maséyl a el di
¥zetl eme orané 0.3 (%30) se-ildijinde 33 keli med

fiBununla birlikte farkl é& al anlarda ve farkle Kki%«k

kar makék, anl akegbmad abel m&kluthnendisre. Bu -al ekxmada

kull anél arak yapélan metin °zetleme teknikIleri [
n

¥zet ré

ABununla birlikte farnlklrafa&hnhamanardaetvée enhamiul dekig
kar makék, anl akél masé ve okunmasé zor ol abil mek
rahatl atacak y°ntem ve teknikIleri i -eren i mk ©n
y°ntenlleanélkaur ak yapél an metin °zetleme teknikle

3.3. PERFORMANS DEJERLENDKRME

Rouge (RecalDr i ent ed Understudy for Gisting Evaluati
performans dejerl endi ralgegsein ymepma kk lie-ridn rk u l(ICeem&li a

W < T D
' ® D' T

~

o]

-

3

Q

A

D

e%40) se-ildijinde 48 kelimeden ol ukuyo

Bu metri kIl er, referans alénan metin ile uygulam

°]l -mek i-in kullanéler. ROUGE metri kl eri genel | i
ADuyar|l él ek( Reabhé&hian(mg¢ti Rééebahsnan ve uygul
metninde de bulunan kelimelerin oranéné ifad
kadarénén uygulama taraféndan dojru bir «kxekil
AKesinlik(Precision) (p))Uy gul ama taraféndan ¢retilen ©°zet
metninde de bulunan kelimelerin oranéneée ifad
metni ndeki kel imelerin ne kadarénén ger - ek me
AF1 Score (Wp: KPsyati &l @alkjerlerinin harmonik
Duyarl él ek hem de Kesinlik dejerlerini di kka
metindeki kel i melerin hem de uygul ama il e
dojrul ujlendirir. dej er

Bu dejerler, ROUGE metri klerinin performansé dej

dejerler 0 ve 1 ar gdé&sedéa ideij elrilrear%zet |le me ym&kréfnor

ROUGE metriji, failikREGCGEN®gIyemebearzerall iéjkiaib,i °l - er

en uzun ortak al't di AN i seen zkeerlliinjeil neir Calr-aesré.n dRQ@U G
ROUGES, ©°zetl eme al gorit mas émiegrr agrelrare&k (°lzeelti rmeit na
i ki kel ime) ne kadar dojru biSU skipghk iglrdhenl maleal ydad
uni gramlaré da (teki.l kelimeleri) dbjgrhehdrei he

tekil kelimeleri dorarde]®@ine Rveékielrde yakal ayéep

de
Bu -al ékmada, metin °zetleme uygul amaN (- Nf or man s
2) ve ROUGE L °1l.-¢l eri kull anéel mékteéer
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YE O ®Q T R e R AT T o
YQQQIAXESN Qe 0 O QAR Od dWHWE i

Tablol1ROUGE METRKKLERK

| 134

. SONU¢ VE TARTI k MA

al ékmada yerel bil gi sayar czerinden, progr a
an met i n bel gmdteirn oszzeetrli enmee  WKeatrgkdheanel er i
élaktérma i-in girdi met ni ol arak bu bildiri
°zetl eme yakl akémlaréna yer veril mtiktir. Y
nden al énan °neml:. c e

ml el er yer al déj e,
e¢mlelerin yer aldejé gore¢éel megkt gr . Dol a

3xow &
- ® 2 ' ®OY —C

Co—aogo~—= o
—> Q.

RrRémardayal ad®mé alr € meé d
eme yapeéeldéejé ve bunu
¢
e

‘T C 3T TX Do

._)3._,_._.3

;' ne kadar bu al anda Yy
sinin en -0k tercih

ere g°r

Il i me frekanséna dayal é
onra paragr a ara ayr él dejréestopvprdsierden temipemdikeerg r a f | 3
onra kelimelere (token) ayreéel dej e, kel ime frel
esaplandéejé ve bu el de edilen frekans dejerler
cml el er nplzama nyda ve sonu- olarak bu puanl
cml el er ol ar ak e °czet metinler el de
ejerlendir mesi i -in en ya én k urhd tarniéjl iami nRoluigre

[ S bul undujundan per rmans karkél akt ér el
czell ikl eri g°z °n¢gnde bulundurul ar ak, kel i me di
Rouge2 ve RougelL metriklerine odh k | anél mékt ér . El de edilen veril
algoritmasénén dijerlerine g°re daha kararl e ve
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