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Presentation ID / Sunum No= 38 | 2

Or al Presentation [/ S°zl ¢ Sunum

ORCID ID: 0006000207225988

DC Ar k Ar é zidave EemmavwBeldleansege-

Yeksek El ektri k EKeerkiKayad ni k Mg hendi si
'Yeki |l érrmakk [Edjeéktté m A . E-Mail: K&kimaaya@ytdascans u n ,

¥zet

DC elektrik arké r¢zgar enerji santralleri, ge¢n
Kebekel erde -o0ok seék dyaa keem@aia baéréézz ad utrgurng diga r. K €Bl uar kat
°zell ikl eri model |l enebilir ve ark davranéxkeée et
| aboratuvar ortaménda ger-ek deneysel Kurul uma
olukt urul arak arézalé durum ile arézaséz durum kar
sékl ejéeyla ark geril i mi ve ark akémeée ©°rneji el d
sonunda adém mot or u kuulullampé lhaarta k¢ zaerrki nadreé&z a syée ra Int
-al exkél mektér. Ark arézasé olup ol madéejéné ayer:t
mé, sonunda mé ol dujuna Diferansiyel Exiltulkiakn Al g
mel ez bir y°ntem kullanél mékteéer. Bu -al é&kmada ku
ve arézalée durum ayeért edilebil mektedir.

Anahtar Kelimeler: Ser i Ar k, Ar k Ar ézaseé, Dojru Akeém, Di f

ARK,Belir | eyi ci Kstatistik

Detection and Location of DC Arc Failure

Abstract

DC electric arc is a very common type of malfunction in wind power plants, solar power plants,
energy storage systems, and microgrids. If the defedb¥ective situation is compared here, the arc
properties that occur can be modeled and the arc belwaridoe effectively determined. The data in
this study are based on an actual experimental setup in a laboratory setting. In the study, arc failure was
created on the DA line and the defective state and the defective state were compared. An arc voltage
andarc current sample were obtained with a sampling frequency of 1 Mhz using a data acquisition card.
After that, an arc fault was created using the step motor at the beginning, middle, and end of the line,
and its location on the line was studied to deteemiu hybrid method consisting of a Differential
Equality Algorithm (DEA), Determinant Statistics (Bl) was used to distinguish whether there is an arc
fault or not, and whether there is a fault at the beginning, middle, or end of the line if there is a faul


mailto:Kerim.Kaya@yedas.com
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With the hybrid algorithm used in this study, it is possible to distinguish between defective and defectivq 3
status on the DA line.

Keywords: Series Arc, Arc Failure, Direct Current, Differential Equality Algorithm, ARC, DC ARC,
Determinative Statistics

1. GKRKKk

Yenil enebilir enerji teknol ojisinin artmaseée i
ke m¢r ile elde edilen enerji zaman i-erisinde ye
ve jeoter mal ilekemkedeéeedil en enerjiye béra

Artan enerji talebine orantél é ol arak kKebekey:
sayélaré da artek g°stermektedir. GES sayéel arer
arézalarda artmaktadlkr a-deé&ndan K@ESdien vieargarviea |l
-al ékmasé elektrik kKkebekel eri i -in -ok °nemlidir
el ektrik kKkebekesinde kesintilere ve -exkitli ma |l :
ensék rastlanan aréza tipi ark arézalaréedér.

Yenil enebilir enerji santrallerinde tespit e
sarfiyaté yapmaktadéer ve olukan y¢ksek akeémlar
GESO6i n okréetnd | aar-dfALlgerdimleriise 1000M 500V ar al éj énda ol up f
standar dén d(&endychowa & Fedlert 20168 r

Bu -aléekmada DA ark areéezal ar é; belirleyici [
ar akttéeerre.l mEek kaynak gerilimi, il etken ve yg¢k k
mi krodenetl eyicildi adém motoru ile DA ark ol uktt
her test i-in 3 snodir. ¥rneklemenSgekheem, 1laMKHz:
hat ¢zerindeki konuml aréna g°re ayért etmede etk
2. MATERYAL VE Y¥NTEM

DA kKkebekel eri ark arezal aréndan korumak ol duk
tespit ve konum algoritimhas@nhdwpnalli awaml axl lumlel amre
2. 1. Di feransi yel Ekitlik Al goritmaseé

cevrim i - parametre kestirim y°ntemlerinden
direncini ve end¢ktanséné hesapl amaksionliantdee €i la
Pi, T veya L hat modell erine dayanmaktadér. Ayreé
gerilim dal gal a(Yédiz,aKardgal] Nokta, & eBulerl 20il%hian, Salama&

Chikhani,1998).
DEA y°ntemi nde Kebwokadkidaziod pkak, of asfatave i ki

i -in farklée kekillerde d¢zenl eme yapélabilir. DE

a) Hat model i kesa iletim hatte kabul edilir ve a
dahil edilmez.

b) Gerilim ve akeml &délgam ntike- (320 ahgf armdated reinadrni
seviyede -al ékteéejé kabul edi | ir.

c) Y¢k ¢zerinden ge-en akém g%z ardeée edilir

d Areza olukan yerdeki diren- -0k k¢-¢k ol dujund

e) Hat - aprazlamasé en iyirapeiel dmaypppédmpédéejyard

etkenler g°z ardée edilir.
) Hat aral arénda olukan séja etkisi yokmuk kabul
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2.2. Zaman Sabiti
DEA sonucu olukan diren- ve end¢ktans geejerl el
ve ark olukumundan sonr aki bl gede dejikkenl ik
hesaplanmasé ark arézasénén belirlenmesi ve konu
2.3. ¥znitelik Vekt?©or g
¥znitelik vekterleriniynchesaspgladnmas&lieri kubda
ol madéjé durumlar ile arkeéen hat bakeéenda, ortaseée
aréezasénéen tespiti ve konumunun belirlenmesinde
2.4. Yapay Sinir Ajl are
YSA géhneégmgz teknol ojisinde i nsan anatomi sind
benzetilerek n°ron algélayeéecélareéeyla °Jrenil mick
creten vV e kar ar ver me al gor iapmaa e@imizasyom, nkarap r o g r a
mekani zmal aré, sinyal ve g°re¢nty¢ i Kl eme gibi bir
(Keskenler & Keskenler, 2017)Y SA doj rusal ol mayan sinyal ve sis
Dojrusal ol an sistem modely a&biilnidre Yemem? k¢ rdled yag/b
sonu- 1| ar d#&haad, Bddy Patawo,|l & Yt Hu, 1998YSA verilen girdi bilgiler ile bunlara
karkél ék gelen kekil 2.1 g°re¢ldeje¢ gibi anl aml &
bir veri i -er mesi i-in YSA ejitilmektedir.

2.4.1. Radyal TabaMjlee Yapay Sin

RTYSA, é - kat mandan ol ukan ©°zel YSA model | er i
aktivasyon ikl evi (gauss, cstel) girdileri d°ng¢t
vektorl er.i gi zl i tabakadiakdemsige+ilreirli ear alkt heash
cretilir. tekéek katmanéeénda bulunan dojrusal akt
°znitelik vekt°rg¢ (BovYami &aKor gkek, o20&Q)urul ur

Girdi Bias
degerleri b
(x1 O - W1 A8 T
\‘\_ Aktivasyon
B ( Yerel Fonksiyonu
N Alan -
LN \
> \ v _ )| ¢Cikt
<x2\> - W, . E ) ~QX ){ %
N 4 |
- " _~~ Toplama
. . Pa fonksiyonu
\Xmf Wm‘
agirliklar

keki IYSA. 2rneji
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YSA girdi dejerlerine karkel ékeéegelemr askndagle

°jrenmesi sajlanél ér ve bu k(eHarmzadae- eafjie n& e uttd ymi
3.BULGULAR
¢al ékmada il k olarak ark olukturma d¢zeneji kur

sonucunda -geflimgryal incelkngim

keki DeBey. D¢g¢zenej i

3.1. ArézaséeLehburnum Alamsi

17

gerilim
akim

16 [
15
14 |
13 |
12

10

0 01 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

keki Ar@8zaséz durum
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3.2. Arézal eGowirluimm AKjemi s i | 6

20

gerilim | |
akim

10

] 01 02 0.3 0.4 0.5 0.6 0.7 0.8 09 1

keki Ar&zal é durum

Yapeéelan -alékma ile nor mal -al ekaynasbliadégiearnée
sistemdeki akéem dejikimini inceleyerek aréza ol u
Deney d¢zenejimiz ile elde ettijimiz akéem geril
end¢ktans deji Ki mini hesapl adeéek.

Sistem Direnci
13 T T T T T T T T T
12F
nr

fi
ob Ak A mrm'lﬂ A

8 1
"h B
s H|Zaman Sabiti 1]
.l
] 0.2 0.4 0.6 0.8 1 12 14 L6 15 2
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4. SONU¢ VE ¥NERKLER
Bu -al ékma, DA kKebekelerinde meydana gel ebil ecek
tespit edilekndpé&sians-de]jdkienne dayal e DA ar k a
sunmaktader .
tal éeékmamézda °rnelkédremek s@&lk@j ar dMdlzé ave ar ézaseé
end¢ktans dejikimleri incelenmiktir. Kstastiksel
ol madéje tespit edilmik ve ilgili amk eamda xdasdge .v a
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¥zet

Nanok¢mel er atomlar il e hacimli yapél aurz aanréars.é b
Kendi si ni olusturan atomlareéen ¢ - boyutlu haller
soygazl ar kadar inaktif olan altin, nanoboyutl ar
Bu nedenle malzemeleri kuantum boyk €tl er i nin ortaya -ékteéjé nano?®
geli ken nanoteknol oj i a-éséndan °nem kazanmakt a
atomlaréndan olukan nanok¢mel eri ve bu krilmel erin
Li xPy nanok¢mel erini belirl eyerek yapésal 0z
el ektronegativitesi yuksek P atomu ve y¢gk ver me
yéksek kohesif enerji ser gi | enyaenno krganmed keg mealrears émldt
il e, Li 3P2 ise alakém nanokg¢mel er arasénda 2.80
Kkumesi ise 0.43 eV ile en d¢k¢egk kohesi f enerji d
yéksek dolubmbakek¢, ( HOMO) ve en d¢kegk dol mamék mc
belirlenmik ve enerji aral eklare tarteéekél mexkter.
Anahtar Kelimeler: Nanok ¢ m&l, eMal zieme Bi |l i mi, Yojunluk Fonk
Enerji

Electronic and Structural Properties of Li-P Nanoclusters

Abstract

Nanoclusters are a transitional form between atoms and bulk structures which extend up to 10nm in
size. Nanoclusters can show different properties from their bulk counterparts. For instance, gold which
is as inactive as ntdb gases exhibits the catalytic effects when it is reduced to nano dimensions.
Therefore, it is important to study materials at the nanoscale, where quantum size effects occur, from a
nanotechnological point of view. In this study, we investigated nartectusonsisting of lithium (Li)
and phosphorus (P) atoms and the electronic properties of these clusters. We have determined the lowest
energy LixPy (x+y=5) nanoclusters and analyzed the structural properties. LixPy nanoclusters formed
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strongly bonded namtusters with high cohesive energy due to P atom with high electronegativity and | 9
Li atom that tends to give charge. P4 exhibits the highest cohesion energy of 3.64 eV among bare
nanoclusters, while LiP3 exhibits the highest cohesion energy of 2.80 eV athmnganoclusters.
However Li3P2 cluster has the lowest cohesive energy with 0.43 eV value. In addition, the highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) levels of each
LixPy nanocluster were determined anditie@ergy ranges were discussed.

Keywords: Nanoclusters, =P, Material Science, Density Functional Theory, Cohesive Energy

1. GKRKKk

Son yéllarda nanoteknol oj i ve nanobilim alanénd
alanlardak ul | aném potansiyeline sahip oldujunu g°ste
karakte i st i k °zell i kler g°sterirler.

kar ] edilebilir batarya teknol oj i stamdaarydlar y ay g ¢
takénabilir elektronik cihazl ardan, séf ér emi syoa
-ok alanda yer bul makétsaediéar nL iBiul laevra,n t mmg Il iay €tn,é nk vy
séecakl ek performansé ve g¢venlik gibi bazée dezav
alternatif arayeéexkl areéena y°nel tmiktir. Son yél a
opte |l ektroni k ve kendine has anizotropik ©°zelikl
konu ol muktur. El ektroni k ve mekani k °zellikler
kull anéem al anl arda pot(8aea aly 20LHNoormohdnmiadbeigibeat Al.i n me k t
2021) Bu al anl ara ek ol arak batarya teknol @®pda | eri noc
et al., 2020)

Bu - al e@Pymadmok ¢lmiel erin el ektroni k veRMtagp)es al
nnok¢mel erinin en kararl é& geometri k yapélareé be
band aral ékLdMe wsev i HPMIOeri hesapl anméxkter.

2. MATERYAL VEY¥ NTEM

Bu -alékmada yojunluk fonksiyonelr tleoli rsli enkmiilk
Hesapl amal ar SIESTA paket programé ile yapél méecxk
mol ek¢l | eri ni nwiet ikatmdlaglenl éArb di nami k si m¢gl asyonl
bir bilgisayar ptemidin(fatackeo etvak, 2088) akt ér ma y°n

Hesapl amal ar da genel l exktiril mik gr akbrelasyon y a k!l a
fonksiyoneli olarak PerdeBurkeEr nz er ho f (PBE) fonksiyonel: kul I
noktasénda yapél mék ve kesme kinetik enerjisi 30
dejefPkulllDanél mékt ér Tém hesapl amal arda gpin po
akajéedaki form¢gle g°Pre hesapl anmékxkt ér .

. O i wO oo
O —
W W
BuradaEanok@he kararl & nano yapénéen toplam enerjisi,
izole edil mik Li atomunun ener jdixio,l ey ;e dR |arti kmlPa ra

enerjisidir.
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3. BULGULAR | 10

Bu - al exlmadca klgimel eorniinki nv ee | yeakptérs a | czellikleri [
sayélaréna g°re olaseé bir- ok -Pkonnapnoozki ¢snyeolne rvie akteokn
g°re sénéflandeéer él mexk, m¢e mk¢n ol an geometri k ya
belimf enmi Kkt i r. Kararl @& nanok¢mel erin elektroni k ve
Li-Li, P-P ve LIP at oml ar & araséndaki baj uzunl ukl ar é v
uzunlukl ar séraséyl a 2. 80erjj,i 1de93e rjl0gT,-R2Z72i\8s4e s édréar
0.97 eV ol arak belirlenmiktir. Di meiPiPenanyeatk many e
momente sahip dej il &kPeznelblui kdtee eorl dLuijPu dbee IO=21C n mi K-
Di mer yapél ardaa harbhpmkl|l gr deki Li ve P atoml a

atom sayéséna sahip k¢gmeler oluxkturul muktur .

O=%ktfagneti k momente s adR,iLips, Pa LR risPy ld:Rs0L P Mde | teirr .LiLip
ve Libyapél ar @énén ma g dire Bunhukla birlkten &3, tLipP LiZ>, L2, Lisy ap el ar é
her hangi bir magneti k momente sahip dejildir.

Nanok¢mel erin kararl é& yapélareée kekil 16de veril
Tabl o l6édetliirstel enm

Liknanokyg¢ mel-leir i malje, udZpaol af ak 2b id Pnuannnoukk¢ét nuerdlP e tFafde P
uzunl ujwl 2r @R g° kP amyaxkkt ¢emel ekPii bdg wugeanLujju ort al
ol arak hesapl anméxt ér .

Kararl @ nanokg¢ meglkesreikn mibad lek ¢dlean oarmi t al seviyesi
mol ek¢l er orbital seving€abl 6 LUMORi:Pmmmokmpinetsiir flar
eV ile en y¢ksek HLG dejerinkisPamiok ¢emaemrsok Omeéedi re.
d¢kek HLG dejerine sahiptir.
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hesapl anmgk

Tabl o 1. Nanok¢gmel ere ait
Nanok/ E(V) [d(ij) m Ere(eV Euw(eV)| Edown
& | (eV)
LiP -0.97 dii-p=2.34 2 1.23 2.54 1.23
LioP -1.38 dii-p=2.31 1 0.90 2.04 0.90
LiP2 -2.40 diip=2.21 1 0.87 0.95 3.15
dpp=2.02
LiPs -2.80 duii=2.22 2 1.14 2.49 2.54
dui-=2.49
Li2P, -2.36 dpp=2.13 0 1.06 - -
dii-=2.36
LisP -1.65 dii-p=2.29 0 1.7 - -
LisP -1.63 diip=2.33 1 0.65 0.66 2.30
LisP> -0.43 dui-p=2.37 1 0.60 1.48 0.6
Li2Ps -2.75 dp.p=2.22 1 0.83 0.91 0.94
dii-=2.39
LiP4 -1.63 dui-i=2.24 1 0.94 2.27 1.82
dii-r=2.43
Ps -2.94 dpp=2.18 1 0.66 0.66 2.67
Ps -3.64 dp.p=2.25 0 4.80 - -
Ps -3.45 dp.p=2.13 1 1.1 2.5 2.05
Lis -0.72 di1i=3.08 0 1.24 - -
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LiP nanokgmmaepe Yfapéda en sRaddry e&apPddiasdeanrd.8 dlieigenl iy a
BuLixP nanokg¢mel eri ar adseviikdsP khkamhekigimeenerejni kiar ar €
Yéiksakdeg erinin nanok¢gmel erin ki mya ékadioglkeaal.,ar | el é
2014) Dol ayéeseéeyl af eangpg kEflekbikapesphdmad addaesjéenrdian ey ¢ k
sahiptir.

LiPonanok¢mesi ;3ddrvel®mpglramiti B ap é ;bR vedis, nkaanroakr¢lmed éerr .i
ise piramit yapéda en kararl edeér.

Bu -al ékmadaki b¢eteéen nanokpamedlesmegiPzeAny nles ek él
ve Yy iksdeel eE i ne sahip ol arak en kararl & LisBnokyg¢me
nanaoeldi en d¢e¢kek nkdbBperf eher ki myaskl karal él ej é

5. SONUC¢LAR

Bu -al égRrRmadakimel erinin yapésal ve elektronik ©°z
3 at omun iszerinde k¢mel enmemegd ytl er mearkek, meP oad
bakl amékt ér . ;nBwn o-kglmeksma ean lyick sek kel €irfi nensmrjhii y
Lism>nanokg¢ mesi i se en d¢keéek kohesif enerji ve HLG
g°steren yapéder.

TEKEKK! R

Bu araktérmada yer alan t¢gm n¢gmeri k hesapl amal a
Hesapl ama Merkezi onde (TRUBA kaynakl arénda) ger -
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Abstract

Seismic Performance of a Typical Unanchored Liquid Storage Tank In this study, the seismic
performance of dypical unanchored industrial ligustorage tank located in the Kocaeli industrial
region, where the earthquake risk is high, is studied. To determine the seismic performance of the tank,
a 3D finite element model was created using the ABAQUS finite eiepregram. The developed tank
model is based on the springass model, where the liquid content is modeled as two-pwsses
attached to the tank wall through springs. This approach is based on APl 650. In additiodituihink
interaction, tank basaplift, tank sliding on its foundation, and tank material damage were included in
the analyses performed. The seismic analyses were performed using 11 actual earthquake records, which
were selected in accordance with the new Turkish Building Earthquale (20#8) and scaled to fit
the design spectrum of the region. Tank base sliding, base uplift, tank top deflections, and material
damage were monitored to determine possible tank damages for those located in the region.

Keywords: Liquid storage tank-luid-structure interaction; Dynamic analysis; Uplifting

Ankrajsez Tipik Bir Sanayi Séveée Depolama Ta
¥zet
Bu -alékmada, deprem riskinin y¢ksek ol duju Koc
eden tipik ankrajsiz bis anay i tankénén deprem y¢kleri altend
deprem performanseéeneé belirl emede ABAQUS sonlu
ol ukturul muktur . Tank anali z model i API 650 ta

Mode| 6i ne dayanmakstéeavEére.t kTidmrelkkédmit allfkk énda zeminl e
davranéké (zemin ¢zerinde kayma ve zemin ¢zerin
edi | mi ktir. Deprem anali zi in-ei N 2y0elrBi) Tugrgku nBiond aa rL
adet ger-ek deprem kaydé b°lgenin tasarém spekt
Tankén zemin ¢zerinde yaptéjeée kayma, tepe nokt a
havaya kal kmaseéa wWwastnahkhtrabel url enmi ktir.

Anahtar Kelimeler: Sévé depol aynaap ét aentkkéi ;| eXé vrmé Dinami k anal
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1. INTRODUCTION | 15

Large capacity groundupported steel cylindrical tanks are important structures for industrial
facilities such as petrochemical plants, public water supply systems, and food and chemical processing
plants. In general, they are used to store environmeritatardous liquids including flammable and
combustible liquids such as fuel oil. In addition, they are crucial parts of public water supply system,
and they are need immediately following destructive earthquakes for ensuring safe supply of drinking
waterto avoid outbreak of diseases. At some critical industrial facilities, they are also needed as water
storage tanks for poestarthquake firefighting. Failure of at grade ligstrage tanks due seismic loads
has frequently resulted in spillage of toxictarals to the environment and atmosphere with disastrous
effects and fires following terrifying explosions as occurred, for example, following the 1994
Northridge, the 1995 Hanshin (Kobe) earthquake, and the 2011 Eastern Japan earthquake (Erkmen,
2017). Erthquake damage to the steel ligatdrage tanks can take several forms. The Common modes
of failure, which are given in Figure 1, are wall buckling, sloshing damage to the roof, and explosions
due to rapid loss of the contents (Malhotra et al., 2000).

(b) (c)
Figure 1 (a) Elephant foot buckling, (b) sloshing damage, and (c) fire damage

Depending on their foundation type liquid storage tanks are classified asnecletired
(unachored) and anchored. The saithored tanks, which are nmiechanically connected to their
foundation, rest on the foundations and depends mainly on their weight to resist lateral forces including
shear and overturning moment. Because-aathored tanks are not mechanically connected to their
foundation, they doot require substantial foundations and attachment mechanism. On the other hand,
anchored tanks are connected to their typically massive reinforced concrete foundation using mechanical
steel anchors. This type of connections and foundation can signifiéaotease the total cost. In
general, the tanks located in zones of high seismicity are recommended to be anchored if the ratio of
safe operating height (H) to tank diameter (D) exceeds two to prevent their uplift, overturning, and/or
sliding movements. khough sliding and overturning motions are not very common for tanks with H/D
smaller than two, the uplifting is still very common. For example, a 30.5 m diameter and 9.1 m high
tank uplifted 350 mm during the 1971 San Fernando earthquake, during theLd®@9 Prieta
earthquake, two 12.8 m diameter and 8.5 m high tanks uplifted 150 to 200 mm, and a large tank uplifted
450 mm in the 1964 Alaska earthquake (Erkmen, 2017).

During earthquakes, all the mass of unanchored tanks and the content contribute to the
overturning moment while only a small portion of the mass contributes to the overturning resistance.
Therefore, unanchored steel tanks are especially susceptible to damage during earthquakes. For
example, during tankase uplift, tank baseplate may notatee to conform to the displaced shape of
the tank, and the weld between the baseplate and the tank wall/shell may not be able to accommodate
the tension stresses that develop in this area. In such cases, fracture of connection between the baseplate
and tak wall/shell may occur. In addition, basplift of tanks can be accompanied by large
deformations and major changes in the tank wall stresses especially when the seismic loading reverse
and the formerly uplifted segment moves down impacting the grouhisthiaducing high compression
stresses into the tank shell.
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Seismic performance of liquid storage tanks is a matter of special importance, extending beyonp 16
the economic value of tanks and its contents. Liquid storage tanks located in earthquake pmosie regi
should be designed with extra attention to ensure that they experience limited structural damage. In this
study, the seismic performance of an existing typicalasgthored industrial liquidtorage tank located
in the Kocaeli industrial region, whetlee earthquake risk is high, is studied. To determine the seismic
performance of the tank, a 3D finite element model is created using the ABAQUS finite element
program. The developed tank model is based on the sprasg model given in APl 650 (American
Petroleum Institute). Under selected recorded ground motions, tank base uplift, tank roof drift, tank
sliding on its foundation, and tank material damage are determined. The finds are valuable to evaluate
seismic performance of similar tanks located in tbgion and to determine the need for seismic
retrofitting.

2. Method of dynamic analysis

Earthquake behavior of liquid storage tanks is highly complex due to “sfuidture and
structurefoundation interactions. Under lateral loads the liquid contentMeshsignificantly different
along the tank height. The liquid content located near the bottom levels of the tank undergoes
synchronized vibration with tank itself. In other words, this liquid vibrates with the tank fundamental
period and rigidly moves wittank. This portion of the liquid is known as impulsive liquid. However,
the other part of the liquid located in the vicinity of liquid free surface vibrates irderigd sloshing
motion creating surface waves. This liquid is known as convective orirgioltiuid. The dynamic
behavior of liquid storage tanks may be predicted by representing the convective and impulsive liquids
using singledegreeof-freedom (SDOF) systems known as mechanical or spnimgs models. The
model, which is shown in Figure 3, uised by American Petroleum Institute, AP1 650 (2020), Eurocode
8 (2005), and Turkish Liquid Storage Tanks provisions (2022) to predict seismic base shear and moment
for tanks.

C 5
= = MWW
) ’ m,
H | B ‘._1"._1 ‘hL
| o
LR T h; m, i
ey

Figure 2 Tank springnass model (Malhotra et al., 2000)

The springmass mdel was developed by Graham and Rodriguez (1952), Jacobsen (1949), and
Housner (1963) for rigid tanks, and modified by Haroun and Housner (1982) for flexile tanks. The
mechanical models replace the tdigkiid system by a springhass system, which considety
simplifies the evaluation of hydrodynamic forces and computational costs. For the mechanical spring
mass analogy, the relationships to calculate the mass and spring properties (i.e., mass values, spring
stiffness, and mass location along the tankhigigf convective and impulsive components are given
in API 650 seismic provisions.

3. prototype tank

The selected tank, which is shown in Figure 3, is a liquid stiren tank. The tank diameter D is
10.7 m, and the height is 12.4 m. The operating heightwtllicpntent is 11.4 m. The tank has a conical
self-supporting roof, which is 1.0 m in height. The tank wall is constructed using ninel.4 m width S235
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steel grade plates with varying thickness. The tank shell plate thickness varies between 10 mm, whic[h17
is used for the first shell course, and 6 mm for the top shell course. The roof plate thickness is 5 mm,
and it is supported by UNP100-¢hannels located radially at 18 degrees. The channels are lateral

supported by two rows of L665x65x10 steel angle sectionaddition, the tank roeshell connection
is supported by UNP140 channel as top wind girder.

The tank bottom plate is 13 mm in thickness. The tank rest on a reinforced concrete mat
foundation with a pedestal without any mechanical connections. Invetinds, the tank is seéinchored
and free to uplift and slide over the foundation. The clear distance between tank pedestal edge and tank

shell plate was measured as 34 cm in the field. Therefore, tank sliding should be controlled and smaller
than 34 cnunder seismic loads.

it

2 mm L

8 mm

8 mm

10 mm

p! ;,.r_g‘::':;. @ Fad Elf[;qﬁw;":’
Léj

1

|k

Lot
[]

Figure 3 General view of the tank and wall thicknesses of the tank
3.1. Tank Finite Element Model

The tank 3D finite element model is developed using ABAQUS software (2021). The developed
model is shown ifrigure 4. Tank roof framing is modelled using B3ade linear beam element, and
tank shell and bottom plates are modelled using S4R shell element, whicidea doubly curved
general purpose reduced integration element. The tank reinforced cdognelation was modelled as
a separate part using S4R shell elements. For tank plates and roof frame elements nonlinear material
definition was used using typical stregsain curves for S235 steel grade. The foundation was modelled

using elastigperfectly plastic material properties for class C30 concrete. The nominal mesh size for
beam and shell elements is 25 cm.
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Figure 4 Tank shell, roof framing, and foundation
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The liquid masses for convective and impulsiteenponents were connected to the tank wall as | 18
shown in Figure 5 using a reference point to assign liquid mass and another reference point to connect
the first reference point to the tank shells through coupling constraint. Finally, the dynamic interaction
between the tank and its foundation was modelled using contact constraint with separation to capture
tank uplift. The static and dynamic friction coefficients between the two surfaces are taken as 0.57
(Rabbat and Russell, 1985). The required parametattsfioe tank springnass model are given in
Table 1 and computed using API 650 seismic provisions. Most of the tank liquid (79%) is vibrating in
the impulsive mode while only 21% is sloshing. The impulsive and sloshing periods are computed as
0.4 and 3.4exc, respectively. The tank selieight and liquid initial hydrostatic pressures were applied
as static loads. The ground acceleration was applied to the foundation in a following implicit dynamic
analysis step.

Contact
Interaction

Figure 5 Tank shell, roof framing, and foundation

Table 1: Tank springnass model parameters

Parameter Value
Liquid density 909 kg/nt
Liquid mass 940,000 kg
Kmpul si ve mas s 740,000 kg
Impulsive height, H 4.7 m
Kmp u | psriod; B 0.4 sec
Convective mass, M 200,000 kg
Convective Height, H 8.6 m
Convective period, Tc 3.4 sec

4. time history analyses and results

Per 2018Turkish Building Seismic Code (TBDY) (2022), a set of 12 recorded ground
acceleration records given in Table 2 are selected from the Pacific Earthquake Engineering Research
(PEER) Center database (2022) for tank time history analyses. The sedeoted include earthquakes
from tank location and nedault records since the tank location is close to Main Marmara Fault. The
selected ground motions are scaled to match the design spectrum from AFAD (2022) for the site as
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shown in Figure 6. The grodnmotions are scaled so that their average spectrum will be above the| 19
design spectrum for period range between tank impulsive p&ratt liquid convective periotc.

A Summary of tank seismic response expressed in terms of tank maximum sliding,ttop drif
and base uplift at the right and left sides is given in Table 2. The maximum tank sliding over the
foundation is between 4 and 92 mm with an average value of 31 mm. The slidingavfcbelfed tank
is supposed to small and that is the reason thatateyot anchored. APl 650 recommends 2.5 cm
sliding limit for design. Tank maximum base uplift varies between 4 cm and 50 cm on both sides of the
tank, and the average maximum tank uplift is 17 cm. These levels of tank base uplift can be critical for
tankpiping therefore piping should be design flexible enough. Tank drift values are between 11 and 75
cm with an average value of 28 cm. Tank roof and base sliding and uplift displacement histories under
GM5, which cause the largest displacements, are shoviaigure 7 and Figure 8. Tank sliding as
expected occurs only when base shear is largen than the friction force and occurs over a much smaller
time duration. However, tank sliding displacement is in one direction and it is not a vibration type
motion.

Table 2: Selected recorded ground motions

Ground Name Year Station Dist.)
motion

GM1 Helena Montana 1935 Car. College 2.9
GM2 Victoria Mexico 1980 Cerro Prieto 14.4
GM3 Morgan Hill 1984 Lake Dam 0.5
GM4 Duzce Turkey 1999 Lamont 375 3.9
GM5 Chi-chi Taiwan 1999 CHYO074 6.2
GM6 Tottori Japan 2000 TTROO7 11.3
GM7 Bam Iran 2003 Bam 1.7
GM8 Parkfield CA 2004 Cholame 4W 4.2
GM9 Big Bear 1992 Fire Sta#36 41.9
GM10 Joushua Tree CA 1992 Fire Sta #36 22.0
GM11 Duzce Turkey 1999 Irigm 498 3.6

@ closest distance to earthquake generating fault in km.

35
— Design

3.0

Spectrd Acc. ()

0.0 05 1.0 15 2.0 25 3.0 35 4.0
Period, T (sec)

Figure 6 Design and average spectral spectrums
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Table 2: Summary of tank seismic performance

/

EQ Sliding Top Drift  Uplift (R) Uplift (L) PEEQ
(mm)  (mm) (mm) (mm) (%)
GM1 32 137 54 80 0.3
GM2 15 284 186 122 1.0
GM3 47 522 216 333 3.2
GM4 4 117 39 81 0.1
GM5 92 47 285 502 11.0
GM6 9 105 68 57 0.2
GM7 21 238 148 106 0.8
GM8 84 421 123 240 1.2
GM9 25 239 136 168 2.5
GM10 7 128 89 79 0.1
GM11 11 150 94 84 0.2
Maximum 92 47 285 502 11.0
Minimum 4 105 39 57 0.1
Average 31 281 131 168 1.9
800
600
£ 4m
£ 20
7 200
B 100
-600 —— Rodf Drift, GM5 —— Sliding-GM5
-800
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time(s)

Figure 7 Design and average spectral spectrums

| 20
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Figure 8 Design and average spectral spectrums

Figure 9 shows maximum equivalent plastic strain (PEEQ) contours for the tank under GMS5,
which causes the maximum tank base uplift. Material yielding is observed at wall shell tank base plate
connection region. Due to tank cyclic uplifting this region igjscted significant tension and
compression stresses. However, the yielding region is constrained to a small tank shell height. Because
the material may significantly yield at this connection region and due to large axial compression loads
at the base dhe tank, tank elephaffbot buckling can be observed at tank base. In addition, the large
PEEQ values are observed at weld region of shell and base plate connection. Therefore, this weld is
critical and should always be checked after any seismic evenk. dylic base uplift also creates
significant stresses and material yielding for the tank base plate. However, this yielding is limited to the
plate in the vicinity of base and shell plates connection region. Tank wall shell plate PEEQ strains
decreasedgnificantly over tank height. This indicate that tank being-aatthored minimize tank shell
stress while tank base uplift cause high stresses and strains-basgnkonnection region.

PEEQ
Envelope {max abs)
{Avg: 75%)

+1.142e-01
+9.158e-02
+6.893e-02
+4.62%-02

+2.364e-02
+1.000e-03
+0.000e+00
Max: +1.142e-01
Elem: TANK-1.3238
MNode: 4551

i i
"

Figure 9 Tank PEEQ contours under GM5

5. Conclusions

Seismic performance of an existing typical seithored industrial liquidtorage tank located
in the Kocaeli industrial region is studied using API 650 spnrags model approach for liquid content.
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3D finite element model is created to perform tanknsiiperformance under selected 11 recorded 22
nearfield ground motions. Tank sliding and base uplift over its foundations are considered in the
developed nonlinear model. Based on computed tank seismic performance, the following conclusions
are made:

1. Liquid modelling with springmass approach is easy and computationally reasonable.

2. For the stiren tank studied average maximum tank base sliding over its foundation is
approximately 3 cm while the corresponding tank base uplift and tank roof drifts are 17 cm
and 28 cm, respectively. Therefore, tank piping should be flexible enough to remain
functional and intact under these levels of tank relative displacements over its foundation.

3. Significant tank shell and base plate yielding is observed at tank shell angléi@zse
connection regions, where tank cyclic base uplift occurs. These regions are critical for
elephantfoot buckling and the weld between wall shell and base plate is a critical weld that
needs to be checked after seismic events.

Tank base plate yieldinis limited over a small region, which increases with tank base uplift.

5. Tank being selanchored or unachored reduces tank wall stresses and material yielding
along the tank wall. However, tank sliding, and effects of base uplift are disadvantages of
sdf-anchored tanks.
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Bu -al exmada Textile Reinforced iMorthaseéen( TRM)N a
betonarme d°kemel erin bel irli bir yéksekl i kt en
davranékénén sayésal ol arak incel enmesi ama-1 an
Kekill eri -ekitlilaklg°atdet melkotOeDkilr0.00X 8P| aao€md b o
d°kemel eri, farklé kerit genikliklerde ve farklIl e
ile ge¢-lendiril mick betonarme d°kemel erde deney:
sonucuda el de edilen dejerler, LS DYNA adleée bir S
yardeméeyl a anali zi yapélan d°kemel erin neg meri k
Bet onarme d°kemel er ortogonal v el idjiiynadgeoknia | T FOM akr e

kull aneéel ar ak gé-lendir
yé¢kl erinin sonucunda e

i Ktir. TRM il e gé-1 en
| d
deplasmafz aman dej i Ki m grAyfn&

m

e -zandah, l[deplasmématma@ama r nvee dkakl €
|l zzamarfda ¢d v exkmede ol uka
B

hal i nde gesteril miktir. u -al ek ma sonucunda,
bet onar me d°kemel erin davranéxkl ar e iczerindeki
yoruml anméxgner.i KAysscdrcua- | ar én deneysel sonu-1ar e
Anahtar Kelimeler: Text il e Reinforced Mortar (TRM), Bet ona

Davr anéck, LS DYNA, Sonlu El emanl ar Anal i zi
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Numerical Analysis of the Behavior ofSlabs ReinforcedW&-h Tr m Under t he K nma

Abstract

In this study, It is aimed to numerically investigate the behavior of the reinforced concrete slabs
reinforced with Textile Reinforced Mortar (TRM) material under the impact load of thedragsed
from a certain height. The directions and the shapes of these textile materials vary. A total of 17
reinforced concrete slabs of 1000x1000x80 mm dimensions were reinforced with TRM in different strip
widths and in different directions. First, exjpeental studies were carried out on reinforced concrete
slabs reinforced with TRM. The values obtained as a result of these studies were compared with the
numerical result values of the slabs analyzed with the help of a finite element solver compuden progr
called LS DYNA. Reinforced concrete slabs are reinforced orthogonally an diagonally using 50 mm and
100 mm wide TRM strips. The acceleratitime, displacemertime, and permanent displaceméinte
graphs of the reinforced concrete slab obtained asudt i the impact loads acting on the reinforced
concrete slabs reinforced with TRM were measured. At the same time, the damage to the slabs is shown
in color graphics. As a result of this study, the effects of impact load on the behavior of reinforced
concrete slabs using the strengthening method were determined and interpreted as numerical analysis.
Additionally, numerical results were compared with experimental results.

Keywords: Textile Reinforced Mortar (TRM), Reinforced Concrete, Impact Load, DynBetiavior,
Finite Element Analysis, LS DYNA
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2. Y°ntem | 25

Bu -al ékmada test edi |l ecek ol an d°kemel erin
aral ej e, 150 mm, -ekicin ajérléejée 84 kg ve -eki
sabit tutul muktur

keki Be2oharme d°kemelerin deney d¢zen

%‘ 1000 }

X 1000

na
-=-{ 50 [mt-£50 ot 150 -4 150 -+ 150 = fomt- 150 - 156-==| 50 %
@6/150
Sl e—— 3
1ojr 80

} 1000 }

keki Be2o2arme d°kemel erin donaté yerle

¢tal ékmada 100mm ve 50mm geniklijinde iki far/l
Kekli dejikkendir. ¢al ékmada twpoblamgaSL1lsd cdemt SUT?
numar al andérma yapél méktér (¢izelge 2.1).
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| 26
¢izel Pen2ylnumunelerin ©°zellikleri
- D¢ken TRM Baj TRM
Deney Elj¢eki- Ay, ksel kekli| kerit Yerl d
S1 (Referans) | | | e Referans
S2 (C50s0r) Carbon 50 mm
single ortogonal
Carbon 50 mm
S3 (€50dO0r) doubleortogonal
S4 (C50sDi) C_:arbon_ 50 mm
single diyagonal
; Carbon 50 mm
S5 (C50dDi) . double diyagonal
Ankr aj
S6 (C100s0r) C_arbon 100 mm
single ortogonal
Carbon 100 mm
S7(C100dOr) double ortogonal
S8 (C100sDi) Carbon 100 mm
singlediyagonal
: Carbon 100 mm
S9 (€100dDi) 84 kg 1500 mm double diyagonal
S10 (C50s0r_A) ~ Carbon 50 mm
single orto
Carbon 50 mm
S11 (C50dOr_A) doubl e ortog
S12 (C50sDi_A) _ Carbon 50 mm
single diya
. Carbon 50 mm
S13(C50dDi_A) | double diyad
Ankr aj
S14 (C100sOr_A) _ Carbon 100 mm
single ortodg
Carbon 100 mm
S15 (C100dOr_A) double ortof
S16 (C100sDi_A) _ Carbon 100 mm
single diya
: Carbon 100 mm
S17(C100dDi_A) double diya:¢
B u -al ékmanén sayeéesal anal i z bl ¢m¢gnde, -ar
dinami k analizini ger-eklexktirmek i-in LS DYNA
Artteéeréel méek dinami k analiz i-imnéhméail eu. sBrtoc¢n
kul l aneél an birimler: kg, m, Pa, sn, N ol ar ak d
akaj éedaki gi bi séralanméxteéer.
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T Geometrik modelin olukturul maseéeé | 27
T Mal zeme °zell ikl eri ve davranéklarén belirler
T Yék ve kmxkauuhdtar én belirl enmesi

T Analiz d¢zenl emelerin yapél masé

2.1 Geometrik Modelin Olukturul maseée
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keki Deheysel modelin LS DYNA programénda

2.2 Malzeme ¥zellikleri ve Davranékl arénén Belir

Bumodelded ar bel i y¢kl ere maruz kalan go°megl ¢ -el il
i-in MAT72 CONCRETE_DAMAGE_REL3 kull anél mékter
kull anér. Hasar ve ger-Tensmda@gaaécl at aklrbesapl anma

Darbe ve patl amda]dikbii rynek shheek ék ek ikli si nde y ¢kl e

mal zemel erin mekani k davranékl|l aré ydarg ixttat ime g
et kisi, mal zemel eri n biasarnt-t éreér-.e kBne meudkervieemestd ye
etkisinin dikkate al é&nmasénén, darbe ye¢ke¢e alteén
modl|l arénén dojru bir kxekilde dejerl endirildk mesind
ve beton mal zeme modell erinde yaygén ol ar ak, ge
dejikimini ifade eden bir fonksiyonla dahil edi/l
Beton ve -elik mal zeme&klieri ndgz draihrd ex gd rmerki m -H énz 4
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denkl em sunul muktur. Sayeéesal -al @ékma kapsamé|nzga
dayanéménén DIF6&6 | eri kull anél ér ken, -eli k dona
kul mareEr Betongeail ziemesi an@ndaki basén- ve - ek
Denklem 1.206 de sunul muktur.
Denklem 1.1
"Q LA Y AV ’
soog TRIeWER paoeL ol o
Q T oY "Q ¢ CLWE ' Q o8 X TTRE | ot
Denklem 1.2
"0 ™® e € Q ¢8ro Q¢ 1 pi
"Y'O"O"Q§ CuaéeQ ¢8ro Q¢ ipi ci
P8 To@@ Q ¢& ¢ X Q¢ ici p it
Burada CDIF ve TDI F, beton i-iM®ve®rakreyl a ba
oranéndaki di nami k basénQ vev & s-éerkanseé y dv @y abnacéneéhpa-r
dayanéml ar éder .
¢téi k donaté el emanlarén materyal °czell ikl er
MAT_PIECEWISE_LINEAR_PLASTICITY (MAT_24) modelini kullanarak elastiastik bir
mal z e me ol ar ak model |l enmi ktir. Bu model de, do

STRESSSTRAI N_CURVE tanémlamasé yapél mékter. Bunun|
7 r

I
a

etkisinin dikkate aléenmaséné saj . Sayeésal mo
orané ve yojunluju séraseéeyl a *sld@@kMRa,né2nd GInE KNP a
-al eékxma kapsaménda, CONSTRAI NED_LAGRANGHEdak N_SOLI
aderans sajlanmék ol unur.

Deneyde kull anél mék ol an TRM g¢-1endirme mal z
MAT_PIECEWISE_LINEAR_PLASTI CI TY ( MAT _24) tanémlama yapél
mody¢l ¢, poi sson oraneée, -ekme dayanémeée gi bi °czel
-alékmada 1mm kal énl éjénda TRM keridi kull anél mé
bajl é& el emanl arén boyutl aréndaki model |l emede 1
zamanda beton ¢zerindeki -al DR1pEBRREMEGCOMAdEeyapéE

Deney mekanizmaséna d¢ker ¢l ea yepékéerled&«n cL 8
mat eryal késméndan 020 _RI GI D kullanél mékteér. Pro
istenil mixktir. 84 kg ajérlejénda -ekicin taneéeml
programa girilmiktir.

2.3 ¥NM&swet Kokull arén Belirl enmesi
Mesnet ol arak sadece x, y, z hareket y°nleri

berakéel méxkter. B°yl ece deney mekanizmaséna wuygun



/ /

(a7 13. UBAK, 11 / 1®art 2022, Online, Anka usre

0d0r A = ¢
File Msc View Geomety FEM Applicsion Settings Help Enity Creation | 30

7 Altbag Ostow ®Ce OMod ODel | 3

= ShelRefGh | ePart RefGeo

iy Applcation one

i gg:;d;::ed SetD Tite(Optional) @‘d CU

R i Cunve

g:gi':fe bR o oM | “ Sorf

rent Ul

. a

Inicial Al Mone | Rev Cad | PartD  Solid

Integration
Load Apply Gancel Wiite M| !3

ZE&‘D’;” 2 - mesnet_rev (nodenum=1000)(sub:1 "jflay GeoTol
set e vl §
e e Mf%?
*SET_DISCR g
e o S
¢ ‘ZE:ZZEIL[IJ- lection E;.hu‘
~*SET_TSHELL
Sel. Nodes(0) Se\éct @-‘
@pe QB (0 Adjcem | @ ByNode: ) E
Qams QP (104t e | OBvERm > MS
Qray Qe oy Opypant ubsys
Qs Qfen 8""‘ bl B/GP é‘ s
(Osshe (QPlan Save Obysisys @ ity
I Lod | (OBysetiGp | fOUPS FE;;I
[Jtabe secion [Ja05sf [Jesre | Dokt 8:::3: ]
[P [Jadzn 5 Whoie Opysem lews
= el
Calor
L8 99 909%9 8 @ ¢,Y. 8 w BT
Option | Hidele ShaFle VieEle WirEle Feat Edge Grid Mesh Shrink SectMo Fringe Unref | EdgGeo ShaGeo WirGeo | ShfCir < >
keki Me2né4t atanmasé yapeéel ma ikl emi
Bu -al ékmada herhangi bir statik y¢kl eme sz
-eki -, 1.5m mesafeden berakél ar ak bet on yézeyi
g¢é¢-lendiril mi kK betkonrarkmes id?C knecned yeen ndikntami. Bu di n:
i -1in I nitial _Velocity_Generation tgnéml ygrhagadeyg
ol ukmaktadeéer . Héz tanémlanmasé yapmak -ekicin
anéndaki ekhiengiye do°n¢gkteireéelerek hesapl amal ar ya
programa tanémlanméextér

2.4 Analiz D¢zenlemelerin Yapél masé

Bu késémda sistemi analiz etmeden ©°nce yapel
sistemlere kontaly ¢ z ey i tanémlamal aré yapeél maktadeéer. Kont
nereye hangi sénér kokull aré alténda nasél aktar
MASTER ol arak tanémlaneér ken, kuveent ammakt ar el K&
yézeyi, 1 ki tane birbirinden ragzm£f @rair -adjalrayaamse

CONTACK_AUTOMATI C_SURFACE_TO_SURFACE kont ak
bajl antésénén araséndaki nkaosntteark ptlaankéaml ialkhen® K s lod v
tanémlanmékt ér . B°yl ece -eki-teki kinetik enerj.i
beton el emana aktar él mék ol ur

TI EBREAK_SURFACE_TO_SURFACE kontak el emané T
ar as ébnadjalkaint eéyée sajl amaktadeér. Bu kontak el emanc
Keritleridir. Bu kontak el emanlaré tanémlarken
Ancak ankrajlée olanlarda TRM wealiudteur wnli mal?2édféar.
ankrajl é kéesém dékendaki el emanl ar TI EBREAK il €
segment , master ol an késém part ol arak se-il me
czel li7Ji 2 malizéme i adeséscyrieima ©°zellijini ma n
-aléekmada 10MPa dejerinde bir séyrél ma sénéré |
aktaréemée ger-eklexktirilirken 10MPaydejjeacamliam&mna
gelmektedir.

TI ED_SURFACE _TO_ _SURFACE kontak el emané ankr
yé¢zeyine tam bajlé ol maséné sajlar. Beton il e TRK
birbirleri il e et kil leean@ain@in dsaajsll arvéer .ol Biin KTt xle r i t
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model i di
TRM «Keri
se-eneji
yapél méecx

bajlantésénda slave ol an sepgmpe
czerine gelecek ol an ankr aj b
atamasé yapeél méektér. B°ylece s
2.

6 - TRM_Tiebreat (subi1)

Cre

) ident
Opely ) WCad
Type SegmentSet  Keyin

M None | Rev

® @ ®, 0

eat Edge Grid Mesh Shrek S

9w R

eamo Fringe  Unrel | EdgGeo ShaGeo WirGeo

260 OB @ &, U

& Vietle WrBo Fest Edge Grd Mash Sk SecMo Frage e

Dere

ensesect cear
serscqment resaust s oome quat 999680 -0.000057 08

keki MEBREBK ve TIED kontak tanémlanmaseé

3. BULGULAR
Arakt ér maneén bu késménda, negdp ma aka@aramwei nivmen
deplasmarz aman °1| - ¢ml er i il e LS D-¥ahan vp deplgsmaamann d an a
dejerl eri karkél akt ér el mékt eéer
Kv ma@man, deplasmana man n¢meri k ve deneysel sonu-1aré
-i zel gekneisnrméonrdaan hem deneysel hem de n¢gmeri k deje
dejerler grafik havéenkekil g3s2éridcde &ehul m@ktur
N¢meri k -aléeékmada -eki- betonun hemen y¢gzeyin
1, 5 metreden bérakma s¢ iresi héez tanémlanmaséndan
i vme dejerl eri daha ge- s¢rede -izilmeye baxkl ani
el amanénén gesteri mi koyuld mdeajterl erBgtyea kKemedl
halinde sunul muxktur
¢izel legmé&rik ve deneysel sonu-I|larén g°steri mi
Tvme (g) Maksimum Deplasman (mm) | Kalci Deplasman (mm)
i Numune . e
Deney No Ad Deneysel Ls-Dyna Oran | Deneysel [ Ls-Dyna | Oran |Deneysel |Ls-Dyna | Oran
Max Min Max Min
1 Referans | 218.64 |-171.97] 377 | -364 | -42.01 | -2.930 275 6873 | 1.124 | -0.548 [105.100
2 C50s0r | 351.66 |-207.08] 357 | -444 | -1.30 | -2.377 2223 | 6928 | 0333 | -0.433 [23.005
3 C50d0r | 46139 [-20000] 342 | 354 [-1487 ] -1846 | -1.7172 | 7500 | 0257 | -0357 [-28.011
4 Cs0sDi | 40949 [-34861] 390 | -395 | 500 | -1.564 152 | 2895 | 0247 | -0300 [-20065
5 Cs50dDi | 534.35 [-384.28] s14 | 609 | 396 | -1.122 113 | -0708 | 0216 | -0245 [-11.837
6 C100sOr | 411.00 |-19482] 423 | 404 | -2.82 | -1.512 -1.43 5734 | 0411 | -0.267 |53.933
7 C100d0r | 53041 | 28067 515 | 421 | 200 | 1072 128 | 0625 | 0130 | 0255 [-45400
g C100sDi | 468.75 | 26866 437 | 456 | 727 | -1.287 134 | 3055 | 0207 | 0281 [-26335
[} C100dDi | 626.17 | -286.34| 550 | 430 | 12.02 | -0.004 0006 | -0200 | 0072 021 |-65714
10 C50s0r A | 405 [-184.72] 414 | 441 | 217 | -1.3512 -157 | -3.694 | 0463 | -0.207 | 55.802
11 C50dOr A | 436.07 [-157.13] 610 | -466 | -28.51 | -1.263 -127 | -0551| 0249 | -0.183 | 36.066
12 Cs0sDi A [ 48230 4021 | 472 | 381 | 220 | -1.215 123 [ -1220] 0224 | 0244 | -8.197
13 C50dDi A | 631.15 [-342.84] 587 | 475 | 752 | -0.713 -0.734 | -2.861 0.2 -0.145 | 37.931
14 C100s0r A | 484.71 [-250.63] 437 | 404 | 1092 | -1.394 -135 [ 3250 | 0362 | -0.262 [ 38.168
15 C100d0r A 62694 | -361.3 ] 478 | 350 | 31.16 | -0.892 0946 |-5.708 | 0.105 | -0.214 [-50.935
16 C100sDi A | 55441 [-35072] 462 | -359 | 2000 | -1.007 107 | -5888 | 0138 | -0236 |-46.004
17 C100dDi A | 73986 | 4173 | 644 | -359 | 1489 | -0.672 -0.668 | 0.599 0.1 -0.148 [-32.432
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kekiIS15. deney el emaméan depéabenh
keki IS15. 8eney el emanén -arpma anénénda bir
VE ¥NERKLER
ékmada el de edilen sonu-turar akaj éda maddel
é€kma kapsaménda geliktirilen g¢-1endir me
pma y¢é¢kl emesi etkisi altéendaki genel davr a
terdej e ger ¢l megkt ¢r be¥onaeairimen dggkemeher i me
itliklerini arterarak -arpma y¢ ¢kl emesi e
erlerinin °neml:i oranlarda artmaséneé sajl
onar me d°kKemel erinyl-ear mempadaynégak | @ mk e n baki
érl andér méxkt ér , -atlak sayésénée ©°nemli ° |
isiyle °1-¢len maksi mum depl asman dejerl e
stik deplasmanadagpalt mékt ém¢yEkdoraddl en
l endi r me met odunun -ar pma yékl emesi sonu
riinin bakareél é bir kekilde s°n¢gmlendiril e
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T Betonar me d°kemel eri n & nadapkma dyaévkrlaennéeKinare'etpgis
geliktirilen g¢-lendirme teknijinde -ekme yg¢:
kull anél maséeé ve TRM keritlerin diyagonal for
betonar me d°«kegrkdleenreisn -paergdgma manséené daha bg¢y

T ¢ift dojrultulu betonarme d°kemelerde g¢-1 en
TRM keritlerin geniklikIlerinin artmaseé, -arp
fazlaolumluetk | emi K ve g¢-lendirme y°nteminde el de

T TRM keritler czerinde -arpma y¢klemesinin uy
karbon tekstil i fl er il e cretilen ankrajl a
ye K1 emesi et ki si altendaki genel davranéxkl ar é

daha fazla artér mékteéer .

TEKEKK! R

Bu - al é klnbal, 0 62 0k2o0d numar al é AfKarbon tekstille
gé-lendirilmik -efdePdemebetiuhu-bepmaay@mkl emesi |
deneysel ol arak incelenmesi 0 projesi kapsaméende
taraféndan desteklenmi k olup ESOG, BAP Birimine
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Karbon Tekstdle Takvare Eddméa D° Kk @é@metlaarp @@\ | Eteknda Te s

Edd@mesave Ankraj Etks@m@&@ Knc eéd enmes

Knkaat MH{dabae @GaG srid,al, Dr . ¥jret iem Keteesd®r Havjame tSie
l'yesi Hakban HErfagletim |y%®esi Tolga Yeél maz
‘Eski kehir Os ma, hogudal@gnjaincorver si t es i
Eski kehir Os ma ssgngad@ogu.eduitrver si t esi
*Es ki kehi r! rOisvnarhegos@ogusedu.tr
“Konya Tekni kyilmaz@ktuneedugdri t e s i |,

¥zet

Takéyécé sistem el emanl ar & kmalrluazn &na | sngarketlaedréir liar
i -erisinde sabit, hareketli, deprem, r¢,¢zg®©©r, sév
bul unmaktadér. Ancak g%z °n¢ne al é@énmasé gerekl:ii
patl ama byi¢ kyie kd er yapénén hasar g°rmesine neden
el emanl aré ¢zerindeki etkisinin araktéreéel maseé ¢
d°kemel erin -arpma etkisi alténdaneg? ot ar piek If ®omrinm
-al ékmamézén amacéné ol ukturmuxktur . Bu kapsamda
edil mik séva katmané ile g¢-lendiril mik ankr aj u
davranéxkl ar é& atjeémilyélke dt¢eksétr mediylommi Kt i r . ¢cal eéxmam
boyutl arénda betonarme d°kKeme hazérl anméxkteér. D
karbon tekstiller i-in ankraj Kart e, Kl eernimti IKetriirn
Kar bon tekstiller d°kemel ere y¢ksek dayanéml é

yéksekl iji, degkegreglen -ekicin ajéerl éje, donateée d
karbon tekstil Keey idl gmaan & |ii Jiin hseabibti rt Wtenl muk v
¢al exmada deney el emanl arénda i vme, depl asman,

zaman taném al anéndaki dejikimleri °l - ¢l mg K ve u
yapél masé duruml ar énda d°kemel erde meydana gel
dejerlerinin ise azalacajé sonucuna vareél mékter.

Anahtar Kelimeler: Bet onar me D° ke me, ¢carpma Y¢ke, Karbon T


mailto:herol@ogu.edu.tr
mailto:tyilmaz@ktun.edu.tr
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Testing of Carbon TextileReinforced Flooring Under Impact and Investigation of Anchorage | 37
Effect

Abstract

Structural system elements are exposed to various loads during their lifetime. Among these loads,
there are loads defined in the regulation such as dead, live, earthquadkehydrostatic loads, soil
pressure. However, another load to be considered is the impact load. Since loads such as various impacts
and explosion loads may cause damage to the structure, it is necessary to investigate the effect of this
load on the elemas of the structural system. In this direction, the behavior of reinforced concrete slabs
under the impact load of and the performance of the reinforced concrete constituted the aim of our study.
In this context, the behavior of slabs under the impaanpgit of the slabs reinforced with a plaster
layer reinforced with carbon textile in different directions and directions was tested by weight drop
method. In our study, 9 pieces of 1000x1000x80 mm reinforced concrete slabs were prepared.
Anchoring conditio, placement aspect and direction of the strips were determined as variables for
carbon textiles used in the reinforcement of the test elements. Carbon textiles were placed on the slabs
using highstrength repair mortar. The drop height, the weight ofitbpped hammer, the reinforcement
arrangement and the concrete strength class, the support conditions, the applied carbon textile strip width
were kept constant for each test element and applied as 100 mm. In the study, the changes in the
acceleration, dgacement, unit deformation and impact load values in the time history of the test
elements were measured and the application; It has been concluded that the acceleration values of the
slabs will increase and the displacement values will decrease if theynade in an anchored,
bidirectional and diagonal manner.

Keywords: Reinforced Concrete Slabs, Impact Load, Carbon Textiles, Anchor.

GKRKK

carpma y¢ke¢g; -arpan nesnenin boyutu, tesir s,
dej i ke ccdjkii sii-ivre b¢yeéekl ¢ ¢ net ol arak bel i ol ma
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Yapél an l'iterate¢r taramaséna g°r e, yapeé el «
eksi klikler gzl emlenmik ve deneyééemektapsamcaglé
-arpma et ki si i-in dijer -alékmalarda da fazl ac
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kullanel mexter. D°keme ¢(zerine enerji aktar emeégg-
temas ettijeat iy zseayjel,ée kkhkuevvakt ar €l masé amaceéeyl a Kk

numunel er ¢zerine 84 kg ajeérlejéendaki -eki- 1,5
el de edil miktir. Deney sonu-1|ar émeéery ern eimain émak ielt
kuvvetin neden ol duju ivme dejerinin tespitd.i io- i
dar be kuvvet algel ayeceéeseé, d°kKemel erde meydan
potansiyometri k kokneurm tallegréd eakyié cheisréi, m toeekdadge rha sy on
kull anél mék ve el de edilen bu dejerler ex zamanl

Toplamda 4 adet deney el emanéna karbon fiber

Ankrajlar,k endi | erine etkiyen Kkuvvet:i aktarma g°revin
karbon tekstille beraber g¢-1lendirmenin bir par
uygul amasé yapél mék ve bu ankmalhdtagn geloanmma nli &kr dod

epoksi yardéeméyla yerlexktirilmiklerdir

kekiDenle.y el emanl|l arénda kull anél an ankr a

Betonarme d°kemelerin g¢-lendiril mesi amaceéey
tekstil kBul &kraglbroghkttéeakst il |l er d°kemeye Vy¢iksek
yerlektirilmicktir. Yerl ektirme i kleminden ©°nce
arttermak i-in p¢reéegzlendirilmiktir.arPgeradrenidanmhb
tekstil buraya sabitlenmik ve karbon tekstil e st
kKuvveti etkisinde tamir harcénén ayrékmaséné ©°r
ol mamaséna ©°zen gRatkon|l meksitri!l | 8°ybh&oeye edil m
uygul amasé yapeéel mékteér
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Toplam 9 adet betonarme d°kemeden 1 tanesjagzglr

her hangi bir gé-lendirme uygul amasé egner -i eskel ekketrii

yerlekim dojrultusu ve y°nyg, ankr aj Karté param

16de ise deney el emanl arénén isimlendirilmesi ve
¢Ci zelDepenely. el emanl| arsén évrne idseijmlkeknedni rtiultnud an ©°

Deney EI A-ékl amasé

Referans G¢-lendirme yapél mamék betonarn

sOr Tek dojrultulu ortogonal ankr aj

dor ¢ift dojrultulu ortogonal ankr a

sDi Tek dojrultulu diyagonal ankr aj

dDi ¢ift dojrultulu diyagonal ankr a

sOrA Ankrajlée, Tek dojrultulu ortogo

dOrA Ankrajleée, ¢ift dofteklstuluuggudg

sDIiA Ankrajlée, Tek dojrultulu diyago

dDiA Ankrajleée, ¢ift dojrultulu diyag

ARAKTI RMA VE BULGULAR

Yér ¢t el en -al ekxma k aganamiepladnaarzamand gerilmezdniah e n i VI
ol - ¢ml er i t¢em deney el emanl aré i -in incelenmik v
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¢i zelDeamedy.sel -alekxmada el de edilen sonu-1ar | 40
Sol Kv m; Saj Kv m( Deplasman | Max. Birim
Deney (mm) g:;ogn ¢carp
Eleman y Y ¢ k¢
No (mm/mm) (kN)
Max. Min. Max. Min. Max. | Kal ¢
Referan| 218,64 | -171,97 216,89 |-96,10 2,939 1,09 | ----------- 31,97

S
sOr 411,09 | -194,82 | 408,65 | -145,38 1,512 0,38 0,00852 32,08
dor 530,41 -289,67 527,88 | -247,74 1,314 | 0,12 0,00479 32,08
sDi 468,75 | -268,66 | 466,88 | -337,46 1,287 0,21 0,00422 32,03
dDi 626,17 | -286,34 623,69 | -378,82 0,994 | 0,057 | 0,00328 31,95
sOrA 484,71 | -259,63 483,22 | -249,17 1,394 | 0,34 0,01001 32,05
dOrA 626,94  -361,30 624,91 @ -263,99 0,892 0,096 @ 0,00565 32,26
sDiA 554,41  -350,72 | 552,19 | -206,77 K 1,007 | 0,12 0,00493 32,03
dDiA 739,86 | -417,30 735,83 | -369,78 0,672 | 0,079 | 0,00387 32,00

Deneysel -aléekma kapsaménda el de edil en ver
d°kemeler ile referans numunesi kéyaslandeéj énda;
depl asman ve maksimum birim deformasyon dejerler
farkl e oranl arda ol mas éreén pma daneit,r ed eejridkekne rk ao/lnaarl

Tek y°nl ¢ gé¢-lendiril mesi yapélan d°e°kemel end e
479,74 g; -ift y°nl ¢ g¢é¢-lendirilen elemanlarda ¢
ol arak ©°1 - ¢ lgmne-kltegnrdi rémefdte yt°enk y°ne g°re %31,50 b
Kerit y°n¢g ve maksimum ivme dejeri ortal amasé ar

700 630,85¢
600

500 479,749

400 -

300 -

200 -

100 -

0

¢S1 1y AAFaG 1y
kekiD°k2mel erin kKkerit y°nlerine g°re maksi m

Karbon tekstbrtegomal epol arak yerlextirildif]Ji
ivme dejer ortalamasé 513,29 g; di yagonal ol ar al
ivme dejer ortalamasé 597,30 gbé6dir . Otataloete na l il
edi |l mi ktir. kekil 36te «kerit yerl ekim kekI: vV e
gesteril mektedir.
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620 | 41

600 597,39

580
560

540
520 513,299

500
480 -
460 -

Ortogonal Diyagonal

kekiD°k®.mel erin kerit yerlexkimlerine g°re ma
Ankr aj uygul amasé yadpel &didemumalkesrn dcnem i vme
2]

g; ankr aj uygul amasé yapeél mayan plakal ardan el d
goébdi r. Ankr aj uygul amasé yapélmasé ile ivme dej
kekiel addktraj kartée ve maksimum ivme dejeri ortal:
620
601,489

600
580
560
540
520
500 -
480 -
460 -

'y1NF2aPi l'Yy1INF2EfP

kekiD°kdemel erin ankr aj Karténa g°re maksi mu

Deney el emanl arénda g°zlemlenen maksi mum depl
bajoll@arak referans numunesine g°re dejikken oranl

Tek y°nl ¢ ge¢-lendiril mesi yapélan d°kemel er ¢
ortalamasé 1,30 mm; -0 ft yenl ¢ gé¢-lendirilen el
ortalamasé 0,97 mm ol arak °1-¢l mgkt¢gr. ¢ci ft y©
gzl emlenmiktir. kekil 50te kerit y°n¢g ve maksi
g°sterilmektedir

1,40 1,30mm

1,20 -

1,00 - 0,97mm
0,80 -

0,60 -

0,40 -

0,20 -

0,00 - N ;

¢S1 Iy AATG 1y

k ekiD°® kBee.mel er i n Ker i tuny °dnelpelra snnea ng °dreef] enra kosritna |

Karbon tekstil Keritlerin ortogonal ol ar ak
maksi mum depl asman dejer.i ortalamasée 1,28 mm;
g°zl eml enen maksi munm adeapsiéa sOmaOmM drenjoéedriir .orGr t ogon al
dejerl eri araseéendaki azal ma orané %22,66 ol ar ak

maksi mum depl asman dejeri ortalamasé araséndaki
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1,40 1,28mm | 42
1,20

0,99mm

1,00 -
0,80 -
0,60 -
0,40 -
0,20 -

0,00 -

Ortogonal Diyagonal

k ekiDl° kee.me |l greird exkearmlteri ne g°re maksi mum depl a

Ankr aj uygul amasé yapélan deney el emanl ar énd
ortalamasée 1,28 mm; ankr aj uygulamasé yapél maya
dejer or t9a lmambadsiér . 0 ,An kr aj uygul amasé yapél masé i
ankraj uygul amaseé yapél mayan numunel ere keéyasl a
ankr aj Karté ve maksi mum depl as maekteddt.ej eri ort al a

1,40 1,28mm
1,20 -

0,99mm

1,00 -
0,80
0,60 -
0,40 ~
0,20 +

0,00 -

Y1 NI 2aPl L'Y1NF 2t P

kekiD° ke.mel erin ankr aj Karténa g°re maksi mum

Deney el emanl arénda g%zl emlenen kal écé depl e
detayl ar éna bajl é ol ar ak farkl el ekl ar Ve
gzl emlenmiktir.

Tek y°nl ¢ geé¢-lendiril mesialyéacpée | daenp Ida®skneame | deer jde
0,26 mm; -ift y°nl ¢ ge¢-lendirilen el emanl arda g°
olarak °Il -¢l mgkt¢ér . ¢ift y°n g¢-lendirmede tek 'y
Kerit y°nd asanakaldedé&rdemrtal amasé araséndaki il

0,30
0,26mm
0,25 -
0,20 -
0,15 -
0,10 - 0,09mm
0,05 -
0,00 -
¢81 .1y 4RFL 1Y

kekiD° k& .mel erin kKerit y°n¢ne g°re kaleéecée
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Karbon tekstil keritlerin ortogonal ol ar|uk
depl asman tchd jagswmaisé 0, 23 mm; diyagonal ol arak yer|
depl asman dej er. ortalamasé 0,12 mmoédir. Aral ar
kekil 96da kerit yerlexkim ve Kkialliekki dged tasrmalnmeake

0,25 0;23mm

0,20 -

0,15

0,12mm
0,10 -

0,05

0,00 -

Ortogonal Diyagonal

kekiD°k®mel erin kerit yerleximlerine g°re ka

Ankraj uygul amasé yapélan deney el emanl arénda
0,19 mm; ankraj uygul almde éegialpen magylasnc ® | k@l ag da
mmoédi r . Ankr aj uygul amasé yapélmasé il e maski mu
ol arak tespit edilmiktir. kekil 106da ankr aj Kar
g ° s mektedirl

0,25
0,20 0,19mm
0,16mm
0,15 -
0,10 -
0,05 -
0,00 -
'y NI 2aPi IL'Yy1NF 2t P

keki D° @®dmel erin ankr aj Karténa g°re kal éce

Deney el emanl arénda g°zlemlenen maksi mum bir
g¢-lendirme detayl aréna bajl é olarak farkIl él ekl a

Tek y°nldirpkbmkeen yapélan d°kemel ende el de ec

dejer ortalamasé 0,00692 mm/ mm; -ift oy°nl ¢ ge¢-1e
deformasyon dejer ortalamasé 0, 00440 mm/°mre ol ar &
g°re maksimum birim deformasyon dejerinde %57, 27
maksi mum birim deformasyon dejeri ortalamasé ar a
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0,00800 0,00692 | 44
mm/mm
0,00700

0,00440

mm/mm

¢S] .1y AXFL 1Y

kekibDoddmel erin kKerit y°n¢gne gfee makal mmml b

Karbon tekstil Keritlerin ortogonal ol ar ak
maksimum birim deformasyon dejeri ortal amasé O,
deney el emanl arénda g°zIl emlyeome nd eek i mamt ald iarmar
mm/ mmoédi r . Aral aréndaki arteék orané %7, 45 ol ar al
maksimum birim deformasyon dejeri ortalamasé ar a

0,00800 0,00724
mm/mm
0,00700 -
0,00600 -
0,00500 - 0,00408
mm/mm
0,00400 -
0,00300 -
0,00200 -
0,00100 -
0,00000 -
Ortogonal Diyagonal

kekiD°HdA@mel eri mleerne gereemaksi mum birim d

ortal amal ar é

Ankr aj uygul amasé yapélan deney el emanl ar énd
dejer ortalamasé 0,00612 mm/ mm,; ankr aj uygul ama s
birim deformasya dej er ortalamasé 0, 00520 mm/ mmdédir. An Kk
birim deformasyon dejerindeki arték oraneée %17, 6°¢

e
kal ecé deplasman dejeri ortalamasé araséndaki il

0,00620 0,00612
0,00600
0,00580

0,00560

0,00540 0.00520
mm/mm

0,00520 -
0,00500 -
0,00480 -
0,00460 -

' Yy1 NI 2aPl Y1 NI2fP

kekiD° @8mel erin ankr aj Karténa g°re maksi mum b

kekil 146te incelenen dejikkenler il e arackt ¢
sunul muktur
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s8ca018|Tovs sseenp| ! AR ssux|vripor ssul MIEHEG, 45
(mm/mm)
Referans 218,64 2,94 1,09
Tek Yon 479,74 1,3 0,26 0,00692
Cift Yon 630,85 0,97 0,09 0,0044
Ortogonal 513,29 1,28 0,23 0,00724
Diyagonal 597,3 0,99 0,12 0,00408
'y 1N 24 509,11 1,28 0,19 0,0052
F'Y1 N 2 601,48 0,99 0,16 0,00612

kekiKnddl enen dej i kdkiennalmeirk itleep kairlaekrt éarréalsaénn d a k i

ve tek kKeri n

dejerin seér

repllsimaneé de

a maksi mum d

cndedir . Tek y
e

yon ortalama d

I
a
r

= Dr<<
—< o

rit
ér a
dej er i,
pl asman ol ar ak 3,
n Kerit y e r dimeim ibinm n e s a
erleri, -0 ft yP5d kak er i t

S
e
e

o
I

OO oTwo °
D D DD —
o ST !

onal ve ortogonal Ker it yerl ekim dojrul
i referanejeuoumoneeiradey?la- 21,d8 ve 2, 35
mevcut maksi mum depl asman, kal
rena sahip plakal ardan el de ed
écé deplasman ol arak 4,74 ve 9,0 é
evhal ardan el de edil en maksi mum birim
usuna saheéepet éo halhat bakgtkkudan d

K-erijinde ankr aj bulunan ve bulunmayan numu
unesinde °| -¢l en dejerin séraseéyla 2,75 ve 2,
i mum depl asman, kal @a¢g&éedepleasamaknr ag ¢ jee rpllearkia,
l erin séraséyla maksi mum depl asman ol arak 2
| ¢J ¢ndedir . Ankrajl é& uygulama yapélan | evh
amag dajkeraljerniygul amasé yapél mayan | evhal ar dz¢

o — o

[l <}

X — S
"’—QJ""(DICDQ, C\SJJ(\‘<33.—.-

—a -

— eSS <Kun——gy
o
D Q@ ~
~+
o
-

TTNT3I0g 900D TN e

[eRNVIN Vol R ok

o o -
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Kv me, her bir ket e birimini har eket et tir
Buradan hareketlg ¢ - | endi r me i kK| e mi yapeéel
deney el emanlarénén rijitlikIleri
fazla ol duju sonucuna vareéelabilm 0
arbon teks+tift uygml amgapél mék ve diyagonal doj
nkraj wuygulamasé yapéel mék ol an dDi A el emané ol
°nl ¢ Ve di yagonal kekil de yapeéel maseé onucanakr aj [
rel maktadér . Bu da el emanl arén rijitlijJinin ar

<< X
Q

Karbon teksti/l ile g¢-lendirilen d°kemel erde
pl asman dejerlerinde referans numunesi rAe alkkagyas
nu-Ilaréna g°re en d¢k¢k deplasman dejerl erine
kil de Kerit yerl ekim kKekline sahi p, ankr aj L
r¢el mektedir. Buradan |Iharsakeatnl e- i fg¢ -y %emldd r me

Q X n o
°®m® O ™
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yapél masé, ankraj uygul amasé ger-ekIeKtiriIme|S4'5
sonucuna vareéel maktader

ku ana kadar incelenen t¢m par amearametteeir d e, e
ayné zamanda en d¢k¢k deplasman ve maksi mum biri
ge°r ¢l mektedir . Bu durumun ters Kkorelasyonu da
deformasyon dinami k tepkinglie ibui ndudeajm kgkeenrelrdri idn
depl asman dejerleri ile en y¢ksek i vme dejerl eri
deney el emanl arénda °I-¢l en maksi mum birim defo
edil en dred eddhea ey ¢gksektir. Bu durumun nedeni, an|
karbon tekstil Keritler yerlexktirilirken kullan
Keklinde yorumlanmal eédér . Buruanduaan -h drt e kye®tnlles, vgee
Kekilde yapél masé ile maksimum birim deformasyon

Sonu - olarak t¢m veriler ele aléndéjeénda, en
yenl ¢ ve diyagonmalediomrrmékluidme keahitp,yeankr aj uy
numunes:i ol duju sonucuna vareél mékter.

TEKEKK! R

Bu - al e«klnba0,0 62 0k2o00d numar al & fAKarbon tekstille
g¢-lendiril mik -ida@kamglrearrlitrul uarbpma nyg kmlee me s i et
deneysel ol arak incelenmesi o projesi kapsaménde

taraféndan desteklenmiktir.

KAYNAK¢¢A

(Hering, 2019)

(Anonim, 2021)

(Marzouk & Othman, 2016)
(T¢rkiye Bina Deprem Y°netmeliji, 2018)
(Yéel maz, 2013)
(Sezer, 2018)

(Metwally, 2013)
(Krauthammer, 2008)

(Hyrnk, 2014)
(Hokkal, 2019)
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Tekstd-TakvareleBet onl ar ve Uygul ama Al al

Dr. ¥jretim Jy¥esi Bekir ¢omak

D¢zce 'nmiversitesi, M¢ hendi s | ibékirceneak@duzteseduit , Knk a
¥zet

Betonarme yapé elemanlarénda kullanélan -eli]je
takviye olarak kull anél masé yeni ve vyenilik-i

mal zemel erden ¢retilen | if ve filementlerin (sg¢
°rge¢l ¢ (mesh) keklinde 2 boyutlu veya 3 boyutlu

(TTB), takviye ol arta&kn&luil | ainmémamnotekassli éimir i mate
edi |l mesiyle olukan kompozit bir yapé mal zemesi di
ve dayanékl el éje sayesinde, ince, hafiférdaBanek
-al éeékxmada, TTB&édyi olukturan mal zemeler (tekstild]l
ve kull aném alanlarée hakkéenda késa bilgiler vV e
mal zemesi ol arak dejidpésaaylnéelzameamldaar toelka rbaakk édnaa
mi marl ara ve m¢g¢hendislere tasarémda daha fazl a
teknolojisinde bir-ok kullaném alané bul muktur.
i mk®mwa@duju i-1in, yapésal uygul amal arda yenilik-
kompozit bir yapé mal zemesi ol maya devam edecekt

Anahtar Kelimeler: Tekstil Takviyeli Beton, Teknik Tekstil, Kompozit Malzeme

Textile Reinforced Concrete and ItsApplications

Abstract

The use of textiles, which is preferred as an alternative to the steel used in reinforced concrete
building elements, as reinforcement in concrete is a new and innovative development. Textiles are
produced by producing fibers arithients (continuous) made of materials such as carbon, glass, basalt,
in 2D or 3D in the form of an open mesh (mesh) using different production methods. Textile Reinforced
Concrete (TRC) is a composite building material formed by manufacturing the tesét: as
reinforcement by embedding it in a figeained cemenrbased matrix. Thanks to the superior
mechanical properties and durability provided by TRC, it is possible to produce thin, light, durable
building elements. In this study, brief informatiorgisen about the materials (textiles and matrix) that
makeup TRC, their production methods, and the properties and usage areas of TRC. As a result, TRC is
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used not only as reinforcement material but also as -stlame structural members. TRC has found 48
mary uses in construction technology, as it gives architects and engineers more and different freedom
in design. TRC will continue to be an innovative and promising composite building material with high
potential in structural applications, as it offers tppartunity to create thin, light, and robust structural
elements.

Keywords: Textile Reinforced Concrete, Technical Textile, Composite Material

1. Girik

Betonar me, ni speten d¢k¢k -ekme dayanéemé ve s

dayanémé ve s¢neklije sahip -elik donateée ile gy
kompozit bir mal zemedi r . ¢teli k jdankeal arbegenek
geril melerini takér yY€elepijOROT oE)Epebtacargd&rame(éyOek[ﬂl
uzun °me¢rl ¢, dék etkilere dayanekl é, ekonomi k,
yé¢ksek ol masé gibi, bir-ok ququ czel li7Ji bul i
yéksek ol masé, yseéeni diennk akautl |sagnréelsaimmaimma uzunl uj u, k.
uygun vyapeél mayan el emanl ardaki donatél arén kor o
araseéenda (s@ajad mgéam,iAlyZ ®lca), t akvi ydeo nia-tién Koweltloanmé I
el emanl arénén boyut unu (Gries, RaieakQuadfliég, &Stolyarav,|12@16)d € r ma |
¢el i k1l e g¢-lendiril mik bet on yapél ar , bet on t a
durumunda, korozyon sal déréséna karkeé savunmaseéz
i-in, -elik -ubuklara al terr,nadpdk il ak akl, a palsd a-ne
takvivyel.i polimer (FRP) -ubukl ar, -el ik kaynakl
g¢é¢-lendirme se-en@htal,2018) IGell leare&klsmd kt-aadark t akvi ye
tanesi de, dayanékl el éjené ve g¢vVveni (Gries ktial,i ni ar
2016) Y¢ksek dayanéeml eetsikastbinmaveeyapeéelrar &eniznk .
m¢hendi sl iJi gi bi -ekKi tli i NKa(®tesad dl.22016)ar énda yay
2. Tekstil Takviyeli beton (TTB)

Tekstil takviyel:i beton (TTB), son yéllarda ye
- € k ma KRelad] ®obasher, & Bentur, 2017) Yeni b|r -i ment ol u k omp
m¢ ke mme | mekani k davranéka ve y¢ksek yegk takeéem:
m¢hendislijinde yeni vyeapmevadutelyaméll arré (g ée-timserkd
Korozyona wujramayan, s¢rekl i I i f ve filementler

-imentosu olan ve k¢-¢k boyutlu agregalardan ol u
(Lepenies, Richter, & Zastrau, 2008; Mansur de Castro Silva, de Andrade Silva, & Structures, 2020
Peled et al., 2017)

kekKli I TTB d°k¢m i KI emi (sol da) (Pertal,szelﬁ)tIeKtlriImiK

"_;ullk L
ul‘ﬂ l\"" Y
T

Tekni k tekstillerin i n

Kaatnemsgaeai 8f ma k ad am,
Forschungsgemeinschaft, DFG (Al man Araktérma Va
Teknoloji | niversitesi''"ndeki (532 ve 528) ortak
arakteéermacél ar eéapabgpedenkbpsamkeéefhrkl kekil de i

(Orlowsky & Raupach, 2011; Williams Portal, Lundgren, Wallbaum, & Malaga, 2&H3), Brezilya
ve Ksrail de bu al anén vy ay(®dbaslaes 2014 &Villidme €ortdl,i bir
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Fernandez Perez, Nyholm Thrane, & Lundgren, 2014) T T B, hal en arakxt ér4@a
geliktirilmeye ve araktéreél maya devam et mektedir
3. TTBOyI olukturan mal zemel er

3.1. Tekstiller

En genel anlaméyla |if (fiber) , mi kroskobi k a:
maddel er keklinde tanémlanmaktadér. Bir mal zemen

en az 100 ol maseé g erSeak-taikj, iLifl2e0a0r7spakyaq |eéndaakkti a diee k i |
gruplandéerél maktader .

keki | Lif (Feledeta,r2017)

Lifler
I I : Kns—la{apésé DE)I&I
Metal | | Seramik Lifler Lifler
. . Sentetik Ha Iansal Bitklisel Minleral
I_ ¢ el iH Seramik Polimerle Knor g L)%er Lifler Lifler
| | | |
| Bor Aramit AR Cam Yén — Sisal Bazalt
Kar bl¢ ¢
| | |
—H  SiC Karbon Bazalt - Keten Asbest
|
L ALO, | |Polietilen - Hindistan
|
Polipropilern H J ¢t
]
Pglllll/cl)rlm — Kenevir
El yaf takviyeleri t emel ol ar ak keés@aradwmmans ¢r e k| |
Karaduman, Ozdemir, & Ozdemir, 2017) Baz al t , pol i mer, polipropilen
karbon ve dijerlerinden yapélan 1lifler ve fil a
kull anélarak teknik tekstiller el de ekkiilér 2D . TTB
(d¢zl emsel ) vey(BueBdd, 201B;&Griea &t al.¢ 20861 \Iolkovvar Paykov, Semenov,
Stolyarov, & Mel ni kov, 2B a;! rGski,l n@t ebmb-eirnkl,e r& n\
kumaxkl!l ar , °rme kumaxkl ar , di ki k1l i kumaxkl!l ar , °rge¢
Keklinde ¢retil mektedir . |Buf treiknsatriils ifnoer, mldaaryéannéénm
ve tokluk gibi ©°zell i (aradumametd. 0261F)i nasyonuna sahip
Farkl é& mal zemel erden el de edilen 2D ve 3 D tekst
kel3i | Cam Fi ber ke kiiBhazalt Fiber k e Kbi Aramit Fiber
(Contamine, Si Larbi, & (Contamine et al., 2011) (Contamine et al., 2011)

Hamelin, 2011) 3 mm 3 mm

Ll

3 mm

- b

Smm |
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k e kbiBhzalt Fiber (Zhu et kekiri |l ¢tok Kat ma k e k8iCam Fiber(Hinzen

50
al., 2019) Dokuma Tekstil (Halvaei, & Brameshuber, 2009) |
g - Jamshidi, Latifi, & Ejtemaei, g g
2020) e 1

kekidl 3D ¢°zg¢ !l ke kil 8D Tekstil (Peled
Tekstil (Gries et al., etal., 2017

Tekstilin kalitesini i yi | ebk¢ttiardmeekn i(-SB1), veepyoak spic
malzemeler ile emprenye edilirler. Tekstilin emprenye édme s i il e kopmada - ekn
kal écél ek gibi gerekli °zellikler ivyilexxtirildir.
veyaTki ri kli k°pre¢gler i -in zemin ve aj takviyeleri
bi- i ml i kavi sl yézeyler bugen s ad@Edas, 26p(okkeskii Ir e - i
11, kekil 12).

kekil Kal épl anméck keki8B | EpoksEmpRmee i n

Emprenye E-@amFiberk AEdi | mi k ve Kumla K

Tekstil (Hegger & Will, 2016) (Yin, Jing, Yin, & Wang, 2019).

3.1. Matris

TTB ¢ret i-Omidndsey/ b0aj3l ayécé (whHhi) bajimgraéve-Raci
Yéksek bajlayece i -eriji, ince beton ile teksti
taze betonun ikleAgbiegithrgEh maksiemsamstane boyut
araséndaki mesafeye, tekstil takviye katmanl ar én
1 il a 2 mm é&vechtshenne, Schrebiddr, & Brammeshuber, 2016)
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TTB i -1in kull anél acak ol an matri sl er, genel|51ih
fiziksel ve mekanik ©°zellikleri iyilextirmek i-i
met akoal i n, tak tozu gil bianml makahd&rat KEhaEK sk |
kat kél ar sayesinde, TTB ¢retmek i -in kullaneél an
bajl & olarak matrisin akeceéel eje, vi skozilt.esi , k
Ayréca el de edilecek olan TTB vyapé el emanén tg¢r
parametrel eri d¢zenl enebil mektedir.
TTB ¢retiminde kull anél an Portl and -i ment osu,
takviyesinezagagegkeé °YVeskdek al kalii ortamlaré ¢r et
alternatif -imentol ar son yéllarda TTB arakt ér me
Geopolimerler vV e Y¢ ks ek Al i m¢na - i me rktfasfata r Ka
-imentosu gi bi alternatif -i ment ol(Mechdherineedl.r i s f a
2016) Ayr éeca, farkle t¢grde polimerler kullanél ar
direkt polimer beton «keklI i rKeib& Raupdch, 20hleéMeehtcteekine ma t r i
et al ., 2016 ; Mur ci a, ¢ o.mak , Sol i man & Reda Tah
TTB i-in temsildi matris i -in karékém oranl aré Ta
Tablo1. TTB i -i n t e ms(Brbckmanma2006;iMechtbhierineet dl.,/A016)r i
Mi ner al Bazl e Matr
reR el w | e [
Malzemeler 532 532 SFB 528 SFB 528 | SFB 528
¢i ment o ( kg/m? 490 210 539 549 839
¢imento T ) CEM| | CEMI | CEMII/B | CEMI CEMI
52,5 52,5 32,5 32,5R 32,5R
U-ucu Kgl kg/m? 175 455 243 246 -
Silis Dun 35 35 - - -
Silis Bul
. - - 53,9 54,6 -
(S:Si=1:1)
Bajl ayecé
(B=¢+U+Si 700 700 809 822 839
Akéxkkanl g Bajl a| 1,0--1,5 0,9 2,1-2,2 2,324 2,1-2,2
aj erl ¢
%' ce (
Silis (Filler) kg/m? 500 470 - - -
0-0.125mm
Knce Sili 715 670 - - -
0.2-0.6mm
Kum 0--1 mm - - 1079 1092 1189
Su (S) 280 280 2427 245,6 279,7
S/ ¢ - 0,57 1,33 0,45 0,45 0,33
S/ B=S/ (¢ H - 0,4 0,4 0,3 0,3 0,33
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4. TTB ¢reti mi | 52
TTB6den yapeéelabilen farkle yapé bilekenleri deo°
gi bi imalat y°ntemleri kullanélarak ¢retilir. DP°
uygun i ken, péskertme yilnretrendie kourlelta nl éelbairl a kr .k aAvyir st
de t¢pl er ¢ r(@itBrameshuber, 2048 t eari kl.é i mal at y°nteml eri
Tabl o 26de verilmiktir.
Tablo 2. Farkl e imal at y°nt e(WlBesaméshuben 2016) gul ama al anl
Bil e}
| .| Geometrisi Tekstil
freti
Metodu | 2D | 3D |2D| 3D|Kal epl a|Kal epl Yapé Bil ek
Cephe Kapl ama
Do k¢m | ++| 0 |[++ ++ ++ ++ Kal ép El emanl
Y a p &rraanlar
_ Cephe Kapl ama
Laminasyon| ++| o |++| -- ++ o (+)
Levhalar
. . Yatay ve Dikey Hizalamadak
Peé¢sker| ++] ++ | ++ - ++ o(+) Levhalar
Tepl er
Savurma - | 4@ |+ (;) ++ ++ Direkler
Kolonlar
Cubuk Redillei | | i
_ _ Petek Levhalar
Ekstr ¢ ++| ++ Hen¢z Bilinm
Kal ép El emanl
K- i Bok ¢ekir
++, -0k uygun veya -0k kolay ¢retilebilir
m¢ mk ¢ n; ,
-sénérl é& bir °I1-¢de uyguruywayya dgredrilVéa yieizr
bok profiller
5. TTBO6nin ¥Zellikleri ve Uygulama Al anl ar é
TTB'"'nin hafifliji, y¢ksek sécakl ékl ara karké di
-ekmede y¢ksek mukavemet i, .St yrng ks grkejlkBaikarkée-nmart d nr
serbest bi-imli yapeéelar, kullaném kol ayl ej é, hez
mod¢l er oluku ve g°rsel et ki si gi bi bu ¢steéegn ©°z
ol ar akl amd &rgddeeEman, $oliman, Nassr, Kheatideen, & AbdElshafy, 2018; Dalal,
Goumairi, & EI Mal i k, 2, & Moman, 2DEBnvslkoeza| Phykov,Nbensehow, a Mi

Stolyarov, & Mel ni koWwT B,20mewcg utG8ka ré&l arlén @@d-117en
-%z¢moy °(Rortad, @015 i r

Bu nedenle yeni ve dejerl.i bir yapé mal zemesi ol
alanl aréenda séeklTm®®kl a kull anél maktadeéer

V Kpre¢ler (yeni inkaat ve bakeéem),

V Takéyécée yapé g¢-lendirmeleri,

V Bal kon | evhal ar é,

V G¢re¢elt ¢/l su koruma duvarl ar é,

V K¢ - ¢k, orta ve b¢ye¢k formatlarda haval ande
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/

V Serbest bi-imli yézey, sandvik-uIdIuavnaérIIéarni.53(
garajlar, trafo istasyonlarée),

V Takéyécé kabuk yapelar,

V Y¢ksek klorgre maruz kalan yapé el emanl ar é

V Deniz yapeé el emanl ar é,

V Depolama ¢nitel eri (tanklar, silolar ve be

V Beton iyilextirme ve p¢skegrtme beton uygul

(AbdelEmam et al., 2018; Wolfgang Brameshuber, 2006; Kulas, 2015)

Bu, yeni

k e K4 |

Dek Cephe
(Wolfgang Brameshuber, 2006)

sandwich elements
wilh facig shell of
textie cantrate

faeing shal of et

strueawal entoros ek oo

concrese el

Yerbouaing
STUCEE.

77

b) hemel insietion

Sandwich clements and cladding pancls out of textile reinforeed concrete:
a) Sandwich elements with facing shell of textile concrete, b) Textile-reinforced cladding
panels [IMB RWTH Aachen University].

kekl6!| Sandvi

yapél ardaki
°zel l ikl @eledeatalpd0izd iTrTBO6 Nni n

Kapl

- (WelfgangnBramleshuber,

Uy gulnamalaaréenme waen ég (s dreand
uygul ama al @dbawvenal ai t

kekb| Dék Cephe Kaj
(Wolfgang Brameshuber, 2006)

Curtain wall construction of the Structural Concrete Institute, RWTH Aachen Universit
[bauko2 RWTH Aachen University].

2006)

A

Sandwich elements made of TRC: a) profiled spacer fabric, b) completed sandwich

element [ITA, IMB RWTH Aachen University].

kekvl Mer kezi Ol mayan
Tesisleri (Wolfgang Brameshuber, 2006)

¥ 2 [ =4

ancharees conzale

a) ¥

Prototype of a decentralised wastewater treatment plants made of textile remforeed
concrete: a) Geometry, b) Prototype (filled with water) [ibac, IMB RWTH Aachen
Universliy + Fa. Mall].

k e KL®. Bu Koruma Duvar Sistemleri
(Wolfgang Brameshuber, 2006)

k e kL8 Parapet Koruma (Wolfgang
Brameshuber, 2006)

Prototype of the parapet sheet [Technical University Dresden].

kekd|l Su Ge- i(Woligamg T T

Brameshuber, 2006)
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1. layer of textile
2. layer of textile

3. layer of fine grained concrete
2. layer of fine grained concrete
1. layer of fine grained concrete

Bank protection elements, Netherlands (Fydro BV, NL).

k e RL Elmask e k | i n d e k(WolfgaegrBramesteiber, 2006)

BTN TN

Diamond shaped framework — Realisation and spatial appearance from the inside
[bauko2, RWTH Aachen Germany].

k e k2 | Déeék Cephe Yaleéet kekKBl| TTB ve Duvar
(Wolfgang Brameshuber, 2006) (Wolfgang Brameshuber, 2006)

Substrate
(e.g., plywood)

__Adhesive/Attachment
__Insulation Board
|_Reinforcing Mesh
|-Base Coat

w/Reinforcing
Mesh Embedded

LA s e DS S ey

~Finish Coat

kelkd | Tekstil Takviyeli Bet on (Wolgkng Brameshaber] ¢

2006)

| 54



/ /

(a7 13. UBAK, 11 / 1®art 2022, Online, Anka usre

kelkb ITTB K(Wafgapg Brameshuber, 2006) | 55

e

Textile Reinforced Bridge [Technical University Dresden].

6 . Sonu-

TTB, sahip ol muk ol duju ¢sten °2zellikleri sayes
el emanl aréné g¢-lendirmek ve onar mak kari mé nséozna d
-ékmaktadeéer TTB, mi marl ara ve m¢ghendi sl ere tas
teknolojisinde kendisine bir-ok kullaném al aneé
mal zemesi ol ar ak, beton poetansiayameme yemdc¢ ¢ lbdk a
uygul amal aré i-in yeni alanl ar a-maktadér.

7. REFERANSLAR

AbdetEmam, M., Soliman, E., Nassr, A., Khdldeen, W., & AbdElshafy, A. (2018).Dynamic
behavior of textile reinforced polymer concrete using split Hopkinson pressurd>aper
presented at the International Congress on Polymers in Concrete.

Brameshubr, W. (2006)Report 36: textile reinforced concrestateof-the-art report of RILEM TC
201-TRC(Vol. 36): RILEM publications.

Brameshuber, W. (2016).-Manufacturing methods for textieinforced concrete. In T. Triantafillou
(Ed.), Textile Fibre Corposites in Civil Engineerin{pp. 4559): Woodhead Publishing.

Brockmann, T. (2006)Mechanical and fracture mechanical properties of fine grained concrete for
textile reinforced composite€l3), Mainz, Aachen. Retrieved frohitps://publications.rwth
aachen.de/record/6129RWTH-CONV-122970)

Celep,Z.(2020Bet onar me Ksatpeaenhbaul : Beta Basém Yayém Daj e

Contamine, R., Si Larbi, A., & Hamelin, P. (D). Contribution to direct tensile testing of textile
reinforced concrete (TRC) composit&saterials Science and Engineering: A, $28), 8589
8598. doihttps://doi.org/10.1016/j.msea.2011.08.009

Dalal, M., Goumairi, O., & El Malik, A. (20175tudy of the internal confinement of concrete reinforced
(in civil engineering) with woven reinforcemeRaper presented at the IOP Conference Series:
Materials Science arfngineering.

Dojang¢n, BRtoh20me) Yapél ar.é nKsHeasnabpu | v e BT assaerné nyéay
Kt

Du, Y., Zhang, X., Liu, L., Zhou, F., Zhu, D., & Pan, W. (2018). Flexural Behaviour of Carbon Textile
Reinforced Concrete with  Prestress andteeS Fibres. Polymers, 1(1).
doi:10.3390/polym10010098

Gries, T., Raina, M., Quadflieg, T., & Stolyarov, O. (2016). Manufacturing of textiles for civil
engineering applications. In T. Triantafillou (EdJextile Fibre Composites in Civil
Engineering(pp. 324): Woodhead Publishing.

Halvaei, M., Jamshidi, M., Latifi, M., & Ejtemaei, M. (2020). Experimental investigation and modelling
of flexural properties of carbon textile reinforced concref@nstruction and Building
Materials, 262 120&7. doihttps://doi.org/10.1016/j.conbuildmat.2020.120877


https://publications.rwth-aachen.de/record/61294
https://publications.rwth-aachen.de/record/61294
https://doi.org/10.1016/j.msea.2011.08.009
https://doi.org/10.1016/j.conbuildmat.2020.120877

/

-/ —
G 13. UBAK, 11 / 1®lart 2022, Online, Anka ose

Hegger, J., & Will, N. (2016). 8Textile-reinforced concrete: Design models. In T. Triantafi&d.), | 56
Textile Fibre Composites in Civil Engineerifap. 189207): Woodhead Publishing.

Hinzen, M., & Brameshuber, W. (2009). Improvement of serviceability and strength of textile reinforced
concrete by using short fibres.

Jamshaid, H., Mishra, R., Milik T, J., & Noman, M. T. J. T. J. o.
and durability of textile reinforced concref®97), 879890.

Karaduman, N. S., Karaduman, Y., Ozdemir, H., & Ozdemir, G. (2017). Textile reinforced structural
composites for dvanced applications. In S. T. Bipin Kumar (Edlgxtiles for advanced
applications(pp. 8#133): InTech.

Keil, A., & Raupach, M. (2011). Polymermodifizierte Feinbetdiersuchungen zum
FeuchtetransporT.extilbeton Theor. Prax215226.

Kulas, C. (205). Actual applications and potential of textiggnforced concret€ecRC, 20151-11.

Lepenies, I. G., Richter, M., & Zastrau, B. W. (2008). Mu | t i Scale Analysis of
Concrete Structurefaper presented at the PAMM: Proceedings iplied Mathematics and
Mechanics.

Mansur de Castro Silva, R., de Andrade Silva, F. J. M., & Structures. (2020). Carbon textile reinforced
concrete: materials and structural analysg1), 1-19.

Mechtcherine, V., Schneider, K., & Brameshuber, W. (2016)Mineralbased matrices for textile
reinforced concrete. In T. Triantafillou (EdJextile Fibre Composites in Civil Engineering
(pp.- 2543): Woodhead Publishing.

Mobasher, B. (2011 Mechanics of fiber and textile reinforced cement composiieE pres.

Mur ci a, D. H. , ¢ omak, B. , Sol i man, E. , & Reda T
Textile-Reinforced Polymer Concreteolymers, 141). doi:10.3390/polym14010176

Orlowsky, J., & Raupach, M. (2011). Textile reinforced conefeim researcho applicationCement
Wapno Beton, 1(6), 323331.

Peled, A., Mobasher, B., & Bentur, A. (201Tgxtile reinforced concreté€€RC Press.

Portal, N. W. (2013).Sustainability and Flexural Behaviour of Textile Reinforced Concrete.
(Licentiate), Chalmers kmiska Hogskola (Sweden), Ann Arbor. Retrieved from
https://www.proguest.com/dissertatietheses/sustainabiliffexuralbehaviour
textile/docview/2396880947/s2?accountid=3536@roQuest Dissertations & Theses Global
database. (27753009)

Portal, N. W. (2015)Usability of Textile Reinforced Concrete: Structuparformance, Durability and
Sustainability( Doct or al ), Chal mers Unéversity of i

Sa- ak, M..i f( 2v0e0 7E)l Ankafa: Gddi Kitgpavs €
Volkova, A., Paykov, A., Semenov, S., Stolyarov, O., & Melnikov, B. (2016a). Flexural Behavior of
Textile-Reinforced ConcretddATEC Web of Conferences,.53

Volkova, A., Paykov, A., Semenov, S., Stolyarov, O., & Melnikov, B. (201Ble)xural behavior of
textilereinforced concretePaper presented at the MATEC Web of Conferences.

Williams Portal, N., Fernandez Perez, |., Nyholm Thrane, L., & Lundgren, K. (2014pWRuf textile
reinforcement in concrete. Construction and Building Materials, 71 6371.
doi:https://doi.org/10.1016/j.conbuildmat.2014.08.014

Williams Portal, N., Lundgren, K., Wallbaum, H., & Malaga, K. J. J. 0. m. i. c. e. (2015). Sustainable
potential of textilereinforced concreteJournal of materials in civil engineering, €73,
040142070401420104014212.


https://www.proquest.com/dissertations-theses/sustainability-flexural-behaviour-textile/docview/2396880947/se-2?accountid=35366
https://www.proquest.com/dissertations-theses/sustainability-flexural-behaviour-textile/docview/2396880947/se-2?accountid=35366
https://doi.org/10.1016/j.conbuildmat.2014.08.014

/

-/ —
G 13. UBAK, 11 / 1®lart 2022, Online, Anka ose

Yin, S., Jing, L., Yin, M., & Wang, B. (2019). Mechanical properties of textile reinforced concrete under | 57
chloride wetdry and freez¢haw cycle environment€ement and Concrete Composites, 96
118127. doihttps://doi.org/10.1016/j.cemconcomp.2018.11.020

Gg8k, J., Gt e mbl(R07). PBduction&faléxtie ieinféraed concrete protective layers
with nortwoven polypropylene fabriclOP Conference Series: Materials Science and
Engineering, 246012054. doi:10.1088/175809x/246/1/012054

Zhu, D., Liu, S., Yao, Y., Li, G., Du, Y& Shi, C. (2019). Effects of short fiber and {pemsion on the
tensile behavior of basalt textile reinforced concrément and Concrete Composites, 3%
45. doihttps://doi.org/10.10¥5cemconcomp.2018.11.015


https://doi.org/10.1016/j.cemconcomp.2018.11.020
https://doi.org/10.1016/j.cemconcomp.2018.11.015

/ /

(a7 13. UBAK, 11 / 1®art 2022, Online, Anka usre

Presentation ID / Sunum No= 3 | 58

Or al Presentation [/ S°zl ¢ Sunum

ORCID ID: 0006000242030350

Hazér Gi yi mnMakovZindrlerieAnalizniil encekenmesi

Yeliz! kaf ak
'Ondokuz Mayés !niversitesi, Fen Bilimleri
Ol asél ék Teori si ve S¢re-1| eri Anabi l
mail:yelizzsafakk93@gmail.com

¥zet
S¢rekl i geli ken ve dejiken pazar Kartl ar én
seviyede k¢resell eken sekt°rlerin bakénda g
b¢yéek rekabet i -erisinde ol duj uwnlul asrféd élmerké no
giyim kull anémé hezla artmaktadeér. Hazér giy
kazanmaktader . Bu -al exmada, hazeéer giyim n
dé¢zenl enmi ktir. Ankete lkarté&lwen &jixrn |wares & ug@en
ol dukl aré hazér giyim markalaré sorul muktur
Zincirleri t emel i ol an ge-i K ol asel ekl ar é
hesapl anmaséna y°nael ge&r -oelkalreakkt i i d mi mf EK M Mz
matri sl er.i her hangi bir hazér giyim markaseéri
di kkate alénarak ol ukturul muktur .
Anahtar Kelimeler: Mar kov Zinciri, Uzun D°nem Denge Vekt?©or
Examination of Apparel Preferences by Markov Chains Analysis
Abstract

In the constantly developing and changing market conditions, the-neadly clothing industry

is one of the most advanced globalizing sectors in the world. Under this condition, it is possible
to say that readynade clothing companies are in great comipetitin parallel with this, the

use of reacdymade clothing by users is increasing rapidly. Re@aeyear brand preferences

gain importance for users. In this study, 690 people were surveyed for the analysis -of ready
made clothing brands. The people whatipgrated in the survey were asked about the ready
made clothing brands they use now and if any, they have used in the past. A study has been
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carried out to calculate the transition probabilities matrix and-terg equilibrium vectors, | 59
which are the basiof Markov Chains for the analysis of apparel brand preferences. Markov
transition probabilities matrices were created by considering the number of transitions from any
readymade clothing brand to other reaahade clothing brands. In addition to a gehera
evaluation, it was evaluated whether the brand preferences of the respondents differed in terms
of gender.

Keywords: Markov Chain, LongRun Equilibrium Vector, Brand Preference

1. GKRKK

K¢resellekme i le birlikte reskabetibnerarbtema siénswe |
i htiya-1laré s¢reklii ol arak artmaktader (¥zdemir,
i -inde baréndéran -exitli créenl erii bulunan hazeée
birliktede g% me mi; i artéerméxkteéer (Y¢gcel, 2010) .
Kikilerin g¢nl ¢k hayatta arzu ettikleri keyafet|l
giyinme arzusu il e kendilerini tatmin etmeleri (
artanbi kekil de s¢recejini g°stermektedir. Hazeéer gi
bul unan firmalar i-1in, sat éx, pazarl ama, sretim
Mar ka, ad, simge ve ikKlendnemi ay@rPranmnetrgdmjpremsginple
K¢resellekme i 1le birlikte rekabetin artmasé ve
i htiya-1aré s¢rekl i ol arak artmaktader. Buna baj
etkiley e n mar k a, pazarl ama, saték ve reklam et kinl.
°zelliklerine bajleée olarak m¢gkteri memnunivyetini
araceéedeér . Marka terci hEemil ate atgséndyapegéda §
chiversite °jJrencilerinin kot pantolon marka ter
il e incelenmiktir. (Alp ve ¥z, 2009).

Mar ka tercihleri yapél amémmaakad etneirkc i -ha Iné& k neat | kai rl éeny €
ol duju ve marka tercihini etkileyen faktorlerir
-al exmal ardan farkl e ol arak hazér giyim markal ar
sahb i ki kilerin bir sonraki akamadaki mar ka terci
giyim markaséndan sonra dijJer markalara ol an ter
mar ka bajéemléléeklarée (markasosamankayhaneéel mas&apzie
i -in hazér giyim marka tercihleri anal i zi amacé
-al éeéxan, -al ekxkmayan, °Jrenci, emekl i kikiler ol
ki KikKlueaeneda kull andéeklarée ve &ejer varsa ge-mi Kt €
sorul muktur ve kullandéekl aré markal arée exit K e
zincirleri yont emi il e firmal ar piayilmreéel quk-ua AR
durumu) de tahmin edil micktir.

Bu -al ékmada, hazér giyim markal arénén anali zi
ki kilere kKuanda kullandeéeklarée ve &ejer varsa ge
sou !l muktur . Hazér giyim marka tercihleri anal i zi
matri si Ve uzun d°nem denge vektrl erinin h e
ger-eklexktirilmiktir. Mar kov hge€irk golyasné Imak lkarsé&
hazér giyim markal aréna ge-ik sayélareée dikkate a
2. MARKOV ZKNCKRLERKNKN TARKAERATGRLREKWURMKASE
Stokastik s¢gre- teorisinin en geniMarkevanalnin © ne ml i
temeli 20. y292096I| glaolatdkkemalr é ra@a@esn émaatl katmd t € k - Mar kov
a ait ol up Brownian hareket:i olarak Dbilinen ka

davraneéxkxl!|l ar éne i ncel emek i -1 n mat emati ksel ol ar
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rmatt @maft @ kdan yQAZJfés;éélNérV\/dIa?gdeu
Doebl i n, Kol mogorov ol mak ¢ :
Zehenmi etri kiall ainémdiakii | ke aulyig u\
l enmesinde ve belirl:i bir kar e
fcdhemdemn.fizi ksel s i st biyolbjiekimgee fizik, astrongmi, | a ma | a
, il a- sekt Seffiagams, bek o mordia,l | paZacnatyatl
joi ve politik Dbilimler ve i1 kletme bilim
M aEexmiérr ve Pemiuvlke!|l ve ¢c@dtlikn, 20D0136; Kadéel ar ,

r -al eékmal ar énda, mar ka tercihlerini ve ma
amas €, envanter kontr olognav e mk wyer wke nmd ceanlel ep

y°neti mi, muhasebede Kretpth®y i k ad arclakr éan ail
el endirmesi gi bi i Kl etme karar verme s¢re-|
v Zincirleri ile 11 gili bir-ok bilimsel - al

me sor unlkarldnmérel -afhz gvagkmndie Zi nci rAl piver #z¢r
But aé abnaldiar, bil gi sayar marka tercihleri
in (2016) Bu -al ékmada, c e p atnedll eafraarku ymagrel
um cinsiyet a-éséndan da dejerlendiril mickt
erne servis sajlayécésée tercihlerinin an:e
u JiKi

S O C

net
| , (% llR)JrEuldakdode mi n, sat ék r akaml ¢
t ettijCian,g°® A12d0mMMi)kt Bu. - al ékmada, Pazar|l
inden Pazar payé tahmini yapmatisi i -in |
t ahmin yapeél ar ak i Kl et mel erin bu ol
ge-i kK ol aséléeklarénéen anket yapél mad
i Kl etmel eri melbedi r di-2lni kg edletcéerkd e kos
amacéyla Marko@¢s;nwdomjcdu ee i Adpn ( 2ata
kadar s¢recejinin °ngore¢l mesi i ncel er
k akaht amanin geleceje y°nelik hidrolo
ra il i -in Markov zincirleri il e uzt
02) Al acakl ar ve xgmpdhaki wldnratcarkl erar i
i teorisi tanemlanarak °rnek ikl etm
ekonomi k, sosyal ve siyasal ol ayl a
néelMamkba zincirler.i g ol asel &
il e incelenmicktir. ( k
cé olarak kull anéwmané( At eBu | mals
fiyat hareketl erini ayreéente ol ar ak Ma
da, g¢nl ¢k altén getirisinin y°ngégngég tahmi
é nk ti ikrl ielymikk t ibri.r IBor sa Kstanbul édun belirli
veri seti ile altéen getirisinin y°n¢gyle i
alten fiyanldaké ulzenhidSsemdenedi kiki
i y°nt e mi il e belirli d°neme ai-
nin uzun d°nem denge duruml ar é
kontrol ¢ sajlayabilmek i-in -o0ok
Bu -alékmada °zg¢l exktirme teknifji
€ incel enmiktrikin.ye®dinfitn- 20150 &) éB & u-raln
nl emesi yapél mékter. ¥zdemir (2008)
nin -0z ¢ myg i -1 n Mar kov karar s¢re- |
k
i
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mel er gel
babel irsi
ama mevcu
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eceje y°nelik planlama ve tahminl e
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3. MARKOV ZKNCKRLERK ANALKZK | 61
Ol aylarén bir zaman araleéejénda ol ma kokuluyl a z
ol arak bilinen, rasgel e sonu-|Geneldbmkd rmnT}ol ayl ar
bi-i mindms ¢yaezxélnérzamanéné g°steren bir rastlanté

W rasgelse¢gmsgkleici zamanyea daoKagktiimess¢otd masgelg €1 ar | a
s¢rkedi kl istokmamwlldar akr ékeersdrkllan&rurum uzayéna sahi
Mar kov Zircir(kKadéliae, t202mM] apléep ve ¢Cetin, 2016)

Mar kov zincirinde i ki ardekék durum araseéndaki
Zinciri geometri k dajélmek ise Kesikl:i Zamanl & Mar
-al exmada, kuanda kull anélan hazér giyim marKka
alendéjendan Kesi kl i Zammamélkét eMar kov Zinciri ol ar
Stokasti k s¢re-ler teorisinin en genik ve °neml
kull anar ak, gel ecekt eki s¢recin duruml ar éné, dur
hesapl amada, kul |zadermiarn wd rDemfinrteelmd,i r2Q¥4; Al p v
Mar kov s¢reci, s¢recin ileride ortaya -ékmasé o
s¢recin bir °nceki durum hari- °nceki ge-mik dur
ge-mrkwmdar én bilinmesine gerek yoktur. Bir ©°ncel
° zelmairfkeo vy edne n®i zlemelkitke di r ( Kadeéel ar, 2020; Alp ve
Dijer bir i fadeyl eT madrelmatv&pa| sagyaslt &di mir,b, par a
rastgel ensayreaai zaenan nokg,Lséa¥nr aerhpahgi déjirkker
aldejé dejera mibn lkionkiuylolruk e d e€jl €rmén ¢ alh amjélze ai s e,
P =Q0d=n0="1 €0 =Q=P0 =00 = (3.1)
bi-iminde g°ster® 06rn.n @llcakid diuijriume saddmerea bafj l
ekitlikte bir durumun sadece bidr r%ndcGé@ki kdwrusma b
mar kov ,s ¢brue -°l zeed rl ki g vey edne e®izlenhel kitke di r . Mar kov °zell
s¢r e- IMarkoezincikaed € verilir.

Bir @ mar kov gsnameanidrmikn duyumudmnéhds&li éd@ved ol aseél
lew rastgel e defj] i krikEannl éenid doklinoal kmas, zoelraes €1 €] € ;

n afp 0@ Ky (ATEEED! (3.2)

madé mohelra d € mdurumundanj d ur umuna g ert olarak (03 .ax)ed &4 lei bi -
g°sterilen kbkubdtamo bdeesnd kre plazgdéed eapye ¢et in, 2016;
Y¢ecel ,AlL2pO vee; )¥z, 20009

Bufonksiyonbi r adém ge-i kK matrisinin zaman i-erisinde
°nemli varsayéemlaréendan bir inbidre.n Buw jMadaseneilde,r .dur
homoj en(yWapajangahiptir. Apméaap opdai®d érkd tarriésniémi,
0 MO 1ve i,90 O 33) (

B N p i=0, 1M2¢ (34)

(3) ve (4)bekidurpmdengfgegm durumlara ge-i kKl ere i
yani satér t oplkaonkéunl €l na rlédneé edkai ts apjdlmaansa@ésodujgud rieaktnreiks

Markov zinciri dg.e=nkolbarmrakl gkstmmeatiliisi .

Dijer bimW i fraaddrelydve ,s¢recini n  dM}r ubm -uizmaiynéd eS s=o n{l 1,
sahipveM dur um sayéeséendidestiexk mekageleeéll,aré matri si
g°ber adém ge-iK matrisi akajeéedaki gibidir:

P=n = ‘ e i é 8 ‘e (835)
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(5) exitli]jine g°hroemoR ema tnraitsiv gtyaangébm 'rg<eardeé11ilidas'q>62dl
adém ge- dekdenitiraTt¢grm sdur uml ar & i - ipng eéh-eiskapd laa sn& Ik € koll ar
matri sinidl em)s@relimamé kU an bul unabidllebaeg] iaddeunm usmo nal
bul unabil ecefj i d uPqeanl iakw émagtrsit sir npead taedddlm@aknll aarr &n o
n 00 Fijv s i -1in, 3.6)

Bn =11in~S i -in 3.7)

Kokul |l aréné sajl amak zMarkaovnrdaftisiveylaaat &rar et ankad gti isH
denil mekted Bu tanémai g° ge(-¥iszkdekmd &t ivkei dinatmiir e |
Kl arsl an, 2

iro.
OKdyr KadegkatrglcElDADZO1LB; ¥z, 2009) .
( -e

Pol aséel ek g irdk mlmatri sMar kov zi nicdurumundake®4ni K Ki n
anépduar umuna ge-me ol asél éjrademd&kmidageg-ei-mmeoclodas
i fadel endni=r i0Ol, ilr, B)) Taidmeinn gle-i kK ol asél eéj é& akaj édaki

n =P&® Td Q (3.8)

(3.2.1) dxenladéemdgkal ar ak aw)a hoé faksan er.marsifire r | er i
nkuvvetinde bulunacajéné ifade eder.

Pge-i k matr i si|nEPPoi Kuph c3ils i o\ enttisinin terimleri,

n B nn (3.9)

keklindedir Pg8enrgemakeksi|jg=Pn| o kd wj dnndamisnin g} i
inci terimi,

N B NN (3.10)

i fadesinden hesaplaneér. (3.2.2) n.dereceflegn+tD.. 3) ek
dereceyrwe @aliasgleéekl ar é,

n B nn (3.11)

Kekl i ndeMagr8vzihceindedra dém ge-i K matri si zamaandé@mer i s
ge-i K makuwuveeéemni nal énar akakéimayeai Bulodas®i leikd ar é
ChapmarKolmogorovdenklenk ul | aneéel ér . Bu denkl eme g°re matri ¢
0 0 & 0 (3.12)

nadém ge-i kK &) magigninkdéndisimla) r idseif a( - l masé ile el

ar
Yécel Al 200 lvee;, ¥z, 20)09; Kadeéel ar , 20

Bir stokastik s¢recin bhakl angdsel #d
vekt'rkegklinde g°sterilir

pé
20
tmEndakBarl an

Sonlu birmS wzaylegnapés,aMapkdVv rzincirinin olasél ek
vekt®©r ¢n n 8 n kKeklinde g°sterilir.

Makrov zincirinden.adémda bul unduju durumwni ahmiar jeédabi lo
daj el @éménén el dePmattisininfensetiolage r b kK v gnd)e Kcherjidr | eri s a

sayéya veya |imitenyakéas&madkrniare el £tvgn hkea] erilrer i
y°nel mektedir n 8 N bi-imndadém ol ag®ésitéekr i Veékt
Ol asél ekl ar & ealsded ée&t nveekk ti®-ri¢gn tialhkmionl edi | ecek adeé
-arpél maséeyl a;

=“ 90 (3.13)
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keklindeewiktilnick dliuvkt uruf uven all@uml o @&-€1 @dkituPery §3° (
negatif bil ekemli ay&lkeske nbark.tve@kixnfhrago@i eamal aséel ék d

denir veBhp+tatséeewiktlairji ile vektorl erin Kaldeéd alré k|
20200Kayran ve Yg¢gcel, 2016) .
Mar kov zinciri, stokasti k sistemlerin analizind

arasé hareket!l erceimmn ni heell énimesi mchela dDiusdtunacaj é di
yané séra ayné zamanda uzun d°nemde bulunacajé

sahiptir (Aytemiz ve keng®°n¢l, 2004) . Beylelikle
durumuna veya durajan durum kokull aréna ul aker .
yapélabilir (Alp ve ¥z, 2009) .
Her hangi bir durumdan dijer b¢t ergodtzincamleawvar g é 4 ir
m duruma sahip ergoklibir Makrov zincirininnad ém sonr aki ge-i kK ol aséel ék|
yazélabilir:

“ “ EH
= e € E §& (3.14)
o w“ w“ E “

nnin kEeekddviekit-°irng ayné satér ol asél ekl aréna s:

« — io Ed (3.15)
Bu dejerl er idenge adrwmkd iujredruj wmidre nde vy i( k i ewnéya R a rdaarjl el | eénké
durumu, “ot 8 " ke kdedirve “ B pkokul unu sajl amal éc
format énda;
“ 0D (3.16)
Keklindedir. Denge dajélemé exitliiji i se

hoon Eon
“or 8" “or 8 € € E € (3.17)

n n E n
bi - i mi ndeg Kealdded aerde [12i0r2®M;1 9 ; Kayran ve Y¢gcel, 2016
2011Alpve ¥z) 20009
4.UYGULAMA
Bu -al ékmanén temelinde Markov zincirlerinin, y °
mar ka bajémleéel éklarénée aktif bir kekilde hesapl a
Araktérmal ardal @xumakémr mamdeé gereji, ana k¢gtl ey
d¢kek maliyet ile ger-eklektirilmesi i -in kitled
Beylelikle °rneklem b¢ycéekl ¢] ¢ hesiafpaldaen éerd. e r¥.r nBekyl
bu -al ékmada, anket sayéséné artéerdéjemezda °rne
Bu -al exmada hedef kitle Téerkiye genel i baz é
beyekl ¢ ¢ndedir. mSe-kKiltelnePirm e%l .elmB dismei, taemsi | et
sayéséené da temsil etmik ol ur ¢tal ékxmada anket v

istatistikleri Tablel 6 d e ki gi bi di r .
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Tablol:Anket Verileriniiklei-in Ana Kitle gks
ANAK,| TLE Gruplar Ki ki 3
Y¥KDKL 575
Ej i tim KurFagg 9670
Kurupelit | Lisans 27762
OM! ¥jrenc K@MPey Ksekli 6146
Instagram 12700
Facebook 600
Sosyal Medya WhatsApp 214
Halk
Akrabalar 333
Dijer °Jrencil
TOPLAM Yakl akeéek 58000
|l tel ere g°re OM,] i statisti kIl eri sayélarla O
téma ait keosliumdtenr thlemwitl arn.ar a k
rat¢r - al & Kkma llabreé nga® rbea k6e9l 0d €4 neknedta sTaaybd soé nd a n
n d¢zeyinde 0.05 °rneklem hataséeyla 182 ank
°rnekl em hatyastéeylla 200 4a raankk e&P osweeyré sp& ogr amé n (
geven d¢egzeyinde 690 anket sayésé ana kitleyi
l er . Hesapl ama yapél érken i ki bSainmentest) gr up
| anmékteéer . Bu i ki baje#ethde w9geupl eamadéndakiduf
ml el éjé olarak belirtilir.
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Tablo2:Anket Sayeéese Kstatistiklerijgg

Durumlar Gruplar Ki ki

Kadeéen 412

Cinsiyet Durumu Erkek 578

1519 55

20-29 451

Yak Dur umu| 3039 127

40-49 40

50-65 17

Kl k°jre 29

Lise 74

Ejitim Dur{Y¢s;kseko 31

Lisans 440

Y¢é ksekl 92

Doktora 24

¢tal exan 278

¢al @ékma Du/¢tal &k ma 86

¥Jrenci 321

Emekii 5

TOPLAM 690
veriler incelendijinde uygulama T¢rkiy
yak gruplarée séenéflandéréel méktéer. Ancak 15
jundgapndan y a K grupl andér maseéna dahi l edi
flandéer él mekt ér . Ayr éca anket e kat él an ki k
l andérma yapélarak °rneklem bgorkll g§jled diese akE Kk

I mi ktir.

kmada kull anélan veriler anket y°ntemiyle el
ki kull anmék ol dukl aré hazeéer giyim markal ar
ma ri ksa Inadre ni, - earn k e t sonucu®Bddg°wver ol art drdu lmaal
alar, ADijerlerio kategorisinde toplanméxter
tte vyer alan hazeér gi yi m3 ondaer kwvad rair Iemiak taiirt. sk
anél ar arka tMrair kiovo lgek ti kr ul mukt ur . Mar kov ge-i K
m mar kaséndan dijer hazeér giyim mar kabsdéena g e

Il mi Kt ir.
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Tablo3:Hazér Giyim Markal ar é | 66
Séra No Marka
1 LC Waikiki
2 Mavi
3 Koton
4 DeFacto
5 Zara
6 LTB
7 HM
8 Polo
9 Colins
10 Pullbear
11 Bershka
12 Dijerle
¢al é Kk ma, hazér giyim mar kal aré araséndaki ge-i K
ol arak elB°vyalleélninkélket élrer hangi bir satér ile s¢gtun
giyim mar kal aréndan Kuanda kull anél an -hader gi
vermektedir.
Tablo4:Hazéer Giyim Markal aréna Ait Ge-iK
Hal en Kahl Baégér Giyim Mar k a
1 2 3 4 5 6 7 8 9 10 | 11 12
1 155 | 46 | 24 | 14 6 7 11 3 6 5 6 56
z 2 17 106 7 11 8 1 2 0 3 2 30
© 3 16 27 | 102 | 6 9 1 6 5 3 4 9 39
g 4 20 25 12 | 71 9 7 4 5 4 11 | 14 29
— 5 7 2 4 4 39 0 4 1 1 1 1 10
5 6 2 3 0 1 0 10 1 0 0 1 1 5
X 71 23] 11|30 27105 ]| 2] 10
o 8 3 4 0 0 0 0 1 13 0 0 0 2
2 9 4 6 3 0 1 1 0 0 19 0 1 5
* 10 3 1 4 5 2 1 1 0 0 16 1
= 11 4 3 2 2 4 0 0 0 1 2 24 11
o 12 | 26 27 18 | 22 | 10 5 5 6 2 1 7 231
Bu matris durumlar olarak a b u | edilen her Dbir hazér giyim mar

- A e

mar kal aré sahipli i ne ge- i-&KO6dmeikkit amd tarriésntée ng °ysa rea |
edilen genel Mar k o6 doee - i ks &@p lasrerh & ktl arr .é E K
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Mar kov gleéklkarod ama&t ri si ol ukturul urken, satér|l67ar
dejerine b°l ¢¢nmekt ¢ér . Ge-i K ol aséléeklaré matri si
olukacak ger-ek denge durumu odenged ékdraumu helsap
sisteme her hangi bir deéexk me,dénh as cen rod kma ddéy réu nvua risfa
Bu hesaplama Microsoft Excel 6de hesaplanméxkt ér .
EK-26de verilmik olan Mar kov Ge- i k aBléa skaull d kalnagrce | M
sonra tercih etmik olduklarée hazeéer giyim mar kas
Ol aseéel ékl ar é Matrisinin k°kegen el emanl ar e h a z
g°stermektedir. KsPiknedgee ns éefl éerndaannl alr ey ¢j k- ealian dej er
Ge-i kK matrisi sonucuna g°re k°kegen el emanl ar énd
56te séralanméxkter
Bu tabl o, s®z konusu hazeéer gi yi ek lImarr&kmd agE®ntEar rk
Dejerler daha ©°nce bir markayé tercih etmik ol a
g°stermektedir.
Tablo5:Mar ka Bajéml él ej é

Durum Marka Y¢zde

12 Dijerl 64.1

8 Polo 56.5

2 Mavi 56.3

5 Zara 52.7

7 HM 49.0

9 Colins 47.5

1 LC Waikiki 45.7

11 Bershka 45.2

3 Koton 44.9

LTB 41.6

10 Pullbear 39.0

4 DeFacto 33.6
Yukar éedaki tablo incelendijinde genel ol arak ha
kull anemé i-in ayné mar kabie] drelrecriih (e%ame. 1lo)l,a sRed léf

(%56.3),Zara (%2.7), HM (%49.0) Colins (%47.5), LC Wakiki (%45.7), Bershka(%45.2), Koton
(%44.9),LTB (%41.6), Pullbear (%39.0peFacto (8 3. 6) ol duju g°r ¢l mektedir

EK-26de Mar kov Ge-ik Ol asel ékl ar é Matri si kul |l ar
ol aséel ékl aré de] erdoltearlisnwbokutluurnmuk ve Tabl o
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Tablo5:Anket Verileri i-in Denge Dur umyggOl
Denge Durumu
Sér a Marka Ol asel é]
1 LC Waikiki 20.7
2 Mavi 11.4
3 Koton 13.8
4 DeFacto 12.9
5 Zara 4.5
6 LTB 1.46
7 HM 3.3
8 Polo 1.40
9 Colins 2.4
10 Pullbear 2.5
11 Bershka 3.2
12 Dijerl 22.0
Yukaréedaki tabl o gel ecekt e (uzun d°nemde) ol u
g°stermektedir. Tablo 46de g°re hazeér giyim ter
gel ecekt e kul IDaneéecréllBarrirépns P862L2C OVBaui ki ki , %1 3. 80 K
%11. 46i 4 MTdrg %3 .%6¢ 3HM,060s% Ber shka, %2 . 5 06li. 4BWIsléb e a
LTB,%1 . 4 0 6rea rPkod ohaz ér giyim kullanéyor ol acakteér.
Yukar edadotTeabVeri |l eml éEMaerjkeé 6idBae] vieabllen Denge Duru
araséndaki farkeén y¢gzdeli k ol arak Kuludde Guarfiil] mi w
(o]
601 ‘ Marka
(<]
5 o Bershka
° e Colins
[e]
° ° P e DeFacto
40 o . e Digerleri
e HM
° e Koton
©  LC Waikiki
e LTB
20 A ° e o Mavi
o Polo
= ° © Pullbear
© Zara
Denge burumu Marka Blag\mhligi

kekiMarlka Bajémléléjée ve Denge Durumu OI as
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k e klible bakeéel dejéenda Marka Bajeéemléléjéenéen %40 |é9e
0 ile %20 arasénda dajeldeje gore¢gl éer. B°y|e|ik
ista i sti ksel olarak anlamleé bir farkleéelék ol duju
5. SONU¢ VE DEJERLENDKRME

¢tal éeékxkmada hazér giyim marka tercihlerinin anal
-al exmal arén -ojunda hal en t e markaherciblatini letkleyenmar k a |
fakt°rler ve bu fakto°rlerin etkileri i ncel enmi kKt
(mobilite), dijer bir i fadeyl e hazeéer giyim sal
i ncel enmi ratzuérr.ngeyri mbimartkaséndan dijer mar kal ar a
mar ka i -in marka bajl él ékl aré hesaplanméxteéer. Ay
paylaré (uzun d°nem denge durumu)da tahmin ediln
Anal i&90 -kinki ye anket uygulanmékteéer. Anketl erden
ol aséel ékl aré matri si ve uzun d°nem denge vekt?Oor
bajémleéel éeklaré hakkeénda bilgilere ulakeéel mékter.

QO

Hazeéer gkialiaamw emakul | ané r yeni hazéer giyim kul
o markaya ol an bajeém |l ekl aréné g°stermektedir.
ser aBiejydral er i  ( %64. 1), Pzada (62(7)yd8V6(%8.0)Coling&o47.5), ( %56 . 3
LC Waikiki (%45.7), Bershka(%45.2), Koton(%44.9),LTB (%41.6), Pullbear (%39.0DeFacto
(W33.6) olduju g°r¢l mektedir.

c
I

o D
— o

n
n

Hazér giyim tercihlerinde uzun d° nemde her hang
kul leameén %22. @®u 7Disj erLICerWa,i k% Kk i , %13. 80 Kot or
Mavi, 94 . Yé&a %3 . 36¢, 3HN,06s% Ber shka, %2 . 5061. Paud d & elaT B,
%l . 40 6marPkd ohazér giyim kulla

neyor ol acakteéer.
Zara mar k ak uthlalzeémramgligyriem % 52. 706 s
m

i satéen al acajeée
i fade etmiktir. Denge da ]élé énda ise uzun d°%ner
ol arak bulunmuktur. Aradaki farkni Riarmaedamdameéke
giyim sayésénén az ol masé ve dolayéséyla Zaraodd
rajmen sayénén dijer markalara oranla daha az o
ge-iklerin dijeecelair kal arakoaanbbhmgs8edeéer . Benzer
g°zl eml enebiMairrk.a BBRYg¥Imdleilllelfjéeneén %40 il e %60 ar as
ise 0 ile %20 arasénda dajéldejé g°rglepda BNy ael
bir farkl él ék ol duju a-ékl aneér

EK-26deki ge-ik matrisine ait markalar incelendiij
t¢em markal ara ait marka bajéemléeléejénen yéiksek ol

Firmal arén hazée
i

g iy i omr &krud d aynerciéd em élnemd ihamar k al
mar kal aré ve di er hazeér giyim markalareée kull an:
tercih ettiklerinin bilinmesi, firmanéigilerpazar|l &
sajlayacakt ér .
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tercihlerinin mar kov Gaizn misrma nypCarktae mii |ii,lms ed n aAl
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¥zdemir, A. Y., . (B07)A&km cextonel luer i k Tahminl eme
¢°z¢mlemesinde Markov Zincirlerdi Analizinin
Akyurt, KL ke 20dnécel endirme sistemKsi anhmalr k
'ni versitesi Kkl et nkensktaiktég stée sYi22(B@kt4b600 nee rKgkitsiis ¢
Kl ar sl an, Hidgse sened Oiyat4 Hareketlerinin tahmin edilmesinde Markov
zincirlerinin kullanél masé@é: Kmkb 10 bankacél
-al ekanar n al of Y%3k)®H1586198i versity

Ayt emi z, T. , & k Warkgw Zingitlerinin Akonongik2 BirORtopleme
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YAZI ClI OJLU, Y. and ESPBD UygN ,a m& |l & BOLilmsel A

Y°nt eml er i
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EK-1 : Anket Sorul aré | 71
DBir ¥nceki kull andéj énéz Hazér Giyim Markal ar é
eeéeééeecéeééeééecéeceéeéecéeececté

NOT:Yazél acak ol an marka isimleri séral é «kxekil de
Wa ki ki mar ka pantolon kullaneéeyor olup kKxuanda M
kesémlaréna séralée Kekilde yaeéexnékil dejeéer dlbha B ma
SAYI LARI EKKT OLMALI DI R.

2)dkuanda kull andéj énéz Hazeéer Giyim Markal ar é
eeéeééeecéeééeééecéeéeéeéecéeecécté

NOT:Yazél acak ol an marka isimleri séral é «kxekil de
Wakiki marka pantlin kul |l anéyor olup Kuanda Mavi mar k a
kesémlaréna séralé kKekilde yazénez. Dijer Hazeéer

SAYIl L ARI EkKKT OLMALI DI R.

Anket. Dol duran Kikinin
Cinsiyeti :

Efjitim Dur umu

Yak Ar al ej é

tal ékéyor mu, ¢al éekméyor mu, ¥Jrenci mi , Emekl| i

¢tal éeékxkéyor ise B°l ¢m Okuyor ise B°l ¢m
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EK-2: Mar kov Ge-i kK Matrisi
1 2 3 4 5 6 7 8 9 10 11 12

1 | 0,457 | 0,1356 ] 0,0707 | 0,0412 | 0,0176 | 0,0206 | 0,0324 | 0,0088 | 0,0176 | 0,0147 | 0,0176 | 0,1651
2271 | 93215 | 9646 | 97935 | 99115 | 48968 | 48378 | 49558 | 99115 | 49263 | 99115 | 9174
39

2 0,090 | 0,5638 | 0,0372 | 0,0585 | 0,0425| 0,0053| 0,0106 | O 0,0159 | 0,0053 | 0,0106 | 0,1595
4255 | 29787 | 34043 | 10638 | 53191 | 19149 | 38298 57447 | 19149 | 38298 | 74468
32

3 | 0,070 | 0,1189 | 0,4493 | 0,0264 | 0,0396 | 0,0044 | 0,0264 | 0,0220 | 0,0132 | 0,0176 | 0,0396 | 0,1718
4845 | 42731 | 39207 | 31718 | 47577 | 05286 | 31718 | 26432 | 15859 | 21145 | 47577 | 06167
81

4 0,094 | 0,1184 | 0,0568 | 0,3364 | 0,0426 | 0,0331| 0,0189 | 0,0236 | 0,0189 | 0,0521 | 0,0663 | 0,1374
7867 | 83412 | 72038 | 92891 | 54028 | 75355 | 57346 | 96682 | 57346 | 32701 | 50711 | 40758
3

5 | 0,094 | 0,0270| 0,0540 | 0,0540 | 0,5270 | O 0,0540 | 0,0135 | 0,0135 | 0,0135 | 0,0135 | 0,1351
5945 | 27027 | 54054 | 54054 | 27027 54054 | 13514 | 13514 | 13514 | 13514 | 35135
95

6 |0,083]0125 |0 0,0416| 0 0,4166 | 0,0416 | 0 0 0,0416 | 0,0416 | 0,2083
3333 66667 66667 | 66667 66667 | 66667 | 33333
33

7 | 0,036 | 0,0545 | 0,0181 | 0,0181 | 0,0545 | O 0,4909 | 0,0181 | 0 0,0909 | 0,0363 | 0,1818
3636 | 45455 | 81818 | 81818 | 45455 09091 | 81818 09091 | 63636 | 18182
36

8 0,130 0,1739| 0 0 0 0 0,0434 | 0,5652 | 0 0 0 0,0869
4347 | 13043 78261 | 17391 56522
83

9 (01 |015 |0075 |0 0,025 | 0,025 | 0 0 0,475 | 0 0,025 | 0,125

10| 0,073 | 0,0243| 0,0975 | 0,1219 | 0,0487 | 0,0243 | 0,0243| 0 0 0,3902 | 0,0243 | 0,1707
1707 | 90244 | 60976 | 5122 80488 | 90244 | 90244 43902 | 90244 | 31707
32

11| 0,075 | 0,0566 | 0,0377 | 0,0377| 0,0754 | O 0 0 0,0188| 0,0377 | 0,4528 | 0,2075
4716 | 03774 | 35849 | 35849 | 71698 67925 | 35849 | 30189 | 4717
98

120,072 | 0,075 | 0,06 | 0,0611] 0,0277 | 0,0138 | 0,0138 | 0,0166 | 0,0055 | 0,0027 | 0,0194 | 0,6416
2222 11111 | 77778 | 88889 | 88889 | 66667 | 55556 | 77778 | 44444 | 66667
22

| 72
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¥zet

¢oklu regresyon analizinde karkélakélan sorunl a
a-eéeklayecé dejikkenler araséndaki geé¢-1 ¢ bir il
parametre kestirimleriani P zweddy&n eé ke -k Ky dtes ro.r t Bl
haci ml er i i -in, katsayélar tek tek istatistiksel
sonucunu verebilecektir. Ayréca tahmin endel en re
de yanl ékl ek ol abilecektir. Dol ayéséeyla a-ékl ance
edilecektir. Bu -al ékmada ©°nce -oklu dojrusall ék
model i i-in Ridgzgmdn us &reisdii rmadeslilydrei vleir uygul
ile el de edilen modelin dijerlerine g°re en iyl
Anahtar Kelimeler: ¢ okl u Dojrusall ék, Ri dge, Liu Kestirici
TheMul ti collinearity and An Application for Turk

Series Estimator

Abstract

One of the problems encountered in the mmatjression analysis is multicollinearity case.
Multicollinearity in regression models is a resoitstrong correlations among independent variables.
The existence of multicollinearity inflates the variances of the parameter estimates. That may result,
particularly for small and moderate sample sizes, in lack of statistical significance of individual
independent variables while the overall model may be strongly significant. Multicollinearity may also
result in wrong signs and magnitudes of regression coefficient estimates, and consequently in incorrect
conclusions about relationships between indepdrateh dependent variables. In this research, firstly,
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theoretical structure of collinearity diagnostics and Liu estimator is introduced. At the end an applicatiop 4
of Ri dge, Liu,time series estimator f or Lhd he 'Fur
estimator gave the best prediction.

Keywords: Multicollinearity, Ridge Estimator, Liu Estimator, Time Series, Turkey, Export

1. GKRKK

Khracat ya da déksat ém, bir mal én veya hizmeti
Genel |l i kel evebyiar «k¢jlrkk et taraféendan ger-eklexktirild@
dengesini ol ukturur . Bir malén wulusl ararasé paz.
D°viz kurunun d¢kmesi, yani deérelri kpaaramas éy alsazc
ulusl ararasé pazarda daha pahal é& hale getireceji

bretici fiyat endeksi ya da késaltmaseé | FE, bel
apeélan ve yurtnig¢ési pel esraitrek a¢ tketniuciol fai yat !l ar éneé
eji ki kliklerini ©°l-en fiyat endeksidir. Ayl ék v

o<
-5

Teketici fiyat endeksi ya da keéesralcia bTijrFEgr gn puv &
ubunun fiyatlaréndaki ortalama deji ki mler.| g
jikimi °l-mek i-in kullanélér. T} FE, istatistik
I se-ilirnéve klabuy éle dti é me . Endeks dejeri 100" d
flasyon dejerlerine g°re dejikkenlik g°sterir

o< QQ

r
e
e
n

Mer kez bankasé bilan-osu, para pol atiéek@sé&anyualk
takémaktader. Para politikasé uygul amal aré mer Kk
dejikiklikler bilan-o0o ¢zerinden takip edilebilir
dekeée kesime ol aneryi¢grk.e mPagdisfkllealieeml ggr°dsede yapéel an d
ayarl anéerken, likiditenin hangi kal eml erden sajl
Regresyon analizi dejikkenler araséndakikseli I i K ki
bir y°ntemdir. Regresyonun -ok farkl & uygul ama ¢
ve kimya bilimleri, i ktisat, y°netim, yakam ve I
t¢e¢m al anl arda kul | anénlama kzti a deénr .y abHagtétna krud d raenséyl cam

y yanét dejikkeni ile dojrusal il i kkiyebagtahi p t
dojrusal regresyon model i ol arak el e al énmaktadé

V=0, +Gx+e&
(1.1)

ol arak tanéeml dnkagi mdipketjsne aodemak ¢zere bil i nme
- da rasgele hata bil exkemiildiimrme yHeant aJv aarr yeaenn ssaé f £a't
ili kKkisiz olldwekdmirléi nmeeryseany éd &arrametr el er ol up ©°r
kestirilmeleri gerekmektedir. V, X1), (Y2, X2),vveey (Yn s Xn) ol mak ¢zere "n" sayeéc
var salyevegepar ametreleri'hkEn kgt ik m&R rkeu-l élma n¥q réetre mi
yent eowke &1, Vvig°zl emleri il e regresyon dojrusu ar a
mi ni mum ol acak kekilde kestirilir.

Yanét dyej,i kkkesnayéda bajémséz dejikkenle ilikkil:@
V= 0o+ i+ Goxy o+ X + £
(1.2)
modelik baj emséz - odkeéjui Kka@mlfirusalol arrakgr e sayddmand émad e

i, j=0,,..k parametrelerii e g r e s y o nolakalatilisird yp@dmetregix (il jbaj e ms é z
deji kkenl eri zamar bbi a] € mstéwt udleduijkuk e ni ndeKki bir
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gelen yyanet deji kKkenindeki bekl eneln,j=0l.]k Kimji5
parametrel eri genelli kle keésmi regresyon kat Jayé
v=XF+¢&
(1.3)
V1 1 X11 X2 X1k
v = Y2 X = 1 x5 X Xk
Vi 1 X1 Xn2 Xnk
5o &1
5= By  e= )
}6,?( &y
(1.4

y,nx1 boyutlu g°X,neapd eyutvilelktlBPajcémséezZ , dgxljpoywtlk enl er
regresyon kat samnxél arb@dywdHltu® mrgasweagel e hatal ar vekt

p=(x'X) X'y

(1.5)
¢oklu dojrusal recgrre syYoftjtetme eyl yekkkag ede&r eldenk!| e ml
Ot okorel asyon, ya da °z ilinti, bir sinyalin fa
Bakka bir deyi«kl e, gzl emlenen dejerler arasénd:
ol arak i fadesidir. Ot okorelasyon anali zi tekrar
frekansénén tespit edi | mesi gi bi ama-1ar i -in
fonksiyonlarén ya da delzéirl.erin anali zi i -in seéek-
¢oklu regresyon analizinde otokorelasyon, hat a t
tanéml ar . Bu dur um, genel dojrusal regresyon mo
dojrusal regresyon modéehbhtavaesamémr genepséaldar ak
2. ¢oklu Dojrusalléekta Ridge Regresyon ve Liu F
¢okl u dojrusall ek ekonometrik denkl emin a-éekl ayé¢
bir sorundur . Kkéik atb¢irl iorl.a rEgke rk aar-kéeknhéazyaé c-é dej i KKk
itam -oklu dojrusalléeko sorunu s°z konusudur . EJ
il KK i-indeyse Atam ol mayan -oklu dojrusall éeko
1.4'teki X matrisinde Xile Xsar asénda tam birbdojdepakkehl gki @aa
korel asyon kat sayeéeseé 1 ol acakter. Bu dur umda r e
ol acaktér.Yine bu sorun | X]| =0"1wdgXX)Xuluidgmazdve s on u c L
denklem tahmin edilemez.
Kl asi k modelin varsayémlaré sajlandéjénda regre:
BLUEOGdur . ¢oklu dojrusall ék, tama yakén -oklu d
karelert ahmin edicil eri BLUE ©°zelliklerini korumayée
°nem kazanéyor . Asl énda -oklu dojrusall ék hi-Dbi
tahminler bulunur, bunl ar &n¢ osktlaun ddaorjtr uhsaatl d [ég réén de
standart sapmal & katsayé tahminleri bul mayée =zor
sayésénéen ¢stegndeyse -oklu dojrusalléek ortaya -6
¢oklu dojrusalléejé d¢zeltici °nlemler i se;

A ¥nsel bilgi,
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A Kesit \erileriyle zaman serisi verilerini bir araya toplama;

| 76
Déksal ya da ©°nsel bil gi teknijinin bir bi-imi
zaman serisi verilerini bir araya topl amakteér.

A Dejikken(ler)i at mak ve model kur ma sapmasé;
¢okl u dojrusall é&k sorununda en basit yol ortak o
Bir dejikkeni model den -ékarmakl a model kur ma ha

A Dejikkenlerin don¢gkterel mesi,

A Ekya da yeni veri;

A ¢oklu regresyonlarda ortak dojrusalléje azal

A ¢oklu dojrusalleje d¢zeltmek i-in bakka ©°nle

Fakt©°r anali zi (etmen -°z¢:;mlemesi)
Temel bilekenler (principal component s)
Ri dge (sért) regresyonu

Di k ol mayan verilere en k¢-¢k kareler yo°nt emi |
kestirimlerdi el de edilir. Edn &g, -yé¢akn sléar eblierr kye°snttie
zorunl uj eMaurk.oauSzsel | i J i erni ck i gk n kyraalserz kKoe§tri
sénéeféndaki en ke¢-¢k varyansa sahip ol dujundan
k¢-¢k olacajénée garanti si y ok thniern. kesrtdmrud chafi infiln
zorunl ul uj-umekkat Reedg e gpgon katsayéel arénén yanl é Kke:¢
i kKl eml er geliktirilmiktir.Bunlardan Dbirisi ridg
°neril miktir.

P= XX+ k)XY
(2.1)
2.1"de ridge regresyon kestiricisi gosteril mel
bul undurul dujunda yanlé ol maséna karkén varyanseée
ridge regresyonyy nt emi nin bakl éca kullaném ama-1laré «kxunl a
A ¢oklu regresyon modelinde bajéemséz dejikkenl e
kareler kestiricisinden daha k¢-¢k varyans| é

A G¢-1¢ -0kl u dosfiryulsealr ebgarjeésnytoén ekiaktisay él ar énda

czerinde g°steril mesinde,

A Model deki gereksiz dejikkenlerin -ékareéel maseér
A Ridge regresyon y°nteminin en k¢-¢k karelerd:
Oilelaraséeénda dejer alan her k i-in hesaplanan

sahip olanlar belirlenir.

p, = (XX + I (Xy+dp)

(2.2)
2.2"'"de g°r¢lecefji gi bi fd4&iilue tga®hsnd enrciy lcsandmedtésstt.ep i | m
ve 1 arasénda bir psaabaintettirre.silniiwm tdeolf miurscadl&nhb ik f o
se-imitahrmirimsingleteénén se-imine oranla oldukkal basient i
°nemli °zelliktir.
Liu tahmincis nde de ama - dijer yanl e tahmincilerde ol

parametre tahmincilerinin varyanslaréné d¢ker mek
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Liu (1993), her zaman EKK tahmincidiaha k¢- ¢k HK@O<4ajarapaoadl (Pb|<i'7_/r

bulunabil ecejini ispatlaméxter.
= (k) a
RI Cdl(di)
as
,4’
35-?
3 '
o £ 1
kekil 2.1 Ortak k ve d
Optmalk dejerinin seéfeéera yakléint esrea-ti¢lrmgensdie ryiadyggee nr
°rm¢kKt egr. Ancak bu driaf itkathemirnicd ggd nti anh neikrvet il g i] i inli

g
d dejeri el deregtdmibebol eceji
3. MODEL VE VERK SETK

Veriler TCMB site2020deynwélal @amnémeatért 20068r ekl i k v
a-éklanan dejikken i hracat , -caf-e2 kd mdyeckcsei tkoulel an é

logihr: Logaritma ihracat

yi ¢fe=Yurt eksii cretim end

t ¢f e: Teketici fiyat endeksi

pasif:  TCMB pasif ye¢keml gl ¢kl er i
Standartl aktérélarak el de edilen model
logihr=not mt ¢ fagy4 ¢ famasif

4 . AMPKRKK BULGULAR

Probability Plot of RESI

Mormal

Mesn  1788693E-16
StDev 02016
N 72
AD 0,205
&« P-Value 0,869

I
U 50
@ 40
& 3
20
10
5
L)
14 @
01
0,50 0,25 0,00 0,25 0,50 0,75
RESI
Tablo 4.1 Normal daj él éma uyma
Regresyon model i Mi nitab 18 pr ogr aDaréng@sinek ur ul mu Kk
g°re nor mal dajéel éména uyduju g°r ¢l megkter.
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ANOVA* | 78
Sum of
Model Squares df Mean Square F Sig.
1 Regression 68,115 3 22,705 535,139 ,DDDb
Residual 2,885 (5= 042
Total 71,000 71
a. DependentYariable: logihr
b. Predictors: (Constant), yidfe, tife, pasif
Coefficients®
Standardized
Unstandardized Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta 1 Sig. Tolerance VIF
1 (Constant) -2,656E-007 024 ,o0o 1,000
tife -,050 051 -,050 -,982 330 234 4,279
pasif -,837 143 -,837 -5,852 000 029 34,232
yitfe 1,748 137 1,748 12,809 000 032 31,214
a. DependentYariable: logihr
Tabl o 4.2 Model anl amléeléejé ve VIF
SPSS 21 programénén -éktéesénda modelin anl aml e
ol duj u bazée katsayéel ar én anl aml é ol duj u goer¢élon
K¢e¢pdreenmi ktir VKF bu sonucu dojrular niteliktedi
!;;.—:
KLFrI = Er ] _:Ij
=1 ] (4.2)
4. 16deki formgl Lawless ve Wangdéen 19766da °nerd
dejheersapl anméxt eéer
LW (lm.ridge) 0.04420
Tablo 4.3 R Ridge k -ékteseé
p n:r—r-z
d = i,".r'-]}z
ﬂpf o p |."2 |.-:'-r'."|.r-1
E T
4. 26deki for mgl Liwu 199306de °nerdifji bir form,
hesapl anméxktér
dopt 0.97582
Tablo 4.4 R Liu d -éktese
X=0 X=0.05 XK=0.1 X=0.15 X=0.2 K=0.25
tife -0.04964905 -0.0477060 -0.04602021 -0.04456005 -0.04329869 -0.04221324
pasif -0.83696447 -0.7814974 -0.73063243 -0.68382494 -0.64061306 -0.60060237
yitufe 1.74940920 1.6953197 1.64560601 1.59975164 1.55731832 1.51793183
Tablo 4.4 R Ridge k dejerlerine g°re
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Ri dge regresyon yanl él ek parametresi k dejerl i

4. 46deki dejerler hesapl anmékteéerforgwleeslse svgqol -

k=0.0442006dir. Yakl akek ol arak k yanl él ék par amet
d=0.9 d=0.925 d=0.95 d=0.975 d=1

tife -0.0484963 -0.04878449 -0.04907267 -0.04936086 -0.04964905
pasif -0.7762979 -0.79146457 -0.80663120 -0.82179784 -0.83696447
yiilife 1.6891020 1.70417877 1.71925558 1.73433239 1.74940920

Tablo 4.5 R Liu d dejerline g°re -eéekt

Liu regresyon yanleéel ék parametresi sgdgrgmiedéeta b
4. 50deki dejerler hesapl anméxkt ér . Liudnun
dopt=0.9758206dir.Yakl akeék ol ar ak Amtak puw rablotat & k pa
incelendijinde ridge tahminlcdydcalk eortlaki hiarh mk nw«
edil ebileceji ger ¢l megk ol ur .
Variance Bias”2 MSE rsigmaz2 F R2 adj-R2 CN
K=0 0.0411 0.0000 0.0411 0.0418 543.0078 0.9594 0.9582 178.6255
K=0.0225 0.0396 0.0013 0.0409 0.0418 542.7420 0.9570 0.9558 175.1246
K=0.045 0.0383 0.0049 0.0432 0.0419 541.9830 0.9548 0.9535 171.7591
Tablo 4.6 R Ridge k dejerlerine g°re -
Ridge regresyon yanl él ék par adnedeerrels#4. k. e egr L mgn
4. 66daki dejerler hesapl anméxkt er . Lawl ess vV e !
k=0.0442006dir. Yakl akék ol arak k yanl él ek par amet
parametresi ?095®% degielii bmiknRuktur.
EDF Sigma2 CL VAR Bias"2 MSE F R2 adj-R2
d=0.9 69.0023 0.0419 4.8915 0.0377 0.0073 0.0450 541.4658 0.9592 0.9574
d=0.925 69.0013 0.0419 4.9182 0.0385 0.0041 0.0426 542.1396 0.9593 0.9575
d=0.95 69.0006 0.0418 4.9452 0.0393 0.0018 0.0412 542.6219 0.9593 0.9575
d=0.975 69.0001 0.0418 4.9724 0.0402 0.0005 0.0406 542.9117 0.9594 0.9576
Tablo 4.7 R Liu d dejerlerine g°re -¢€k
Liu regresyon yanleéleéek paramdéejesliedi dé&jJerlesiy§ n4
4. 706deki dejerler hesapl anmékt ér . Liudnun :
dopt =0.9758206dir.Yakl akék olarak d vyanleéelék par
yanl él ék par ame £=0.9536i@& jieriin bduglzuen muikltmirk. BRu sonu- it
osteéen kélar.¢¢nk¢ Liu?dajheniinciRsidgien tdbhmé&Intcii lsmin
dejerinden b¢gyeéekteor.
tife pasift viutufe
k=0 4 .27852 34.23230 31 .21403
k=0.0225 3.2848 6.37817 6.06647
k=0.045 2.64213 2.84232 2.82235
Tablo4.8RRidgekdeer | eri ne g°re -ékte
Mar quardt ve Snee (1975), yanl él ek parametresin
kull anél maséné °nermiklerdir. VBF dejeri 1 ile 1
ol arak sieni |l leél iGerneilk|oelradriark., 4" ¢sn ¢zerindeki bi i
ol abilecejini ve daha fazla araktérmanén ger ekl

g°re hesaplanmék VBF dejerleriegdefeaejpinciezbsdbond
k=0.045 bulunur.
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> AIC (mod)

80
[1] -17.30403 |
> BIC (mod)
[1] -5.920696
Tablo 4.8 R EKKAIC,BIG ékt é
Tablo 4.86deki Al C dejeri EKK y°ntemine aittir
AIC BIC
K=0 —-225.6311 8§9.11891
K=0.0225 -200.2411 112.88419
K=0.045 -187.9036 124.64517

Tablo 4.9 RRidge AIC,BIG é k't &

Tabl o 4. 96daki Al C dej er iAIRd ddgee] erreignriens ykosn- ¢yk® notlemm
Yukarédaki k yafAlrel daespaplt amenéke il €e dgdejerleri g°
buradan da el de edecejimiz sonu- Ridge y°ntemind

ATC BIC

d=0.9 —-225.5348 89.08910

d=0.925 —-225.5976 89.05774

d=0 .95 —-225.634947 89.05220

d=0 .97S =225.6459 ‘89.07253

d=; —-225.6312 89.11878

Tablo4.10 RLIUAIC,BIG ékt &

Tablo 4. 106daki AI C dejeAil CLOa]jeegniensnybkp-yknbdbkma
Yukaréedaki d yanl él ek par améat rgeszi e in°dree bhud suanplug

buradan da el de edecejimiz sonu- Ridge y°ntemind
ger ¢l megkt ¢r.
5. SONU¢
d=0.975S

tlfe _op.04936086

pasif _o.s2179784

yiilife 1.73433239

Tablo 5.1 -RKklieu kat sayé

Liu regresyon kestArekmlaeain deldoda&lein gihbiadiat t er . 1
i hracat azal acajé sonucuna varél méxkterat jafre azraf &
sonucuna varélmektér. TCMB pasif y¢keml gl ¢kl eri
sonucuna varél mexter.
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Ki Boyutlu BurgersDenkl emi nin Bir N¢gmeri k

Dr. ¥jretim |yelsi PGohcaDtel Emtar Nesliggl
'Kafkas ! niversitesi, Fen Edebiyat Fakg¢ltesi
’Kn°n¢ !'niversitesi, Fen EdMbli gtaya Fakel kiewé

¥zet

Burgers denkl emi , gaz dinamiji, t¢e¢rbelans ve
mat emati ksel bir model i ol arak ortaya -eékar. T
di nami i model idir ve kokmddkebaharacekenmesi bir -
fiziksel akék sénéfénén kavramsal ol arak anl akél
de¢kKenegl megkt ¢gr . Bu -al ekmada, i ki boyutl u -Bwmr ger ¢
Al ternating Direction I mplicit (ADI) y°nt emi k u
g°stermek i-in bir model problem incelenmi«ktir.
-%z¢mler i le karkél akteéerebkmimkerve nakeni & e 2k g il
normlareée ile wverilmiktir. -N¢eumaemi n(l Foairtiee&d IKkara
y°nt emi kull anél arak g°sterilmiktir.

Anahtar Kelimeler: Al t ernating Direction | mpBurgecssiDenkldmhA DI ) Y ¢
Von-Neumann Kararl él ek Anal i zi

1. GKRKK
D:{(x,y):a¢x bcyttii'b°lgesi izerinde

wru(y ) e(u ) @
Denklemi ile verilen iki boyutlu Burgers denklemini
u(x 0= f(x3). (xy [ D @
Bakl angé- kartée ve
u(xv9=g(x %), xyl Bt © ©)

Sénér «kartlareéeyl a fgégbilifen fonksyonmiveReReny n Blud s dsaay é s é

¢ Z eer:ei dir.
Re
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Burgers denklemi, gaz dinamiji, t¢rbeglans ve l%gk
bir model.i o I Tasrrabke, | aarntsaéyna B-uérkgeerr.s model i -ok °'ne
ve bu modelin incelenmesi ve Kok dalgal aré teor.i
kavr amsal ol arak anlakél masé hem de& degkictnlgil magtr
oblemin n¢gmeri k -°z¢mlerini el deCoeltemedk® ni ¢~k ¢gnm¢lni
ul ameéxk, el de edil en i ki boyutlu ésé denkl emi
temini ul l anmékt gyineHapiCadb evd® n¢gKhamegnydkypl Pa:
boyut| €sé denkl emine dPn¢kt¢e¢rmgk ve daha s
temi ni Il lanarak -°zm¢gkl erdir.

)

o x o

g
n
[

n

u
a ise iki boyutl u Bdegetsneldemkl @miAd it

ction mplicit (ADI') y°nt emi kull anél mékter
| emi ni cz¢e¢megne daha basit probl emlerin bi
em Duf fy (DLQfCﬂ]w,nQZOQ@D,Z)CWLengDaVis (Davi s, 2

kKekil de nl at &l mext éer . ADI y°ntemini kul | a
¢ml erinin elde edi I dijJi geni kK bir i terate¢r
sek mertebeden nonlineer di f¢g¢zyon denkl eml et
agovas ve Stikoniene (Sapagovas ve Stikoniene
il en iKki boyutl nonl i APeryPoiesmoni deakl a mma Kk

(Qin, 2009, 2010) taraféndan dalga denkl eml e
|l anél mekteér . Douglas ve Rachford (Dougl as

Kkl emleii-nin y?nmelADI Y°ntemini kull anméexkl!|l ar deér

ALTERNATI NG DI RECTI ON I MPLI CI'T (ADI) Y¥NTEMK
ernating Direction Implicit (ADI) y°nteminde
éménén uzunluju yvyddeéjyrnuindsufWdapkapiklugan@sné ad a
és &mdg riud e us uyhdlaj rau léetku sstenda kapal @ ol acak kek

o= — ¢
~+ oo

o —-

- ®d®

n
u
1

QX O< VWK ' T<KTOW K —<Cc

53— 3 T-TTO XN ™= SO0 -

D C
o

L >
o —
| —+

o <
- 9
—

M

ner . BuUl zwmanklna Kaédmémjzaémajyaml i Zama n+%ahhyéahinz‘alrmem vV e

Q
o

é mémtbizaaaman adéména ilerlenir.

={(xy):atx 4 c ¥ dbolgesi ¢zerinde (1) denklemi il
denkl emini (2) baklangeé- Kar(ih;,jm,ak)ds,jg,snénéktaaéh
u(x yt)ni n y a Wl &k @ eripin. BuradaN,, N, veNsér ax §kbauml ak ena ve
zamanéna g°re bPA0LRL N, b adlks.N, o1 @pl,2, der . Ayreéec
hXVEhyséraX\&yylda]rultularéndakh’zabnﬁalng,natdg,énmézwmrl.uju Vo€

Bu denklem i-in Alternating Direction Implicit (
n+1 an& né— 6 é}+ né+ n}+
IJ - l"lj U o’ELr'+1; 'U-]j, J{ ¥ ﬁ‘r 1- 0:1_ iuﬁzﬁ- Zi'P, iuj-f- ijg, 1 %ﬂ,— ijﬂ, i (4)
kiz UE 2n 2h,  2Re & R I¢
¢ + ¢
n+1 1 é n& n~l+ 1 l+ 6 é71+ n—1+ n—1+ 1+ 1+ 1 ¢
|] - LI] +u”%$‘il+lj2 -y 142 ...H] r v, 1 0:1_ iu%f+ 2i'}'|,2 |uj'f- ijl_?_, 1 «Zjﬂ,_ ija, i (5)
ki M E on 2h, Z2Re ¥ K e
¢ = ¢
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() -rz)ui”f{% @ )yt (rfu?) rz)u”f () rure (@ 2l -(rw)+r iy ®

—

a 3 n% 0 f.)m s ad 6 MQ Al 8L 0 Nty - n—;(l7
;rlwi,j o1, l8J-1 ('& 2""2)% rl%é My, 8 r lﬁgaewoﬁ gl 2 }H- ,2' r % U 11('( )
¢ ¢ o ¢ ¢ o= ¢ ¢ T ¢ ¢

keklinde el de=Eder i=fX diBur ada
4h 2k
3. KARARLI LI K ANALKZK

Von Neumann kararl el ék -gdal yakl gkxkbpmeémr ékhahl &néhe

Von Neumann kararl él ek anali zi y°ntemi $/pdece |
yakl akéemlaréenén kar ar lilélkiépyato Burgeranderklendmbedke Jii -kikre n(i 1)
sabitmik gibUlvedlhobnkdhberekerimleri I|inerlextir
UUXveUUynonlineerterimlerinijuxveUuyKeklinde g°sterirsek (1) den

u+0(u ) e(u u)

denkl emine dP°ng¢gKeér. Bu |ineerlexktirilmik denkl en
1 1 1
(-rlu -fz)Ui.fj (t 2,2 (rg;l- rz)ui-+f (rllj = 2)Ji”j,+_1 (1 Z}gj”y-(rq r-){,-”j (8)
1 1 1
(-rIU -I’Z)UiT_ll 2" (rL} rz)ui-'},l:1 (rlIJ =r Z)Ji F(1ep > (rq r% 4 0
Keklinde el de edilir. Bu yakl akéml aramvoKoNeawymack
ol mas@=hy—41nl arak al a(l9é)m.yaYkeInajir|f<j€;(erﬂ16)ar énda
wo=u, ghetteE, i {1 (10)
Yazekéeger ekl dé¢zenl emel er yapélérsa g¢-1lendir me
et
g 2_1'31
1+
gn+1_1_a2
— =
gn+§ 1+al
Olarak elde edilir, burada
tle:4rzsin2ﬂ—h +(2p§sin&n)
2 (12)

a, =4, sinz% +( 2\Esin b)

dir. B°yl ece
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g _1l-al-3 (13) | 85
g 1+a1+a

Ol arak bulunur. Yakl akémén |gi¢11rodrmaésa§ad.hé2rg'm€s‘32£,i-in g

bl:ZrlL,Esinah,a2=4rzsin2%veb2:2rlﬂsinbhbi -iminde g°sterilirse

(14)

M:‘QNH :\/1""5‘12 -2, lf\/l ag" 28 @
9| \i+a’ 2a W\l & 23 4

Olarakeldeedilir.Buradaal,agzOoldujljghﬂld.ahduju a-ékteée«(7) Sonu- ol
yakl akéemlaré kartséz kararl éeder .

4. MODEL PROBLEM VE N} MERKK SONUC¢LAR
4.1.Model Problem

D={(xy):0¢x 20 ¥ 3b°lgesi c¢czerinde (1) denklemi ile
denklemi
1 .
u(x,y,o):m, (x,y) I D,
Bakl angée- kKarté ve
_ 1 a
U(O; y;t) - 1+e(Y't)/25' H 1
I
1 7
u(2yt)=———r, ;
(2+y 1)/2e
1+€1 L tso
- - )
u(x,0,t) e 0 i
I
1 -
U(X,Z,t) - 1+e(x+2 1)/2e ' I&
Senér «kartlaré ile birlikte g%z °n¢ne al éndé. Pr
1
U(X, Y, t) - 1+ e(x+y {)12e ’
keklindedir.
42N¢ meri k Sonu-1 ar
Mo d el problemin Alternating Riuld¢e¢aniedmr &kpleil diet
-%z¢é¢ml erinion tam -°z¢:ml er il e uy umu tabl ol ar v
-%z¢mlerin tam -°2z¢mlere ne kadar yakén ol dujunu

N N.V. 2
B T

i=0j ®
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Tablo 1 dee=0.05, 0.1, ; k=0.0001ve h,=h =n=0.02tdej er | ex2zamamenda

el de edi

l en n¢mer i

yakéﬂ;-zl\@ﬂ-néhat a

tabl odan

k

-%2zemder ve
nor ml ab éyiha k\(,ek:zilvlmﬁ,ishjaytlad areéenen
a-ék-a

ger ¢l mektedir.

Tablo 1. k =0.0001, hX:hy =h=0.025,t=2 ve f adé&]i]
|l e karkeél aktéreél maseé

-%z¢éimloer

erl eri

(X, y) e=1 e=0.1 e=0.05

ADI Tam ADI Tam ADI Tam

¢oz¢ ¢°zy¢ ¢°z¢

(0.5,0.5) 0.62247 0.62246 0.99336 0.99331 0.99996 0.99995
(0.5,1.0) 0.56219 0.56218 0.92434 0.9241 0.99363 0.99331
(0.5,1.5) 0.50001 0.50000 0.49957 0.50000 0.9751  0.50000
(2.0,0.5) 056219 0.56218 0.92434 0.92414 0.99363 0.99331
(2.0,1.0) 0.50001 0.50000 0.49948 0.50000 0.49733 0.50000
(2.0,1.5) 0.43784 0.43782 0.07578 0.07586 0.00671 0.00669
(2.5,0.5) 0.50001 0.50000 0.49957 0.50000 0.49751 0.50000
(1.5,1.0) 0.43784 0.43782 0.07578 0.07586 0.00671 0.00669
(2.5,1.5) 0.37755 0.37754 0.00671 0.00669 0.00005 0.00005
L,?3 10° 0.94716130 14.96482000 62.42341000
L, 3 10° 0.01249367 0.57325500 2.93705300

Tablo 2 dee=0.1, k =0.0001v e

ne merik

-%z¢é¢mlerl e

tam -°z¢;mler

LL hata nor ml b eyina k\(,ekgzilvlmb,mjawlad arenen

g°r ¢l mek

tedir.

n ne¢gmeri

ha&hkdhaej er IterOilzamanenda

k¢ - ¢l

el de

kar kél akztvérél de

me s i

magmer Pk¢;:mPer mkar
bey

k

€
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Tablo 2.k =0.0001, €=0.1,t=01lve flade&jl &r !l eri i -in n¢gmerik '|087Z"'
karkél akt ér él maseé
(X’ y) h =0.2 h =0.1 h =0.05 Tam ¢°z

(0.4,0.4) 0.0299999 0.0294987 0.0293697 0.0293122

(0.4,1.0) 0.0015624 0.0015171 0.0015057 0.0015012

(0.4,1.6) 0.0000780 0.0000757 0.0000751 0.0000748

(1.0,0.4) 0.0015624 0.0015171 0.0015057 0.0015012

(1.0,1.0) 0.0000782 0.0000757 0.0000751 0.0000748

(1.0,1.6) 0.0000039 0.0000038 0.0000037 0.0000037

(1.6,0.4) 0.0000780 0.0000757 0.0000751 0.0000748

(1.6,1.0) 0.0000039 0.0000038 0.0000037 0.0000037

(1.6,1.6) 0.0000002 0.0000002 0.0000002 0.0000002

L,?3 10° 1.87548600 1.50642400 0.86313060

L, 3 10° 0.88288070 0.71203980 0.12499280
kekil 1 ve=005ki=10.001veheh =h=01j -in ste0dsey+2
zamanl arénda problemin n¢gmeri k -°z¢gmleri il e ta
edi |l emeyecek kadar benzer olup n¢gmeri k -°z¢egmloer
go°r ¢l mektedir.

kekil

nemer.i

(a) Nimerik Coziim

1. Moaré05 kp0.e00lhechin hy, =h=01d e er | te0.0lzamaneénda

Kk -°292z¢mg¢

vV e

t am

-0 z¢mg .
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(a) Niimerik Coztim (b) Tam Coziim
kekil 2. Mo d=0.05, ko=r0.6001 ve hgi=tny =th=01dej er |l ER2izamananda
negmeri k -°9z¢m¢g ve tam -°z¢mg.
kekil 3 ve=K04Kki=10.0001veheh =n=01i -in ste0dbey+2
zamanl arénda probl emin neg mer i k -2 z:.mk=0.01 il e

Zzamanénda
grafijind

grafikler ayeértt=2dialmeameiynedcae kn ¢kreed a rk
e bozul malar ol duju g°r¢l mektedir.

(a) Niimerik Céziim (b) Tam CHziim

kekil 3.
neg meri k -

MoaF@.0l, kg 0.@001 veehpn hy, =h=0.1d e er I te00lzamanéenda

0 z¢meg ve tam -°z¢mg.

(a) Nimerik Coziim (b) Tam Coziim
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kekil 4. Moé@=00l k=r0.0001ve myi=my =h=0.1dej er | &R2izamanandag

negmeri k -°z¢gmg ve tam -°2z¢mg.

5. SONU¢ TVARTI k MA

Bu -al ékmada, i ki boyutlu Burgers denkleminin
Direction Implicit (ADI) y°ntemi kull anéel mékteéer .
bir model problem incelenmngmeri kSufalahewy©htem
karkél akt érél mék ve nc',merih(zveLgha,maenbnmtamé-Plzgrr
El de edil en neg mer i k -0 z¢ée¢mlerininfitkdmr i ©z ¢ésmlneurl m
Y°nt emin Kart s ézNekuammaanrnl & ( Fooludruijeur ) voknar ar | él éKk al
g°sterilmiktir. Elde edilen sonu-1lar Alternating
denklemi gibi iki boyutlu nonlineerd e n kI eml er i -%zmek i -1in bakar €

g°stermektedir.
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Koruyucu GiygimeerY?entRinrl legkt i
Ark. G°r. Dr. Esra Zeynep Yeél déz
‘Ege! ni versitesi Emel Akén Mesl ek Y¢gkse
¥zet
Koruyucu tekstiller kikinin zararl & maddel er e,
bu riskten korunmaséné sajlamak vel/ vweyalbeuirdi gki
giysiler, -ekKi tli ri sk ortamlarénda -al ékan itf
personel , ajér sanayi i K-ileri gi bi kikilerin d
czellikleri dkgshlraméindéhltay@a-ewve beklentilerine ¢
insan v¢égcudunu -evresel tehlikelerden korumak i -
-orap, ayakkabe, veéecout zér heé or ¢kl graiyg@m b ik e lgie
kull anél maktadeér . Bur ada sekl ekl a giysinin or
odakl anéel makt adér fakat koruyucu giysinin kal it
yonteminin ©°nemi g°z aer dyé° netdeimtimedmoejlriudi g e - iBlimd deikj
b¢tenl ¢ ¢ bozul makta ve performansé olumsuz et ki
ve °%2zelliklerine g°re dojru birlexktirme y°ntemin
koruyucugi ysil erin birlexktirilmesinde kullanélan bir
farkl e koruyucu giysilerde kullanélan birlextirn
Anahtar Kelimeler: Kor uyucu Giysi ,i BiDillkKkjrYap&Rneérema.
The Assembling Techniques Used in Protective Garments
Abstract

Protective textiles are technical textile products designed to avoid, protect against, and/or reduce the
risk of exposure to harmful substances and poor environmental conditions. These garments are
manufactured with the aim of protecting people such edhters, security personnel, drivers, medical
personnel, and heavy industry workers who work in various risk environments from external agents.
The properties of these structures vary according to the needs and expectations of the industry in which
theyare used. Protective textiles are widely used as advanced protective clothing such as coats, pants,
vests, helmets, masks, aprons, gloves, socks, shoes, and protective vests to protect the human body from
environmental hazards. The focus here is ofterherfibers from which the garment is made and the
properties it possesses, but the importance of the joining method should not be overlooked when it comes
to the quality and performance of protective clothing. If the joining method is not chosen cotinectly,
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integrity of the garment will deteriorate and its performance will be compromised. For this reason, it ii
extremely important to choose the right joining method depending on the application and characteristics
of the garment. In this study, the joiningethods used in the joining of protective clothing are examined

in detall. It also examines which joining methods are used in different end uses and the reasons for their
preference.

Keywords: Protective Garment, Assembling Technique, Seam, Bonding.

1. GKRK

Gi yi m; °rt¢ésnmek, vicudu déek etkilerden kor uma
mevsime, yaka ve modaya g°re dejikikIlik g°steren
biridir (Bahadér i nal 2010).ek®iiysillmers,i ybier doé n K
birlektirme y°nteminin se-imi, giysinin perfor ma

kumak birlektirdakseskisuacedia @i bi ekt mamek m¢mkendy
Konfeksiyon dekkd8trma ¢(¢d&jeeni zyar atan ve b¢egyeéek ©

Bu sekt°r kadeéen, er kek, -ocuk i- ve déexkx giyimde
g°stermektedir. Bu al anlarda far kIl & ay° rngtreeml ehrall e
don¢gktegreéegl mesinde -exkitlo birlexktirme y°ntemler:i

y°ntemlerinin yané séra alternatif Dbirlextirme Yy
Tiber, 2018).

Tekstil v hakterr ¢onidyei kul Il anél an birlexktirme
i ncel emek me¢ mkegnder . Bu y°ntemler i -erisinde el
kIIanéIarak di ki k ile birlexkxtirme y°ntemidir.

2. BKRLEKTKRME Y¥NTEMLERK

21. Konvansi yonretlemi kKlix Eirlektirme (Conventional

Knsanlar, dikik dikmeye 20.000 yéel °nce son bt
ai t, deriler ve postlareée birlexktirmede kull aneél
demiri jdne&likri Al manya, Manchingddeki Celtic Tepe:
ifneleridir. ¢inli arkeol oglaréen a-éklamaséna g¢g°
yéeksel eyle birlikte bir dilkiik] nseelteir i b uhlauynvnaunk tduerr. i
mal zemel erden ge-irmeye yarayan dikik y¢ksegkloer
(Bahadér | nal, 2010).

Giyim end¢strisinde ana ve yardémcé mal zemel
mal z e me p Idii jkii &i ri. Di ki K iplifgi tari hinin k uma kK
edil mektedir Tari hte dikiKk ipIi]i e Anti k Meésér
Hitit ve Hatt.i d°neminde dokumaeéeve buddamedit yesiir
ser¢gveninde en °nemli akama Orta ¢a ] ve R%nesan
makinel ekmi Kk ve bug¢nke¢e haline yake bir dur uma
ger-eklexktirdiji medesredcea aldynpeml ||Kbem| agamadeér .
191306te sentetik elyaftan ilik ¢retme patentini
gel mesinde -ok °nemlidir (G¢grsoy, 2010) .

G¢e¢negmegzde, kumakl!|l ar @én bi relnetketm,r i¢lrmenssginn dseo ne rk usl
bajl é& ol arak se-ilen ve -0k -exitli tipleri bul u
2015).

Di ki k, bir veya birden fazla iplik grubunun v
ya da akumaxdda kendi si veya dijer ipliklerle yapt:



(o= 13. UBAK, 11/ 12 Mart 2022, Online, An{ ooz,

yardemcé ara-|lar yardéméyla yapélan bir é
veya dol gunl akt ér ma ama200d)y | a yapelmaktad‘ (Ii u
| SO 491506e di ki k olukumunda iplik kenetl|l enmes
T I'ntralooping: Bir il mejin, ayneée iplik taraf

i
ge-mesi dir.

T Interl ooping: Birtarméegindanf at kké@éubulk muawl bk
ge-mesi dir.

T I'nterl acing: Bir FpliJin, bakka Dbir i pliJin
etraféndan ge-mesidir (McLoughlin and Mitche
kekiDli ki .k Ol uk ukmp lkiekklidrliemr iKeereet | enme Bi -i ml er i (

(c) Interlacing (Colovic, 2015).

/S22

Di ki k tipleri hakkénda ul usal ve ulusl araras
4915:1991) mevcuttur. Bu standartl arda, di ki k t
sayeéel ar Kekllnde i fade edi Isnegenkétfeédniér,. iBiirnicnic iv eb a;s
ise alt sénéflaré temsil etmektedir (Colovic, 20

1 Sénef 100 Tek KBplri kv edyiancdiarh aDifkaizklia i p/l
materyalin bir y¢zeyinde kKekil al maeadey |l a ol
(teyell eme) veya gizl:i di ki kte kullaneéel ér (C(

1 Senéf 200ek!l iPilkijkin, ijne batéklaréyl a
yézeéne ge- mesi il e bir form olukturulur.
yapélabil mektedir (Coats, 2004).

1 Sénef 300 KKilliitt dbDikkikk: i Jne iplifi vey
yézenden alt ye¢gzegne ge-ip, bu y¢gzde meki k i
Tip 30106dir. Kplik gerginlikleri dengdl ki ay:
ol ukur . Sajlam ve akénma direnci y¢ksek bir
gerektirmesidir (Coats, 2004)

i Séneéf 400 ¢ok KBl idki kdikncni rs eéiékfi k.00 di
l ¢per ipliji veyanalbiriplpilkjohaoaknaséld@&mder é
sajl amaktadeér Alt iplik bobinden gel diiji i -
di ki k tipinin dezavantajé ise dikikin haci ml

1 Senéf 500 kOBer tdoki i kir veya daha fazl
i plijinin en az bir iplikle kumak kenar énda
veya birka- kat kumakeén kenarl aréndan kesi
ger¢nmesinel Isiakll @ar%r Me kumaxkl arda, wuygun ipl
kenar kaplama °zellifji gesterir (Coats, 200/

1 Seneéf 600 FIBet |dikk i Ri ktiikpi: genel |l ikl e
uygul anmaktadeér ve genellikplarbd ri gl¢ipjeir me
Kaplama ipliji ¢st y¢zeyde yer alér. Kjine ip
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ipli kl eri ile kumakén alténda il mek ol ﬁé3ur

di ki mlerde, i ki pulrl-aanyél éri r(l @xatis,meXx0 0 4)i

Konvansi yonel di kik y°ntemin kullanémé esnasé
ol ukan ifJne delikleri bazen estetik a-édan b a z
i stenmemektedir ( Me kielge,d , g i2y02i0ni.n ¥gwmnedeni remezd ©
duruml ar da i jne nedeniyl e ol ukan del i kl er s u
ol abil mektedir. Bu sorunu °nlemek i-in ¢retimi ¢
birl egkmirknleet i kull anél mal edeéer .
22. Su Ge-irmez Bant il e Kapama (Seam Sealing)

Aktif spor giysileri, askeri giysiler, ki myas
koruyucu giysilerin son kull ahzel lailjainl arenar dad
bekl enmektedir. Bu giysilerin bir-ojunun g°ster.]
°czellijidir. Bu sayede Kkoruyucu giysiler; yajm
unsurl ar éna olarkk & rhmark t bmadréiry grKara ve Yekilpénar,

Nefes alabilen su ge-irmez kumaxkl ar, su buhar
kumaxkl! ar genelli kle spor gi yi m, ayakkabeée ve di
giysil ersiéem agreemtdiamigenel | i kl e konvansiyonel di ki K
kumakeéen dikik yerlerinde ijne delikIleri nedeni vyl
Bu dur um, SuUu ge-irmez kumakl di en sbomksityexrkell %z
nedenl e, bu tip giysilerde konvansiyonel di ki kK
il e kapat él masé gerekmektedir (Jeong and An, 200

Sézdérmaz bandén bir y¢zéende tadeopl Hgguk ygap

basén- alténda bant, di ki k hatté ¢zerine uygul a
bant ile dikik arasénda r¢zgar veya suyun i-eri
hal e getirebapge¢el yxkmaktadér (Jana, 2011).

Kull anélan bant, birlexktirilecek giysinin kul
ol abil mektedir. Bunun yané séra bantlar, tek kat
veya akrilvieknt e baaxzll&e,, <£ocléyl a aktiflexktirilmik v
yapektéeréeceéelarla yapeéexkterel eéer. Genellikle PVC v
ki myasal koruma, askeri ve té&hbdoéir g(iJdyasnia,e r2dOel li)s.e

Bu birlexktirme y°ntemi genel li kle déek mekan m
ve olta take é), spor kéeyafetleri, dal ge- keyaf
kull anél maktadeé (Jana, 2011).

Su gmee-zitbantla birlexktirilen giysiler, konfors

sézdérmazl ék bantl ar e, kumakén do°ke¢egml ¢l ¢k ve efji
(Mekeg¢l ve Karabay, 2020) .°rjer ebtui lderz agziayngdianilmriléu
bulundurul masé gerekmektedir.

kekiSlu 2e- i r mez Bratpst/techtéxél. mdsGapkiurneon) (
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23. Kaynak Y©°nt emi ile Birlektirme (Welding) | 94

Hazér giyim ¢retiminde giysi par -al arénén ipl
em ol an kaynak y°heemboplaent &ti k Mmakkemgli aei
) . Bu y°ntem ile termoplastik malzemel erin
ril mesi sajl anmaktader (Mekeg¢l ve Karabay,

N
® O ©°
~+ OD>
- 0 ~

Tekstil lifleri termoplastik ve not er mopl astée ke ol make cayr él makt a
dej énda, bir organi k maddenin bu enerjiden et/
myasal dér ve bu olaya Ayanmao

ce y umusgamaa y ¢ ksek sécakl ékl r da eri me daha
ncukl akmék sert ebimopkabkénkéel kal erdeNoBsBe seécakl
i me gi bi herhangi bir fizi ks ekl bdoezjuinkuirnh aorl.malzs. m
i myasal) lifler ve bazé rejenere |ifler termop

denir . Termopl a
a
|

~0D T °oOX QO
x~—~ 035 ——

Kaynak y°nt emi ile birlexktirmenin kullaneéel ab
i -erijine bajl ékéter Moml anstmi kKK650¢é1 i k, tekstil r
birlexktiril mesini sajl amaktadeér ( Mekegygl v e Kar
mal zemel er arasénda naylon, poliester, ¢proeltiapnr,opi
film gibi %100 sentetikler ve %350 sent eti k ol mayan el yaf i -erij
bul unmaktadeéer.

Kaynak y°ntemi il e kumak par-alare éseé
Kaynak il e birl elke ibeneldie kEisrene€dédc ®Kklkélstia iké
mal zemel erin y¢zeyleri, mekani k baskeé al t
sajlamlaktérél masé amacé ile birlekme mal ze
sojutulur ve sojutmadan sonra bu birlekme ka

Bu y°ntemde ésé ¢retmek i-in farkleée teknoloji
kull anéel an bakl é&ca é&sé& kayknaayknlagréee ; uslétcraaks omd ka bk
birlekxtirmedir (Jana, 2011).

Bu birlektirme y°ntemi il e kumaklarén ter mal
ylelikle kimyasallareéen, seveélar én, karmk a t ack:
nvansiyonel di ki k y°ntemlerine kéyasla °nemli
nt emde kK uma K mukavemetinde %6 006 a kadar d¢ K¢ K

konvansi yonel di ki ke g°r e %5 arabdya2020). az ol abi | mekt

Bo°
ko
yO

231.Secak Hava Kaynajeée ile Birlekxtirme (Hot Air W
Sécak hava kaynaj é, tekstil créenlerini t er ma
y°ntemde, é€sé vermek i-in bir sécak damadibjakl iejie
crén yeé¢zeyinde olukabilecek iz ve lekelerin °ng¢gn
232Seécak U- Kaynajé ile Birlektirme (Hot Wedge F
Sécak u- kayn il e birlexktirme y°nteminde,
dradheji&k teke [ er i araséndan ge-meden her

|l maktadéer (Jana, 2011).

ak hava kaynajé ve sécak u- kaynajé ile bi
306t e yer al maktadeéer .

e

y
S

D
D Q

ul
t é
Seé



-/

\/
(a7 13. UBAK, 11/ 12 Mart 2022, Online, An osx

kekiSleca.k Hava Kaynajé ve Sécak U- Kaynaj e ile9 B
, _ %95
(https://www.stanmech.com)
Sicak Hava Kaynag Sicak Ug Kaynag:
Basia Seak i

silindiri hava jucu ‘

233Ul trasoni k Birlektirme (Ultrasonic Wel ding)

Ultrasoni k teri mi sesten héezlé anl aména gel en
i faden eden bir terimdir. Ultrasoni k ses dal gal
frekans dejerine sahiptir. Ultrason; 20 kHz ile
sahiptir ve bu araléek ¢- ana gruba ayrél maktader

T De¢kek yréakbahs ul t rldd@kdln,i k g¢- (20

T Y¢ksek -ofrrteak anlst 400 kH2EMHE), g ¢ - (

T Y¢ksek -d¢grkeekka nusl t r-MBa).i k g¢ - (1

Ultrasonla birlextir me i KI emi |, birlexktirilen
dayanmaktadeér (Boz ve Erdojan, 2011 materydlerinr as oni
birlexktirilmesinde y¢ksek frekanst aki titrekim i
artéekéna neden ol ur ve ésé artékeéenéen etkisiyle
birlekmesi sajll,a02nakt adeéer ( Mekegy¢

Ultrasoni k enerji konfeksiyon sanayinde -0k
teknol ojinin k umak vV e I i f yapéktérmada (birl ex
Ultrasoni k di ki k; ot omoti v yveenirkot¢orséinklleertd es a nsapyoi
mal zemel erinde, i K giysileri ve koruyucu giysil:
teknik tekstillerde kullaném alané bul maktadeér (
genelliklesug - i rmezl i k °zell ik i stenen giysiler i-in t

Ultrasoni k birlektirme y°ntemi dokuma, °r me k
y°ntemdir . Dok uma, °rme ve dokusuz yg¢zismgekier i -
yojunl uj u, kumaké meydana getiren ipliklerin t
bajl édéer. Ayné zamanda termoplastiji olukturan m
unsurl ardér (Mekege¢l, 2020) .

Ultrasoni k @nedjeikttiasnerrufu sajlayan bir yo°nt e
y°ntemlerinde kullanélan iplik gibi materyall ere

olan bir y°ntem olarak g°r ¢l mektedir (kevkan Mac
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kekiUl t#4.asoni k Kaynak Y°nt emi il e Bil’|eKtlgém

234Radyo Frekanseé ile Birlektirme (Radio Frequen

Radyo frekanse il e birl exktirme y°ntemi, pol
mal zemel eri najéadammbilrékaymak teknolojisidir. ¥
kaynak ile birlexktirme esnasénda makinenin i-in
par-alaré sabit tutul maktader (Jana, 2011).

24. Yapéktérma Y°ntemi ile Birlektirme (Bonding)

Yapéktérma teknijinin uygulanmasé sérasénda m

farkl e olarak kimyasal veya sévé formda bir yapeée
teknijinde dikiK«k hatt é boyiucnic adiikjinke bhaansdaér €k uol Il
duyul mamaktader (Mekegygl and Karabay, 2010).

Yapékt érma y°ntemi, -tpearmmdkp |lvaesyta ky ¢yna pgidlai ol am
sentetik i-eren kumaklarda i ki kumakukbkimaméeg b
tabaka arasénda bulunan ve ésé ile aktif hale ge
(Jana, 2011) Sécakl éejen etkisi il e erimik, y an
kuvvetl erin et&lissdakalma&lnzdemeyleepré&nt ég°®zenekl eri a
birl ekmesi ger-eklexkir. Son akamada ésé veril mes
negfuz etmik yapékkan sojuyarak kat él akéerBuve bir
y°ntem -ojunlukla tébbi, koruyucu giysiler ve sp

Konfeksiyon sanayinde giysi par -al aréné yapeé
kull aneéel er . Bunl ardan en yayogléinviknulllka noérléarn | aproél i
poliester yapéxkxkanl ardér (Pakayev, 2008) .

Kaynak birlexktirme ile yapéktérma ile birlext
birlikte, yapéktérma ki myasal veya yan@ake bfiodmxnd:
yont emi i se ter mal yapéktérma esasén dayanmakt a
mal zemenin kendi si plastik hale ge-mektedir (Pack

Yapéktérma ile birlextirme yP°anltaenmianrién skéonnéfrelkésc
i -erijinde éséya hassas ki myasal l'i flerin oranéi
ol mamase, kumakeén ésénén etkisiyle y¢ksek - ekme
senteti k kaprmaw@an oil -marsiéj,i nkdue met al i k i pliklerin
yézeyinde yapékkanén malzemeye n¢gfuz et mesini
y°ntemden yararl anél amamaktadeéer (Pakayev, 2008).
3. SONUC¢

Knsanl arda giyinme ihtiyacé il k -ajlarda °rtg
kull anméexkl ardeéer . Postl arda a-élan deliklerin baj
di ki ki kull anél maya bakliammékt260rl 6() Y e lQranze miglkeyder e

makinel erine benzer bir dWaktar Huntfh#&1i 8n5e9s)i tialrkaf k& @
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cretil mi ktir. G¢nemegzde, di ki k makinelerinin, zal
: . { . , | 97
tipleriryahpélalgiel mi xtir.

Kumaxk!| arén birlextirilmesinde en sék kull anél .
se-ilen ve -0k -exitli tipleri bulunan di ki k yol
Di ki m; tekstil ry¢tzelydteirli nelne mdratkik aolban i pl i ki
estetik °zellikleriyle birlektirilmesi ixkxlemidi
di kme s°z konusudur. Kesintisiz birl edktrilrermd i v ee
y°ntemlerinin kullanél masé gereklidir (Boz ve Er
Koruyucu tekstiller, insan v¢gcudunu -evresel
kask, mas k e, °nl ¢k, el di ven, - 0r a pyucu gygilerlolarakb é , V¢
yaygén kKekilde kull anél maktadeéer . Burada seéekl ekl ¢
odakl anéel makt adér fakat koruyucu giysinin kal it
yonteminin °nemiel gtlzr arB8érlkdkl meme y°ntemi dojr
b¢tenl ¢ ¢ bozul makta ve performansé ol umsuz et ki
Koruyucu giysilerde, hacim ve ajeérl éjén azalt
sézdérmazl ék °aghlakkiveriyapedaereryyaetleknol oj il er]i

Bir giysinin veya bitmik bir ¢ré¢gnegn performar
dej il , ayne zamanda uzun ve kar makek sretim s,
e kilendi]i, uygun birlekme y°ntemi se-iminin,
giysinin kullaném alanéna wuygun birlextirme y°nt

KAYNAKLAR
BAHADI R | NAL, Z. (2010) . Konfeksiyevw | retimine G
BOzZ, S. ve ERDOJAN, M. ¢ . (2011) . AUl trasoni k Ei
Tekstil ve Konfeksiyon, 1: 996.
COATS T, RKKYE, (2004). Kplik ve Dikik Teknolojis

coLoviIC, G. (2015). nSewi 273, (EdPNAYAK R and PADHYE, Se a ms «
R., Garment Manufacturing Technology, The Textile Institute, Woodhead Publishing Series in Textiles,
Number 168.

G} RSOy, T. (2010) . Giyim K¢gltegreg ve Moda, Terkiy

JANA, P. (2011). nANa buaaidndl Ganmgentshec Dmelr vgewo, | ndi a
of Fibre & Textile Research, 36: 3887.

JEONG, W. Y. and AN, S. K. (2004) . iMechani cal Pr
Seaming and Sealing Processs20s 0, Fibers and Pol yn
KARA, k. ve YEKKLPINAR, S. (2014). f@dPolig¢retan
Ge-irmezlik ¥zelliklerinin Kncel20nlme)s,i oK a h2r.a ntal nuns
22-24 Ekim 2014.

KURUMER, G. (2007). Keoknnfoe kosjiiysan |Prreitnitneir vOef sTet M
MCLOUGHLI N, J. and MITCHELL, A. (2015) . AFabric

S e ams 0 ,-411p (Ed.)BINGLAIR, R., Textiles and Fashion Materials, Design and Technology,
WoodheadPublishing Series in Textiles.

MEKEG, L, C. (2020) . Su Ge-irmez Dék Giysilerin
Dokuz Eyl ¢ iniversitesi Fen Bilimler.i Enstite¢sye

MEK EG]| L, C. and KARABAY, G. w{n@ Thee@dy to Inipideadhge o f
Wat er proof Property of Seamso, Mat &04i al s Science



-/

\/
(a7 13. UBAK, 11/ 12 Mart 2022, Online, An osx

PAKAYEV, N. (2008). Genel Konfeksiyon Teknolcibgis

KEVKAN MACKT, A. ve TKBER, B. ( 2 OILi8K)i.k A} Dzoekrui mae
Araktérmao, Dokuz Eyl ¢l l'ni versitesi M¢ hendi sl i k
575.

YI LMAZ AKY|, REK, B. ve G| NEk, M. (2016). AUltraso
ve Kadén Dék Giyim alsasa,r ékm °armr ¢ njdnai Weurl d iatheed im San a
251-261.

https://techtextil.messefrankfurt.com/frankfurt/en/exhibgearch.detail. html/loxy
as/mf_bata 0064441777.html

https://www.stanmech.com/fabriesticles/wedgerersushot-air-welding-of-industriatfabrics

https://www.techspan.co.nz/ultrasowiotting-welding-of-textilesfilms/


https://techtextil.messefrankfurt.com/frankfurt/en/exhibitor-search.detail.html/loxy-as/mf_bata_0064441777.html
https://techtextil.messefrankfurt.com/frankfurt/en/exhibitor-search.detail.html/loxy-as/mf_bata_0064441777.html
https://www.stanmech.com/fabrics-articles/wedge-versus-hot-air-welding-of-industrial-fabrics
https://www.techspan.co.nz/ultrasonic-cutting-welding-of-textiles-films/

/

— -/
(a7 13. UBAK, 11/ 12 Mart 2022, Online, An osx

Presentation ID / Sunum No=7 | 99

Or al Presentation [/ S°zl ¢ Sunum
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COVID-19 Erken Texkhi si K-in ¢ok Séneéefl

Dr. ¥jretim J'yesi Fuat Tg¢rk

'Fen Bilimler:i Enstite¢se/ Mghendi sl i k Fake¢gltesi/ B
|

iniversitesi ,fuattuk@Kamateken.edu ¢ r ki y e

¥zet

Covib-19, ©°zellikle 2020 yéelénda d¢nya genelinde
vire¢gsen etkileri, olduk-a korkutucu ol makl a bera
farkdreyantl arénén ortaya -ékmasé ve hézla vyayel
COVID-19 ek tedbirler al @énmazsa zatg¢rreye kadar i
ol maktadéer. Bu sebeple hekimEeeél ankdenmbedevi ni?®
bir -oklu sénéflandérma yapabilen bir model. ° ne
bitirmik olacajém ve sizlerle paylakacaj] ém.

Anahtar Kelimeler: COVID-1 9 Mul t i Cl as s, Deep nLearni ng, Kma g e

Multi -Class Deep Learning Model for Early Detection of COVID19

Abstract

COVID -19 is an extremely dangerous virus that is spreading rapidly around the world, especially in
2020. While the effects of this virus are quite frightening, they can aldddedeath. The fact that the
virus is new, the emergence of different variants and its rapid spread have a negative impact on control.
If additional precautions are not taken, COVI® causes permanent damage to the lungs, which can
develop into pneumoai For this reason, | propose a model that can perform Deep Lebasad

multi-classification that helps physicians in early treatment. | will finalise and share the results of the
model in the full text of the paper.

Keywords: COVID-19 Multi Class, Deepearning, Image Classification
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1. GKRKK | 100

2019 yeéelénéen sonlaréna doj#A® win'cdeg nayWelnmyy &
salmeydana gel mi kKt ve halen artarak devam et mek
Virgeés, kroni k solunum yolu hastal éjéna ve °I| ¢mc
-ekitli semptomlar 202120 .e bD dgmeykatmet dviarr 6( Wd neg kvi &k i ¢

bul akanlTOWi D¢ sy¢, Ocak 2022 itibariyle 350 mily:
dojrudan 5 mi l yondan fazla kikinin °1¢;m¢gne ned
reaksiyonu (PCR)testi, COVID 9 i -i n st andart t aZ®ou,2020s39).iAncak ar ak
sonu-larén korkutucu ol duju ve hezl aveyedbylérl déej é
al mak ka-énél mazder. Bu noktada derin ©°Jrenme
sistemler i-in kullanélabil mektedir.

renme ile ilgili -alekxk
; jinin son derece [
abul germ¢gk niteld e
sé yapeéel dej] a méehtersEZ®dbr va ¥
°nermi kl erdir {(DBelveuwd. s
a uygulanméxkteéer . Hal ka a
lia-nidrée ronBa8 , 58 dojruluk el de etmiklerdir.

Lafraxo ve Ensari.i Covi Net adéneé verdi kl eri De
al ar-gadhac€O¥®1l ®j énén tehlikelerinden ve te
e a-ék¢beriveeiteset etti kl eri -al @k ma, i ki
andérma i-in %95, 77 dojruluk el de etmicktir

n <+ To <
® O ~— = 0

D
5

nw Te
o Do Q

Wang ve arkadakl ar é

g°j] ¢ Neséeneéefolnenmdm rkrhaegdai i .
gere¢ndderséenéfa agér @XRKR van

EOEI D-in yeni bir t

Yaptéekl arée -al éekmalar sonucunda %83,5 dojruluk e

TuanD.Pham G°r¢nt ¢l eme veril-BE9'imnnhé&all éd akéeménén
ol duju bildirilmixktir. Bil gi sayarl & tomogr afi (B
enf eksiyonun neden ol duju -exitl:i belirtiler g°

tanénmasé zordur ve hazhine tzmimatni ra.l aB% |heacdetqd a Imadr,eenC d
COVID-19 ol mayan denekl erden toplanan geni kl9bir BT

sénéflandérmaseé i-in °nceden ejitilmik 16 CNN ¢z
sakce 6 d°nem kull anar ak, CNN'l erin sénéflandeérn
g°stermektedir (Tuan, 2020:10) .

Bildirinin ikinci b°l¢im¢gnde materyal ve y°nter
tartékma ve somuktkesména yer veril

2. MATERYAL VE Y¥NTEM
Bu -alékmada kull-48¢él &lormalfi veetPned@®UYhbDa t ekt

kapsaml é bir araktérma sonucu incelendiiji me v C ut
resi ml e r https:/igithub.camrturkfu@t/covidisulticlasy . Ver i setinin i nce
kull anél an NasNet Mobile ve DensNet ajlarée akajeé

2.1. NasNé&-Mobile Mimarisi

Nasnet, pekiktirmeli ©°Jrenme kull anélarak opt
olukan °1| -eklenebilir bir CNN mimarisidir (sini]
sadece birka- ikl emdrenmn e( bhiarvkuaz-l aamar) & lod buikluirr veev raij


https://ieeexplore.ieee.org/author/37088453339
https://github.com/turkfuat/covid19-multiclass
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g°re bir-ok kez tekr aMWModinlee). , M@,b3|mivleysmymmr4|r%&ts
birikim (MAC) i-eren 12 -Mgbredemi mhukupylkekstEki §
vd., 2019.

k e k iNasNé&tMobile Mimarisi

BRNCE o
P o
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: ]
Input 2,
300%300: )
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38x38%128  19x19x256  10x10x512  $x5x256  3x3%256 1x1%256
2.2. DensNet Mimarisi
Transfer °jJrenmede kull anélan derin °jJrenme t
°rnek sayéséna paralel olarak kat mamysay&skEi dai a
farkl e boyutlarda °znitelik haritalaré kull anél
bl ok yapeéesé, her katmanén °nceki kat manl ardan e
kat mana aktar mady.é, s2ad 1 %)r. (MHeumsneggNet 6t e, ResNet afj ¢
°znitelikler ©°zetlenerek dejil her katmanda ©°ncc¢
(Ge¢rkahvaeamé@ar akék, 2021)mi maekilyad2&@sBemgdNe eri | mi Kt

k e k iDensNet Mimarisi

3. ARAKTI RMA BULGULARI

Veri seti dat alareée .png formaténdadér ve 3 ayreé

1 Normal: Herhangibihast al ék belirtisi ol mayan akcijer v
T COVID-19: Hekimler tarafefh@adatakhréeneédilmrkrCO

T Pneumoni a : Heki mler taraféndan texkhis edil mi
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kekil 36 de veri setbiira-glklsaenalyaerré mad Malkitmkdiérrl.‘iorzn
ke kiNorm&@,COVID19 ve Pneumonia Resim G°r ¢n¢mli
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COVID-19 COVID-19
% Normal % Normal{
Pneumonia Pneumonia ‘
(°> @:o\ (\z
(9\\\0 . q(&‘)@o
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Abstract

The cooling medium temperature plays a crucial part in the construction of power plants because
turbine efficiency in coafired or nucleapower plants placed at the seaside is directly dependent on sea
water temperature (SWT). As a result, the deviation of the instantaneous operating temperature of
seawater has an impact on the efficiency of electricity production. Accurate SWT estimatiticails
in this regard for electrical output from power plant applications. Long-sirontmemory (LSTM), an
artificial repetitive neural network (RNN) architecture, was used to makedamneahead SWT
estimations, in the present study. Analyzes wergethout using/ ear dai ly mean SWTS®E
20142018 years measured by Turkish State Meteorological Service at Antalya, Canakkale and Trabzon
provinces. Moreover, the data obtained from the model were validated using the measured data.
Evaluation critéia of the model were determined as Mean Absolute Error (MAE), Root Mean Square
Error (RMSE) and correlation coefficient (R). Based on the daily SWT estimation, the best results for
MAE, RMSE and R were obtained as 0.2023 oC, 0.2917 oC and 0.99785 fiyaAGt4305 oC, 0.2144
oC and 0.99927 for Canakkale; 0.1302 oC, 0.1971 oC and 0.99945 for Trabzon provinces, respectively.
It was observed that the most sensitive results were obtained in Trabzon province. The results showed
that using the proposed modalkcsignificantly improve the accuracy of SWT estimation.

Keywords: Power Plant, Sea Water Temperature, LSTM
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Uzun-Késa éBeglt Bk Aj | ar é &K 8SdidleraadedDeraek ST y uk Sécaklll&j

Tahmae-

¥zet

Deni z kyeerdre&knta rilen k°m¢grl e -alékan veya n¢k
dojrudan deniz suyu sécakl é&jéna (SWT) bajl é ol du
yapéeéméenda -ok ©°neml.i bir r ol oyérmdakiDesma gmas,u yail
cretiminin verimini etkiledijinden elektrik san:
dojru SWT tahmini -ok ©°nemlidir. Bu -al eékmada,
tekrarl ayan sini tnuwgniéé aRNNgr ediimabelsli ek (LSTM) k
Devl et Met eor ol oj i Kkl er i Genel M¢ederl ¢7 ¢- tar af é
2018 yéellarée arasénda °1l-¢len 5 yeéelleéek. gand gdka or
model den el de edilen veriler, °l -¢len veriler
kriterleri Ortalama Mutlak Hata (MAE), Ortal ama
belirlenmiktir. Sonul-magén&me3SWT etna mmidreil ri inn kdud jl ra
artéerabilecejini gestermi ktir.
Anahtar Kelimeler: G ¢, - Santrali, Deniz Suyu Sécakl éej e, LST

1. INTRODUCTION

At the design stage of any power plant, a cooling medium temperature is selected as design
parameter for each plant site, taking into account the-termg average climatic conditions. Seawater
temperature (SWT) is also one of the most important desigameaer for system efficiency in any
coastal power plant. The main use of water in a power plant is to condense vapor and remove waste
heat. In addition, as appropriate environmental control is important for a stable supply in marine
aguaculture, the impaoft SWT on this environment is significant and therefore accurate estimation is
required (Okuna and Otsuka et al. (2020). Okuna and Otsuka (2020) proposed and described the
implementation of a seawater prediction method based on data from real aquacadsrand neural
networks. They stated that hourly nebey prediction had an average error of about 0.2 t6@and
daily prediction had an average error of about 0.2 t6©.50tsuka et al. (2017) recommended an
algorithm to estimate SWT in marine agulture by combining SWT data and actual weather data. Kim
and Jeong (2013), Durmayaz and Sogut (2006) and Attia (2015) analyzed the influence of the cooling
water temperature on the thermal efficiency of a nugdearer plant. They stated that SWT hasiract
effect on the power plant efficiency. Attia (2015) showed that electricity generation and thermal
efficiency of the nuclear power plant decreased by 0.444% and 0.152%, respectively with only one
degree Cel sius i ncr eas an(d01) investigated the trends ie 8ga Surfaceé ur e .
Temperature (SST) and the mathematical structures that support them. The trends at various stations
were compared to his proposed modfghen the model results were examined, it was stated that the
warmingh sea water temperatures increased in al/l S
monthly average temperature, monthly average humidity, monthly average pressure, and monthly
average sunshine duration to forecast sea water temperature in [zm20@8no 2009The predicted
values were compared to the meteorological dat a
variations in time and trends of sea surface temperature located in the North of The Aegean Sea in
Turkey. Monthly mean, monthlyninimum and monthly maximum temperatures and sea surface
temperatures were analyzed monthly, seasonally and annually from the data obtained from the Turkish
State Meteorological Service for the period between 2005 and 2016. Hussain et al. (2013) presented
models for shortand longterm forecasts of Arabian seawater temperature fluctuations in coastal water
in the Karachi region during two summer seasons. In comparison tédongorecasts, their shert
term forecasts produced more accurate results wadtver level of uncertainty. Balsamo et al. (2012)
studied the Frestvater Lake (FLake) model for potential application in the European Centre for
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Medium-Range Weather Forecasts' Integrated Forecasting System. On time scales ranging from a f vy

. . . . o 17107
hours to adw years, their model predicted the vertical temperature structure and mixing conditions i
lakes of varied depths (up to around 60 m). The performance of their model then evaluated on several
lakes.

In the present study, LSTM neural network was used toqme oneday ahead shoterm SWT
forecasting. Accordingly, the scopes of the current study are:

a) To develop an LSTM model for SWT forecasting with high accuracy,

b) To introduce a deep learning time series prediction related to daily SWT data tmatees
and use the implicit information.

2. MATERIAL AND METHOD
2.1. Data Sources

As can be seen from Figure 1, measuring stations are located in southern (Antalya), western
(Canakkale) and northern (Trabzon) of Turkey. By usiygbar dai | y meedby TBIKET 6 s me e
State Meteorological Service between 2@D48 years at Antalya, Canakkale and Trabzon provinces
(Fig. 2), analyzes were carried out. The geographic coordinates of the measuring stations and statistical
summary of the dataset are shown ib[€al. All of the daily measurements were executed at 2 meters
below the sea surface using a PT100 type marine thermometer. It can be seen from the table that the
smallest SWT fluctuation and largest average SWT value are in Antalya station. In additematlest
standard deviation value is obtained in Antalya with°@.7

Figure 2 also shows the observed sea water temperature (SWT)wilhuieaining (4 years) and
testing (1 year) data to be used in the LSTM method. 1460 daily sampléirdathyears and %80 of
whole data) from 01 January 2014 to 31 December 2017 were used to train the method and 365 daily
sample data (last year and %20 of the whole data) from 01 January to 31 December 2018 were used to
test it.
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Table 1 Geographic caalinates of the stations and statistical summary of the dataset

. . Standard
Station Location Mavimum - Minimum Average Deviation
SWT (°C) SWT (°C) SWT (°C) (°C)
36A52"' 4
ANTALYA and ) 30.8 15.4 22.3 4.7
3 1
CANAKKALE and ) 26.8 7.0 17.1 5.6
26 A '
41A '
TRABZON and ) 28.2 6.8 16.7 6.3
39A43'0
Trabzon
Canakkale

TURKEY

. Antalya

Figure 1 Location of the measurement stations

ANTALYA - CANAKKALE - TRABZON

%kl

YAY

Training Data (4 years) Testing Data (1 year)

1
1461 1825

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
Days

Figure 2. Time series of the sea water temperature (SWT) in the provinces

2.2. Long Short Term Memory (LSTM) Neural Network

The LSTM method was introduced by (Park et al., 2019). LSTM is a form of artificial recurrent
neural network (RNN) that solves problems in RNN by adding cell states or memory cells with fixed
errors so that errors can be reproduced without losing gradidnwese different gates are present in an
LSTM. An input port learns to protect the fixed error stream in the memory cell from irrelevant inputs,

| 108
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and an output port learns to protect other units from irrelevant memory content stored in the memoryy.

. L ; 09
cell. Firally, the forget gate teaches how long the value is in the memory cell (Hochreiter an
Schmidhuber, 1997; Salman et al., 2018).

Figure 3 shows the LSTM layer architecture, indicating the flow of an X time series-leitigth
C properties (channels) across an LSTM layer. In this ngitectureh; is the output (also known as
the hiddenstatg, andc: is thecell stateattime stept. In order to calculate the first output and the updated
cell state, the first LSTM patrt is utilized for the first state of the network and the early time step of the
series. At time step this block uses the current state of the netwark h.1) and the next time step of
the array to calculate the output and the updated cellcstate

hH h{ 2 h S
Number of ho has has
Hidden Units . : .
hpi ho hos
/LSTM Layer \
Initial — LSTM L » Final
State — Block > State
l | |
Xy X9 X5
Number of X X0 X,
Features .

Number of
Time Steps

Figure 3.LSTM layer architecture

The state of the layer includes thidden statéknown as theutput statgand thecell state The
hidden state dime stept contains the output of the LSTM layer for this time step. The cell state includes
information from previous time steps. At each time step, the layer performs the task of adding or
removing information from the cell state. These updates areotledtusing gates. Some components
in the LSTM layer architecture are used to control the cell state and the hidden state of the layer. For
example, input gate)(and output gateof control the level of cell state update and the level of cell state
adde to the hidden state, respectively. Forget gatehecks the level of cell state reset (forget). On the
other hand, cell candidatg)(adds the information to the cell state.

Figure 4 presents the flow of data at a time dtephis diagram indicatesolwv the gates forget,
update, and output the cell and hidden states.

Forget Update Output

Cy. Cq

ofolo=

Figure 4. The flow of data at a time steip,

The input weight®V, the recurrent weighR, and the biab are calledthe learnable weights of
an LSTM layer. Th&V, R, andb matricesare combinations of the input weights, recurrent weights, and
bias of each component, respectively. Detailed information about the method can be viewed from
(Zahroh et al., 2019; Liu and Lig019)

~

h(-l

X
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2.3. Error Analysis for the Proposed Methods | 110

Three different statistical error criteria comprising mean absolute error (MAE), root mean square
error (RMSE), and correlation coefficient (R) are used in this study for the assessment of the goodness
of a method. These error criteria are used to checcburacy of the estimations based on the observed
variables. The mathematical expressions of these error criteria are provided in Egs. (1), (2), and (3),
respectively.

Mean absolute error (MAE):

DOO0O-B 90 ¢ (1)

Rootmean square error (RMSE):

YOYO -B nQ £€1Q (2

Correlation coefficient (R):

Y B nNQ nreéQ ¢fxr B nQ nf B €Q € (3)

wherep(i) ando(i) are the predicted value and observed value at thd tirespectively. Alsojfandel
present average values of the estimated data and the actual data, respectively. The total number of data
is represented biyl.

2.4. Simulation Results

Table 2 points out the determination of optimal parameters for the poadid SWT using the
LSTM method for the stations. MAE, RMSE, ane/Blues were calculated to show the performance of
the method. The influence of the hidden layer number and epoch number can be seen in this table. 5
hidden layers and 300 epoch numbengeghe best result for Canakkale and Trabzon. The best results
for Antalya were obtained when using 100 hidden layers and 500 epoch numbers. The lowest MAE
value is equal to 0.202€ and RMSE is 0.2917C with an Rvalue of 0.99785 for Antalya. MAE,
RMSE,and Rvalues for Canakkale were obtained as 0.1%80%.2144°C and 0.99927, respectively.
It can be obtained as 0.1382, 0.1971°C and 0.99945, respectively for Trabzon.

3. RESULT AND DISCUSSION

Figure 5(a) shows observed (red) and estimated (green) testing SWT values for Antalya station
between0l1l January 2018 and 31 December 20R@ure 5(b) illustrates difference between the
observed and the estimated data. A maximum differencé®invas dtained between the observed and
estimated SWT values. Regression plot of the observed and the estimated data is represents-in Figure 5
(c). As seen from this figure, the estimated data are in good agreement with the observed data. Figure
5-(d) zooms in® show where the greatest error was obtained.
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Table 2Daily SWT performance forecast for the LSTM model

Provin - Hidden Layer ~ Epoch MAE RMSE R

ce Number Number (°C) (°C)

5 300 0.2075 0.2920 0.99781

10 300 0.2120 0.3016 0.99767

< 25 300 0.2288 0.3171 0.99742

E 50 300 0.2608 0.3541 0.99678

LZ; 100 300 0.2203 0.31.22 0.99752

50 500 0.2110 0.2994 0.99769

100 500 0.2023 0.2917 0.99785

5 300 0.1305 0.2144 0.99927

10 300 0.1345 0.2190 0.99924

;:lJ 25 300 0.1390 0.2283 0.99918

§ 50 300 0.1653 0.2660 0.99888

:ZEE 100 300 0.1598 0.2589 0.99895

O 50 500 0.1370 0.2247 0.99920

100 500 0.1337 0.2191 0.99924

5 300 0.1302 0.1971 0.99945

10 300 0.1457 0.2110 0.99939

% 25 300 0.1474 0.2103 0.99937

E 50 300 0.1798 0.2519 0.99909

'EEE 100 300 0.1622 0.2331 0.99922

50 500 0.1489 0.2128 0.99936

100 500 0.1487 0.2091 0.99937

| 111
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Figure 5. (a) Observed (red) and estimated (green) testing SWT values for Antalya station, (b)
Difference between the observed and the estimated data, (¢) Regression plot of the observed and the
estimated data, (d) Zooming in to where the greatest error is.

Obsenred (red) and estimated (green) testing SWT values for Canakkale station can be seen from
Figure 6(a) betweerd1 January 2018 and 31 December 2FHgure 6(b) shows error value between
the observed and the estimated data. There is maximuRClebror vdue between observed and
estimated SWT values. Figure(® represents regression plot of the observed and the estimated data.
The estimated and observed data are in good agreement. Figlreodms in to show where the
greatest error was obtained.
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Figure 6. (a) Observed (red) and estimated (green) testing SWT values for Canakkale station, (b)
Difference between the observed and the estimated data, (¢) Regression plot of the observed and the
estimated data, (d) Zooming in to where the greatestistror

Figure #(a) demonstrate observed (red) and estimated (green) testing SWT values for Trabzon
station betweef1 January 2018 and 31 December 2@48seen in Figure-{b), there is a temperature
difference up to a maximum of 1°C between the obsemeand predicted data. Figure(@ shows
regression plot of the observed and the estimated data. The estimated and observed data are in good
agreement. Figure(d) zooms in to show where the greatest error was obtained.



