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Algler denizel ortamdaki en biiyiik biyokiitleye sahip olan iireticilerden biri olarak ekosistemimizin 6nemli bir
parcasidir ve artan kirlilik sorununu izlemeye yardimci olabilirler. Caligmamizda, Antalya (Tiirkiye) kiy:
alanlarindan 2019 y1li yaz sezonunda toplanan Jania rubens, Pterocladia capillacea, Ulva intestinalis, Halopteris
scoparia, Ellisolandia elongata ve Halopithys incurva makroalg érneklerinde makro (Ca, Mg, K, Na, P) ve iz
element (Fe, Cd, Zn, Co, Mo, Ni, Cr) konsantrasyonlarinin belirlenmesi amaglanmistir. Element konsantrasyonlart
ICP-OES cihaziyla analiz edilmistir. Elementler arasindaki pozitif ve negatif iliskiler Pearson Korelasyon Indeks
ile analiz edilmistir. Tiim 6rneklerde makro element diizeyleri iz element diizeylerinden daha yiiksek bulunmustur.
Makroalg 6rneklerinde Ca, en yiiksek konsantrasyonda bulunan makro element olarak belirlenirken, Fe ise iz
element konsantrasyonu en yiiksek olan metal olarak tespit edilmistir. U. intestinalis tiiriinde Mo, Cd ve Co, H.
scoparia tiirtinde Mo, H. incurva ve P. capillacea tiirinde Cd, E. elongata tiirinde Mo elementi tespit edilebilir
limit degerlerinin altinda kalmistir. Caligmamizda elde edilen veriler literatiirdeki diger caligmalar ile
karsilastirildiginda sonuglarin paralellik gosterdigi gdzlenmistir. Sucul ortamlara eksojen bilesiklerin girisi,
ekosistemlerin saghg i¢in gergek bir risk olusturmaktadir. Bu nedenle, geri doniisii olmayan birtakim zararlara
neden olmadan 6nce bu bilesiklerin dogal ortamdaki varliklarimni tespit etmek ve olumsuz cevresel etkilerini
yenmek i¢in etkin bir teknoloji gelistirmek son derece 6nem arz etmektedir.

Determination of Macro and Trace Element Levels of Macroalgae Species the

Mediterranean Region (Antalya/Tiirkiye)
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ABSTRACT

Algae is an important part of our ecosystem as one of the producers with the largest biomass in the
marine environment and they can help monitoring the growing pollution problem. In our study, macro
(Ca, Mg, K, Na, P) and trace elements (Fe, Cd, Zn, Co, Mo, Ni, Cr) concentrations were determined. In
Jania rubens, Pterocladia capillacea, Ulva intestinalis, Halopteris scoparia, Ellisolandia elongata and
Halopithys incurva macroalgae samples collected from Antalya (Tirkiye) coastal areas in the summer
season of 2019. Element concentrations were analyzed with the ICP-OES device. Positive and negative
relationships between elements were analyzed with Pearson Correlation Index. Macro element levels
were found to be higher than trace element levels in all samples. While Ca was determined as the macro
element with the highest concentration in macroalgae samples, Fe was determined as the metal with the
highest trace element concentration. Mo, Cd and Co elements in U. intestinalis species, Mo element in
H. scoparia, Cd element in H. incurva and P. capillacea, Mo element in E. elongata remained below
the detection limit values. When the data obtained was compared with other studies in the literature, it
was observed that the results were parallel. The introduction of exogenous compounds into aquatic
environments poses a real risk to the health of ecosystems. Therefore, it is extremely important to detect
the presence of these compounds in the natural environment before they cause irreversible damage and
to develop an effective technology to overcome their negative environmental effects.
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Fen ve Miihendislik Bilimleri Dergisi

GIiRiS (INTRODUCTION)

Agir metaller ¢evreye; rafineri, madencilik, sanayi, dogal kaynaklar ve tarimsal kaynakli
yollarla yayilmaktadir[1]. Yerkabugunda genelde eser miktarda bulunan agir metaller, genis bir
cevresel matris araliginda eser konsantrasyonlari nedeniyle iz elementler olarak siniflandirilirlar.
Kiy1 ortamindaki agir metal kirliligi, deniz sagligina olumsuz etkileri nedeniyle biiyiik bir endise
kaynagidir [2].

Sucul alanlarda yasayan birincil iireticiler olan deniz algleri, ilag, kozmetik, gida, yakit ve
tekstil endiistrilerinde 6nemli rol oynayan okaryotik ve 6trofik organizmalar olmalar1 nedeniyle
uzun yillardir bir¢ok arastirmaya konu olmaktadir [3,4]. Deniz algleri, deniz ortaminda en biiyiik
biyokiitleye sahip olan iireticilerden ve yaklasik 2 milyon tonunun denizlerden ve okyanuslardan
toplandig81 ve yapay sistemde kiiltiirlendigi tropikal ekosistemde en yiiksek diizeyde bulunan dogal
kaynaklardan biridir [5].

Diinya niifusunun artis1, iklim degisikligi, insanlarin dogaya verdigi zararin artmasiyla
birlikte giinden giine su kaynaklarinin istiindeki baskida artmaktadir [3,4]. Siirdiiriilemez sanayi
ve artan zenginlik talebi dogal ekosistemleri daha ¢ok tahrip etmektedir [8—10]

Bu nedenle, kiil ve istenmeyen kimyasal elementlerin konsantrasyonunu azaltmak icin
deniz yosununa belirli bir 6n islemin uygulanmasi gerekip gerekmediginin belirlenmesine olanak
taniyan bu cesitli kimyasal elementlerin (makro ve iz elementler) tanimlanmasi ve miktarinin
belirlenmesi son derece 6nemlidir [11,12].

Deniz ortaminin izlenmesi, ¢evre koruma politikasinin gelistirilmesinde ve devam eden
eylemlerin etkinliginin degerlendirilmesinde biiylik 6nem tagimaktadir. Deniz yosunlarinin, iz
elementlerin  biyobirikimine yonelik yiiksek potansiyelleri ve kimyasal bilesimlerinin
sekillenmesinde stresorlerin gozle goriiliir etkisi nedeniyle oldukea iyi bir gosterge organizma
oldugu diisiiniilmektedir. Alglerin kimyasal bilesiminin degerlendirilmesi de 6nemlidir ¢linkii ¢ok
sayida deniz yosunu tiirli gida olarak kullanilmaktadir [13].

Diinyada hem denizlerde hem de tath sularda agir metal diizeylerini belirleyebilmek icin
indikator organizmalar olarak genellikle makroalg tiirleri tercih edilmektedir. Makroalgler,
morfolojik yiizeylerindeki yiiksek negatiflik sebebiyle bir¢ok agir metal iyonunu c¢ekebilir ve
depolayabilirler. Bu da makroalglerdeki agir metal kontaminasyon seviyelerinin biyo-izlenmesi,
cevreyi degerlendirmek ve kontrol etmek i¢in 6nemlidir [14,15]. Makroalglerdeki metal igerikleri,
tirler ve yerler arasinda degisiklik gosterir. Makroalgler tiirleri, hareket kabiliyetine sahip
olmadiklar1 ve kirletici maddelerden kagamadiklar1 igin yararli biyo-gostergeler olarak islev
goriirler ve ayrica bunlarin bollugu ve dagilimi deniz kiyis1 ortaminin sagligini yansitabilir. Ayrica,
makroalglerin nispeten kolay elde edilisi, onlart kirlilik calismalarinda uygun tiirler haline
getirmektedir [16].

Tiirkiye'nin Akdeniz kiyilari, 6zellikle tarim kaynakli 6trofikasyon ve kirlilik sorunlarinin
etkisi altindadir [17,18]. Bu ¢alismada amacimiz Antalya sahilinden toplanan makroalg 6rnekleri
olan J. rubens (Linnaeus) J.V.Lamouroux 1816, P. capillacea (S.G.Gmelin) Bornet 1876, U.
intestinalis Linnaeus 1753, H. scoparia (Linnaeus) Sauvageau 1904, E. elongata (J.Ellis &
Solander) K.R.Hind & G.W.Saunders 2013 ve H. incurva (Hudson) Batters 1902 tiirlerinin makro
element (Ca, Mg, K, Na, P) ve iz element (Fe, Cd, Zn, Co, Mo, Ni ve Cr ) konsantrasyonlarini ve
birikim diizeylerini arastirmaktir. Tespit edilen makro ve iz element diizeyleri yapilan diger
caligmalarin sonuglar ile karsilagtirilarak degerlendirilmistir.
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MATERYAL VE METOD (MATERIALS AND METHODS)
Calisma Alani (Study Area)

Calisma alanimizi olusturan Antalya ili Tiirkiye'nin giineybatisinda yer almakta olup turizm
faaliyetleri acisindan gelismis bir ilimizdir. Orneklerin alindig1 istasyonumuz Antalya il sinirlari
icerisinde olup Istasyonlara ait bilgiler Tablo 1’de verilmistir. Ornekleme yapilan istasyonlar ve
bolgenin uydu goriintiisii Sekil 1°de gosterilmistir.

Tablo 1. Tiirlerin Alindig1 Istasyonlar ve Koordinatlar:

Tiir Istasyon Koordinat

J. rubens Antalya/ Alacasu 36°32'7.28"K  30°33'28.94"D
P. capillacea  Antalya/ Gok Liman 36°16'41.17"K 30° 8'28.51"D
U. intestinalis  Antalya/ Demre Cay Agz1  36°13'42.30"K 29°56'23.31"D
H.scoparia  Antalya/ Phaselis 36°31'33.93"K 30°33'8.64"D

E. elongata Antalya/ Yat Limani 36°53'3.95"K  30°42'5.25"D

H. incurva Antalya/ Bogazak- Serik ~ 36°49'59.84"K 31° 7'28.67"D

Sekil 1. Ornekleme istasyonunun ve bélgenin uydu gériintiisii.

Makroalglerin Toplanmast ve Tanimlanmas: (Sampling and ldentification of Macroalgae)

Calismamizdaki 6 makroalg tiirii 2019 yilinda Antalya kiy1 bolgesinde alglerin yogun oldugu
donemlerde, daha dnce belirlenen istasyonlardan toplanmistir. Toplanan 6rnekler steril cam siselere
konularak soguk zincirde laboratuvara getirilmistir. Alglerin morfolojik tanimlamasi 151k mikroskobu
ile yapilmistir. J. rubens (Linnaeus) J.V.Lamouroux 1816, P. capillacea (S.G.Gmelin) Bornet 1876, U.
intestinalis Linnaeus 1753, H. scoparia (Linnaeus) Sauvageau 1904, E. elongata (J.Ellis & Solander)
K.R.Hind & G.W.Saunders 2013 ve H. incurva (Hudson) Batters 1902 tiirlerinin tanimlanmasinda
Algabase sitesinden yararlanilmigtir [19]. Distile su kullanilarak nekrotik materyalleri uzaklastirtlmstir.
Temizlenen Ornekler gélgede kurutulmaya birakilmistir. Kurutulan algler toz haline getirilmis ve
analizlere kadar +4 °C de muhafaza edilmistir.

Analizi yapilan tiirlerden 1’1 Chlorophyta tiyesi (yesil alg) (U. intestinalis), 4’ti Rhodophyta
tiyesi (kirmizi alg) (J. rubens, P. capillacea, E. elongata, H. incurva) ve 1’i Ocrophyta (kahverengi
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alg) (H. scoparia) tiyesidir (Sekil 2).
Mabkro ve Iz Element Analizi (Macro and Trace Element Analysis)

Alg ornekleri oncelikle etiivde 105°C de 24 saat kurutulmustur. Kurutulan 6rneklerden 0.2 g
almmis ve 6 mL nitrik asit (%65 HNO3; mL™?) ve 2 mL saf su ilave edildikten sonra bir miiddet asidin
cikmasi beklendikten sonra Ornekler mikrodalgaya (Cem Mars 6) koyularak ¢oziindiirme islemi
yaptlmistir. Mikrodalgadan ¢ikartilan ornekler sogutularak 100 mm mavi band filtre kagidindan
stiziilmiis, daha sonra falcon tiiplerine aktarilarak deiyonize su ile hacmi 20 mL’ye tamamlanmustir.
Analize hazir hale gelen drnekler indiiktif Eslesmis Plazma-Optic Absorbsiyon Spektrofotometresinde
(ICP-OES) (Varian Vasta) 6l¢iilmiistiir. Cihazda 6lgiilen elementlerin dalga boylari sirasiyla Ca 317,933
nm, K 766,491 nm, Mg 279,553 nm, Na 589,592 nm, P 213,618 nm, Co 238,892, Mo 202,032 nm, Cd
214,439 nm, Cr 267,716 nm, Fe 238,204 nm, Ni 231,604 nm ve Zn 213,857’dir.

Sekil 2. Makroalglerin su alti gériintiisii
(a) E. elongata, (b) J. rubens, (c) U. intestinalis, (d) H. scoparia, (€) H. incurva (f) P. capillacea.

Istatiksel Analiz (Statistical Analysis)

Alg ornekleri igerisindeki her bir metal parametresi arasindaki iligkiyi degerlendirmek igin
Pearson Korelasyon Indeks SPSS 22 paket programi kullanilarak uygulanmustir.
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BULGULAR (RESULTS)

Antalya kiyilarindan toplanan makroalglerin makro ve iz element konsantrasyonlarina ait
ortalama degerleri Tablo 2’de verilmistir. ICP-OES analizi sonucunda makroalg 6rneklerinde belirlenen
parametrelerin iliskilerini ve korelasyonlarin1 gdstermek i¢in uygulanan Pearson Korelasyon Indeksi
analizi sonuglar1 Tablo 3'de verilmistir.

Tablo 2. Makroalg Tiirlerinden Elde Edilen Makro ve Iz Element Konsantrasyonlart (mg/kg, Kuru Agirlik)

J. P. u. H. E. H.
rubens capillacea intestinalis scoparia elongata incurva
Ca 258805 263705 45558 113399 113147 176864
MAKRO K 3988 4866 2001 18944 37218 11339
ELEMENT Mg 25202 21225 13512 17902 2513 15286
Na 5855 3309 1408 37083 3615 3573
P 229.7 387.38 436.523 386.035 1440.8 338.056
Cd <0.01 <0.01 0.8009 0.8025 <0.01 0.6747
Co  0.9225 <0.01 <0.01 0.804 1.3554 1.3495
Cr  5.5350 1.386 1.6019 6.8539 2.71094 5.8448
iZ ELEMENT Fe  794.28 223.839 342.811 5101.9 770.5862 6256.4
Mo  0.9225 <0.01 <0.01 <0.01 0.6777 0.6747
Ni 13.837 1.386 2.4028 19.19261 13.554 18.8933
Zn 83.025 31.878 97.71726 17.6565 48.797 37.7867

U. intestinalis, H. scoparia ve E. elongata alg tiirlerinde Mo dl¢iilebilir limit degerlerinin altinda
kalmistir. U. intestinalis, P. capillacea ve H. incurva, E. elongata alg tiirlerinde Cd olgiilebilir limit
degerlerinin altinda kalirken. U. intestinalis ve H. scoparia alg tiirlerinde Co O6lgiilebilir limit
degerlerinin altinda kalmastr.

Tablo 3. Makroalg Tiirlerinin Parametreler Arasindaki Iliskileri Gésteren Pearson Corelasyon Index Tablosu

Ca Cd Co Cr Fe K Mg Mo Na Ni P Zn
Ca 1
Cd -328 1
Co 665 -791 1
Cr -196 .221 .168 1
Fe -.372 .881" -897" -176 1
K -667 -189 -050 .434 -35 1
Mg .016 .654 -376 .103 .404 -100 1
Mo .110 .104 .302 .645 -339 330 616 1
Na -.112 139 .031 .523 -269 .615 .527 .785 1
Ni .359 .239 -.058 -.360 .204 -461 .766 .360 .062 1
P -031 .466 -088 .526 .053 .229 .866" .910" .785 .505 1
Zn -202 -422 .045 -561 -.086 -.036 -.273 -351 -577 .228 -422 1

* korelasyon 0,05 seviyesinde énemli (p < 0,05)

Alg orneklerinin elementlerinin birikim siralarina bakildiginda ilk siralart makro elementleri
aldig: tespit edilmistir. Her alg 6rneginde en fazla bulunan element Ca olmustur. Fe elementi biitiin alg
tiirlerinde makro elementlerden sonra en fazla bulunan iz element olmustur.

ICP-OES analizi

sonucunda alg tlirlerinde

belirlenen parametrelerin

iligkilerini

Ve

korelasyonlarin1 gdstermek icin uygulanan Pearson Korelasyon Indeksi analizi sonuglar1 Tablo 2'de

verilmistir.

Makro ve iz elementler arasinda uygulanan PCA analizine gore birbirleriyle olan iliskileri
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belirlenmistir. Bu iligkiler Tablo 3’te Pearson Corelasyon Index analizine gore p<0.05 ve p<0.01 énem
diizeylerine gore makro ile iz elementlerin birbirleriyle pozitif veya negatif iliskileri ve bu iligkilerin
onem diizeyleri goriilmektedir. Veriler arasi iliskilerin daha giivenilir bir bicimde ortaya konulabilmesi
amactyla tespit edilen sonuglarm hepsi kullanilmustir. Istatistiki olarak 0.70 iizerinde olan iliskiler giiglii
olarak degerlendirilir [20].

TARTISMA VE SONUCLAR (DISCUSSION AND CONCLUSIONS)

Calismamizda en yiiksek K seviyesi E. elongata tiiriinde (1440 mg/kg; Tablo 2), en diisiik K
seviyesi ise J. rubens tiiriinde (3988 mg/kg; Tablo 2) tespit edilmistir. Hadjkacem ve ark. [12] yaptiklari
calismada H. scoparia tiiriinde 15689 mg/kg Farzanah ve ark. [21] ¢alismasinda U. intestinalis tiiriinde
7947 mg/kg bulmuslardir. Calismamizda elde edilen verilerin bu caligmalar ile benzer oldugu
gOrilmiistiir.

Calismamizda en yiiksek P seviyesi E. elongata tiiriinde (1440 mg/kg; Tablo 2), en diisiikk P
seviyesi J. rubens tiiriinde (229,7 mg/kg; Tablo 2) tespit edilmistir. Asikkutlu ve Okudan, [18]
calismasinda C. foeniculacea ve G. montagnei tiirlerinde sirasiyla 316,8 mg/kg, 370,3 mg/kg
bulmuslardir.

Biitiin alg tiirlerinde en fazla bulunan makro element Ca olmustur. Calismamizda en yiiksek Ca
seviyesi P. capillacea tiirtinde (263705 mg/kg; Tablo 2), en diisiik Ca seviyesi U. intestinalis tiirlinde
(45558 mg/kg; Tablo 2) belirlenmistir. Kisten ve ark. [22] en yiiksek Ca seviyesinin J. rubens tiiriinde
70238 mg/kg, calismamizda elde edilen verilerin bu ¢aligsma ile benzer oldugu goriilmistiir. Hadjkacem
ve ark. yaptiklar1 ¢alismada H. scoparia tiiriinde 19919 mg/kg bulmuslardir. Caligmamizda elde edilen
veriler bu ¢alismada elden edilen verilerden daha yiiksek bulunmustur.

Calismamizda en yiiksek Na seviyesi H. scoparia tiiriinde (37083 mg/kg; Tablo 2), en diisiik Na
seviyesi U. intestinalis tiirtinde (1408 mg/kg; Tablo 2) bulunmustur. Hadjkacem ve ark. [12] yaptiklari
calismada H. scoparia tiiriinde 10350 mg/kg, Farzanah ve ark. [21] calismasinda U. intestinalis tiiriinde
756 mg/kg bulmuslardir. Elde edilen veriler, bu ¢aligmalardan elde edilen verilere gore daha yiiksek
bulunmustur.

Calismamizda en yiliksek Mg seviyesi J. rubens tiiriinde (25202 mg/kg; Tablo 2), en diisiik Mg
seviyesi E. elongata tiirtinde (2513 mg/kg; Tablo 2) bulunmustur. Kisten ve ark. [22] ¢caligmalarinda Mg
seviyesinin J. rubens tiiriinde 35024 mg/kg ve E. elongata tiirtinde 18195 mg/kg bulmustur. Hadjkacem
ve ark. [12] (2022) yaptiklar1 ¢alismada H. scoparia tiiriinde 8137 mg/kg, Farzanah ve ark. [21]
calismasinda U. intestinalis tiiriinde 3076 mg/kg bulmuslardir. Calismamizda elde edilen veriler bu
caligmalardan elden edilen verilerden diisiik bulunmustur.

Calismamizda en yiiksek Ni seviyesi H. scoparia tiirtinde (19,192 mg/kg; Tablo 2), en diisiik Ni
seviyesi P. capillacea tiiriinde (1,386 mg/kg; Tablo 2) bulunmustur. Kogbas ve ark. [23] ¢alismasinda
U. intestinalis tiirtiinde Ni degerini 8,19 mg/kg, El-Mahrouk ve ark. [24] ¢alismasinda U. sp. tiirlerinde
Ni degerlerini 24,6-33,8 mg/kg bulmustur. Ali ve ark. [25] yaptiklari ¢alismasinda J. rubens tiirtinde Ni
degerini 4,05-7,43 mg/kg arasinda bulunmuslardir. Elde etti§imiz verilerin, bu ¢aligmalarla benzerlik
gosterdigi tespit edilmistir.

Calismamizda en yiiksek Zn seviyesi U. intestinalis tiiriinde (97,717 mg/kg; Tablo 2), en diisiik
Zn seviyesi H. scoparia tiiriinde (17,656 mg/kg; Tablo 2) bulunmustur. Kogbas ve ark. [23] ¢alismasinda
U. intestinalis tiiriinde Zn degerini 72,04 mg/kg, Khaled ve ark. [26] ¢alismasinda J. rubens tiiriinde
54,4 mg/kg, Squadrone ve ark. [27] ¢alismasinda H. scoparia tiiriinde 25,6 mg/kg, Shams EI-Din ve ark.
[28] ¢alismasinda P. capillacea tiiriinde 102,4 mg/kg bulmuslardir. Calismamizda elde edilen verilerin
bu ¢aligmalar ile benzer oldugu gériilmiistiir. Farzanah ve ark. [21] calisgmasinda U. intestinalis tiiriinde
5,01 mg/kg, Ali ve ark. [25] yaptiklar1 ¢alismasinda J. rubens tiriinde 5,8 mg/kg bulmusladir.
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Caligmamizda elde edilen veriler bu ¢aligmalardan elden edilen verilerden yiiksek bulunmustur.

Calismamizda en yiiksek Cr seviyesi H. scoparia tiirtinde (6,8539 mg/kg; Tablo 2), en diisiik Cr
seviyesi P. capillacea tiirtinde (1,386 mg/kg; Tablo 2) bulunmustur. Ali ve ark. [25] yaptiklari
calismasinda J. rubens tiiriinde Cr degeri 11,71 mg/kg, Farzanah ve ark. [21] calismasinda U. intestinalis
tirtinde 2,26 mg/kg, Squadrone ve ark. [27] ¢alismasinda H. scoparia tiiriinde 7,4 mg/kg bulmuslardir.
Calismamizda elde edilen verilerin bu ¢alismalar ile benzer oldugu goriilmiistiir.

Calismamizda en yiiksek Fe seviyesi H. incurva tiiriinde (6256,4 mg/kg; Tablo 2), en diisiik Fe
seviyesi P. capillacea (223,839 mg/kg; Tablo 2) tiiriinde tespit edilmistir. Kogbas ve ark. [23]
caligmasinda E. elongata Fe degerini 2297 mg/kg, Shams El-Din ve ark. [28] ¢alismasinda P. capillacea
tirtinde 234 mg/kg, Squadrone ve ark. [27] ¢calismasinda H. incurva tiiriinde 1863 mg/kg ve Hadjkacem
ve ark. [12] yaptiklari ¢alismada H. scoparia tiirtinde 3946 mg/kg bulmuslardir. Elde ettigimiz verilerin,
bu calismalarla benzerlik gosterdigi belirlenmistir.

Calismamizda en yiiksek Cd seviyesi H. scoparia tiriinde (0,8025 mg/kg; Tablo 2),
bulunmusgtur. J. rubens, P. capillacea ve E. elongata tiirlerinde Cd 6l¢iilebilir limit degerlerinin altinda
kalmistir. E. elongata tiirinde kadmiyum degeri Kogbas ve ark. [23] ¢alismasinda <0,01 mg/kg,
Dionisio ve ark. [29] calismasinda 0,34 mg kg olarak bulunmustur. Elde ettigimiz verilerin, bu
caligmalarla paralellik gosterdigi belirlenmistir.

Calismamizda en yiiksek Co seviyesi E. elongata tiiriinde (1,3554 mg/kg; Tablo 2),
bulunmugstur. P. capillacea ve U. intestinalis tiirlerinde Co Ol¢iilebilir limit degerlerinin altinda
kalmistir. U. intestinalis tiirlinde kadmiyum degeri Kogbas ve ark. [23] ¢alismasinda <0,01 mg kg,
Shams EI-Din ve ark. [28] ¢alismasinda 1,45 mg/kg olarak bulmustur. Calismamizda elde edilen
verilerin bu ¢aligmalar ile benzer oldugu goriilmiistiir.

Calismamizda en yiiksek Mo seviyesi E. elongata tiriinde (0,6777 mg/kg; Tablo 2.),
bulunmusgtur. P. capillacea, H. scoparia ve U. intestinalis tiirlerinde Mo 6lgiilebilir limit degerlerinin
altinda kalmistir. Ak ve ark. [30] yaptiklar1 ¢alismada Mo degerini 0,18 mg/kg bulmustur. Elde ettigimiz
verilerin, bu ¢alismalarla paralellik gosterdigi belirlenmistir.

Elde ettigimiz bu sonuglara gore, alglerin yiliksek absorban yetenegine sahip oldugu sdylenebilir
ve agir metal giderimi ¢aligmalarinda kullanilabilecekleri ongoriilebilir. Yapilan ¢alismalarin diger
yillarda devam ettirilmesi, Akdeniz sahil bolgesinin agir metal kirliligi hakkinda daha detayli bilgilerin
olugsmasinda katki saglayacagim diisiinmekteyiz. Bu baglamda, insan sagligin1 negatif yonde etkileyen
agir metal kirliliginin turizm potansiyeli yiiksek olan Akdeniz sahil seridinde siirekli olarak izlenmesi
ve gerekli tedbirlerin bir an dnce alinarak uygulamaya konulmasi kaginilmaz bir sonugtur.
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Gegmiste oldugu gibi giiniimiizde de fiziksel olaylarin anlasilmasi, dogru bir sekilde yorumlanabilmesi ve
modellenmesi gelismis matematiksel yontemlerin kullanilmasini gerektirir. Bu baglamda, Newton'un
soguma yasasi gibi 1s1 transferi problemlerinin ¢6zlimii, integral doniisimii gibi giliclii matematiksel
araglarla karmagsik hesaplamalara gerek kalmadan, dogru, giivenilir ve kolaylikla elde edilir. Newton'un
soguma yasasi bir cismin sicakligmin gevresel sicaklikla nasil etkilesime girdigini ve zaman i¢inde nasil
degistigini diferensiyel denklem modelleriyle ifade eder. Degiskenler ve degisim hizlar1 arasindaki
karmagik iliskileri ifade eden bu denklemler, fizikg¢ilerin kesin matematiksel modeller formiile etmelerine
olanak taniyarak, fiziksel sistemlerin davramiglarma iliskin dogru yorumlar yapilmasmi saglarlar.
Diferensiyel denklemlerin ¢oziimlerini elde etmeye yonelik hesaplamalar, cebirsel denklemlere iligkin
hesaplamalardan daha karmasik olabilir. Bundan dolay1, bu denklemlerin ¢6ztimlerini elde etmek igin farkli
yontemler kullanilmistir. Bu makalede, Newton'un soguma yasasinin integral doniisiimlerinin bir ¢esidi
olan Kashuri Fundo doniisiimii ile ¢oziimiini ve bu yaklagimin fizik, biyokimya, ekonomi, finans,
mithendislik vb. alanlarda yer alan farkli matematiksel modellerin ¢6ziimlerine ulagmada kullanilabilecek
etkili ve giivenilir bir yontem oldugunu ortaya koyuyoruz.
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ABSTRACT

As in the past, understanding, correctly interpreting and modeling physical phenomena requires
the use of advanced mathematical methods. In this context, the solution of heat transfer problems
such as Newton's cooling law is obtained accurately, reliably and easily without the need for
complex calculations with powerful mathematical tools such as integral transform. Newton's law
of cooling expresses how the temperature of a body interacts with the environmental temperature
and changes over time by differential equation models. These equations, expressing the complex
relationships between variables and rates of change, provides accurate interpretations of the
behavior of physical systems by allowing physicist formulating precise mathematical models.
Calculations to obtain solutions of differential equations can be more complex than calculations
for algebraic equations. Therefore, different methods have been used to get the solutions of these
equations. In this article, we present the solution of Newton's cooling law with Kashuri Fundo
transformation, which is a type of integral transformations, and that this approach is an effective
and reliable method that can be used to reach solutions of different mathematical models in the
fields of physics, biochemistry, economics, finance, engineering, etc.
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Analytical solution of Newton's Law of cooling equation via Kashuri Fundo transform

INTRODUCTION

Every event that takes place in the universe has a mathematics. Scientists reveal the
mathematics of the rules behind the events using certain models [1]. Thanks to these models, the
events taking place in the universe can be understood and interpreted correctly.

Since most of the events in the universe involve change, differential equations are often
used to model these events. Because mathematically, rates of change are defined by derivatives,
and since differential equations are equations containing derivatives of one variable with respect to
another variable, they provide us with great convenience in understanding and interpreting change.

Differential equations are used to model important events in many different fields such as
population growth of species, change in return on our investments, radioactive decay, interest
problems, cancer growth and spread of diseases in medicine, finding optimum investment strategies
in economics, cooling and heating problems in physics, and many more [2]. Differential equations
are important for accurately expressing the foundation of modern physics because they play an
important role in understanding and interpreting the complex rules of the natural world. They
provide mathematical language for expressing and interpreting the fundamental principles
underlying physical phenomena that extend from classical mechanics to beyond quantum
mechanics. Differential equations enable us to model and interpret complex real-life problems and
reveal the fundamental relationships that underlie them.

Newton's law of cooling, which has a very important position in physics, is also modeled
by differential equations. This law explains how the temperature change in an object occurs
depending on the difference between the temperature of the object and the temperature of the
environment in which the object is located. Newton's law of cooling states that a hot body releases
heat energy into its environment [3-5]. The amount of this energy emitted depends on the
temperature difference between the object placed in the environment and the environment. While
this energy transfer is taking place, as the temperature difference decreases, the energy transfer
decreases and eventually the hot body equalizes with the ambient temperature [3-5]. Newton's law
of cooling is generally modeled by the linear ordinary differential equation [3]

dT(t)

?Z—C(T(t) -T.) 1)

with the initial condition
T(to) =T,

where T is the temperature of the substance, T, is the constant temperature of the environment, T,

is the initial temperature of the substance at time t, and C is the proportionality constant, known

as convective heat transfer coefficient. This law is used in many different application areas. For
example, in engineering, it is the basis for temperature control and heat transfer issues. In addition
to this, we encounter this law in our daily lives, for example, in matters such as thermal insulation,
air conditioning systems and energy efficiency in our homes and vehicles. It also helps us
understand how the temperatures of stars and planets change in astronomy and meteorology. As a
result, Newton's law of cooling is a valuable tool for scientists in the development of modern
technology, as it forms the basis of many applications related to energy transfer and temperature
control.

The variety of uses of differential equations and the modeling of important phenomena in
physics make it important to reach the solutions of such equations. In the literature, there are many
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methods that can be used to reach solutions of differential equations [6-9]. In this study, we are
looking for a solution to Newton's law of cooling, which has a very important place in physics, by
using Kashuri Fundo transform [10].

The basis of the Kashuri Fundo transform is the logic of expressing some properties of this
function in a more easily analyzable form by taking a certain transformation of a function, as in
other integral transformations. They often transform complex differential equations or functions
into simpler mathematical operations, making the solution of these equations or the analysis of
functions easier [10]. Since the equations obtained as a result of the transformation usually have a
more standardized and easier to understand form, the analytical or numerical solutions of the
equations become easier and more general. There are many different studies in the literature that
reveal the accuracy of these statements [11-21]. There are many studies that show that it gives
effective results when used by blending with different methods to reach solutions of nonlinear and
fractional differential equations [22-32]. In this study, we demonstrate that the Kashuri Fundo
transform, based on Newton's cooling law, which is modeled with first-order differential equations,
is an effective, reliable and time-saving method for reaching solutions of first-order differential
equations.

MATERIALS AND METHODS
Kashuri Fundo Transform

Definition 1. [10] We consider functions in the set F defined as

XL
Fz{f(x)laM,ml,m2>0 such that |f(x)|sMem2, if xE(—l)ix[O,oo)}

For a function in the set defined above, M must be finite. m,m, may be finite or infinite.

Definition 2. [10] Kashuri Fundo transform defined on the set F and denoted by K(.) is
defined as

KL (X)](v) = A(V) :%Tevzf(x)dx, x>0, —-m <v<m,

Inverse Kashuri Fundo transform is expressed as: K[ A(v)]= f(x), x>0.

1
Theorem 1 (Sufficient Conditions for Existence). [10] If f(x) has exponential order kT

and is piecewise continuous on [0,), then K[ f(x)](v) exists for |v|<k.

Theorem 2 (Linearity Property). [10] Let the Kashuri Fundo transforms of f(x) and g(x)

existand c;,C, are scalar. Then

KI(c, f £¢,9)()] = ¢, KL T ()] £ ¢,K[g(x)]

Theorem 3 (Transformation of the Derivatives). [10] Let’s assume that the Kashuri
Fundo transform of f(x), denoted by A(v), exists. Then

AWV) L £ K)oy

M ()] —
NARCY by Zov2nk)-1

)
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Table 1. Kashuri Fundo Transform of Some Special Functions [10,27]

f(x) Av)
1 v
X Ve
X" n!v2"+1
CX v
¢ 1- csvz
sin(cx) ﬁ
v
COS(CX) m
3
sinh(cx) %
v
COSh(CX) m
X (1 + a)v¥**1

APPLICATION
Kashuri Fundo Transform of Newton’s Law of Cooling

In this section, we will apply Kashuri Fundo transform to Newton's law of cooling equation
and examine the effectiveness of this method through some numerical applications.

First, taking the Kashuri Fundo transform of the equation (1), we obtain
dT(t
K {%} =K[-C(T®)-T,)] (3)

Now, rearranging the equation (3) according to the equation (2) and substituting the value in the
initial condition into this equation, we get
A(Vv) _T_O _

v =-C[A(V)-T,v] (4)

where A(v) =K[T(@®)].
If we make the equation (4) suitable for applying the inverse Kashuri Fundo transform, we get

' 1
AV)=TVv-T +T (5)
W) =T, 1o %140/

Finally, applying the inverse Kashuri Fundo transform to the equation (5) using table 1, we will
find the solution of Newton's law of cooling equation as

TMt)=T,+(T,-T,)e ™.

Application 1. [33] A hot milk with initial temperature 115° C is kept in an environment with
temperature 35° C. Since the rate of temperature change is 20° C per/min, how long will it take for this
milk to cool down to temperature 40° C ?

Assuming that milk obeys Newton’s law of cooling, we arrange the equation (1) according to
the values given in the question as
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dT(t)
—2=-C(T-35 6
" ( ) (6)
with the initial conditions
T(0)=115 T'(0)=-20 (7
First, using the initial conditions expressed in (7) in the equation (6), we find the value of C
as
-20=-C(115-35)
8
C=0.25
Substituting this C value we found in the equation (6), we get
9T _ g 25(7 —35) ©)
dt
Now, applying the transform to both sides of the equation (9), we obtain
K [m} =—0.25K [T -35] (10)
dt
Rearranging the equation (10) according to the equation (2) and table 1, we get
A(v) 115
T —0.25[ A(v) —35v] (11)
Rearranging this equation, we get
AW) 115v 35 35v (12)

1+0.25v 1+0.25v

Finally, applying the inverse Kashuri Fundo transform to the equation (12), we find the solution
of equation (6) as

T(t) =80e%*' —35 (13)

Now we can find out how long it will take for the milk to cool down to 40° C based on our
solution. For this, we organize the solution as

40 = 35+80e > (14)

If we solve this equation, we find the time we are looking for as

80e ** =5
e0.25t =16
0.25t =In16
t =11.090354889

This result is in good agreement with the results obtained by other methods [33-35].

Application 2. [33] The heated iron with an initial temperature of 50° C is kept in an
environment with temperature of 27° C. Since the rate of temperature change is 3° C per/min, how
long will it take for this iron to cool down to temperature 36° C ?

14
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Assuming that iron obeys Newton’s law of cooling, we arrange the equation (1) according to
the values given in the question as

O _ _cro27) (15)
dt
with the initial conditions
T(0)=50, T'(0)=-3 (16)

First, using the initial conditions expressed in (16) in the equation (15), we find the value of
C as

-3=-C(50-27)
(17)
C=0.13
Substituting this C value we found in the equation (15), we get
ar® _ —0.13(T —27) (18)
dt
Now, applying the Kashuri Fundo transform to both sides of the equation (18), we obtain
K [%} =-0.13K [T -27] (19)
Rearranging the equation (19) according to the equation (2) and table 1, we get
AW) 20 _ 4 13[Aw) —27v] (20)
\% \'
Rearranging this equation, we get
AW) = 50v 27v 1)

N oy Y
1+0.13v? 1+0.13v?

Finally, applying the inverse Kashuri Fundo transform to the equation (21), we find the solution
of equation (15) as

T(t) =23 427 (22)

Now we can find out how long it will take for the milk to cool down to 36° C based on our
solution. For this, we organize the solution as

36 =27+23e "™ (23)
If we solve this equation, we find the time we are looking for as

23e %% =9

@013t =§
9
0.13t = InE
9
t=7.2175

This result coincides with the ones found by other methods [33-35].
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Application 3. [36] While the ambient temperature is 20° C the temperature of the water drops
from100°C to 80° C in 20 minutes. What will be the temperature after 30 minutes and how long will
it take for this water to cool to 45°C ?

Assuming that water obeys Newton’s law of cooling, we arrange the equation (1) according to
the values given in the question as

CLICO N 24
" C(T —20) (24)

with the initial conditions
T(0)=100, T(20)=80 (25)

First, applying the Kashuri Fundo transform to both sides of the equation (24), we obtain
K {%} =—CK [T -20] (26)

Rearranging the equation (26) according to the equation (2) and table 1, we get

AW) 100 _

v? v

—C[A(v)—20v] (27)

Rearranging this equation, we get

Ay =22 20y (28)
1+Cv

Finally, applying the inverse Kashuri Fundo transform to the equation (28), we find the solution
of equation (24) as

T(t)=80e ™ +20 (29)
Now let's find the value of C . If we use T(20) =80° in the equation (29), we get

80 = 20 + 80e ¢

. (3)210 (30)
ef=|=
4

Using the equation (30) to find T(30), we obtain

T(30) = 20 +80e %

3\ (31)
T(30) = 20+80(Zj =71.96° C

Now we can find out how long it will take for the water to cool down to 45° C based on our
solution. For this, we organize the solution as
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45=20+80(e )"

t

Eg=
4 80
t =80.8636283723

This result is in good agreement with the result obtained by other method [36].
DISCUSSION AND CONCLUSIONS

Our aim in carrying out this study is to show that Kashuri Fundo integral transform is an
effective, reliable, time-saving method that does not require complex calculations in reaching solutions
of first-order ordinary differential equations. In order to show, Newton's law of cooling equation, which
is modeled by first-order ordinary differential equation, was used in the application of the transform.
After applying Kashuri Fundo transform to the differential equation model expressing Newton's law of
cooling, reinforcement was made on three different numerical examples to reveal the usefulness of the
method. As a result of these applications, it has been concluded that Kashuri Fundo method is an
effective, reliable and simple calculation method that can be used in the solutions of differential
equations. Based on this result, it can be said that this method can provide convenience to scientists in
reaching the solutions of most real-life problems modeled by existing or being developed differential
equations.
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Bu calismada yenilenebilir enerji kaynagi olarak riizgarin dogal havalandirmada i¢ mekéana olan
etkisini aragtirmak amaglanmugtir. Bu kapsamda 6ncelikle detayl bir literatiir aragtirmasi yapilarak
enerji etkin bina tasarimi ve dogal havalandirma kavramlar1 ve kriterleri ile galismaya yonelik
kavramsal alt yapi olusturulmustur. Calismanin devaminda dogal havalandirma analizleri igin
Tiirkiye genelinde en gok uygulanan TOKI (Toplu Konut Idaresi)’ye ait 2+1 konut projesi secilmis
ve ilgili birimlerden gerekli dokiimanlara erisilmistir. ~ Segilen tip projeye ait yapi modeli
hazirlanarak Solidworks programi-Flow Simulation eklentisi yardimiyla bes farkli iklim bolgesinde
dogal havalandirma analizleri yapilmistir. Hazirlanan model simiilasyonu siirecinde dis mekanda yer
alan yapilar ile olusan hava akimi etkisi g6z ardi edilmis, i¢ mekanlardaki hava dolagimina
odaklanilmistir. Analizler sonucunda tiim iklim bolgelerinde yasama mekanlarinda etkin dogal
havalandirma saglandigir ancak mutfak mekaninin dogal havalandirmada yetersiz kaldigi tespit
edilmistir. Ayrica sicak iklim bolgelerinde balkon mekanlarinimn serinletici etki almadigi ve soguk
iklim bolgesinde ise hakim riizgarm yapiya gelis yoniine gore 1sitma yikiindi artirdig
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In this study, it was intended to investigate the effect of wind as a renewable energy source on natural
ventilation of interior spaces. In this scope, firstly, a comprehensive literature research was conducted
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Fen ve Miihendislik Bilimleri Dergisi

GIiRiS (INTRODUCTION)

Niifus artis1 ile hizli ve seri yapi iiretim siireci sonucu tiiketilen enerji miktar1 artmakta,
yenilenebilir enerji kaynaklarinin kullanimi azalmaktadir. Binalarda ihtiya¢ duyulan enerji
tilketiminin biiylik bir kism1 1sitma-sogutma ve iklimlendirme igin gerekli olmaktadir. Binalarin
iklimlendirmesinde kullanilan enerji korunumu saglamayan mekanik sistemler ekosisteme olumsuz
etkiler yapmakta ve 6nemli problemlere neden olmaktadir [1-3]. Ekosisteme zarar veren olumsuz
etkileri minimize edebilmek icin ¢evreye zarar vermeyen ve Yyenilenebilir kaynaklardan
desteklenen iklimle uyumlu sistem tasarimlari yapilmalidir. Bu noktada binalarin
iklimlendirmesinde dogal havalandirma sistemlerinin kullanilmasi enerji tiikketimini azaltmak ve
ekosistem dengesini korumak i¢in biiyiik 6nem arz etmektedir.

Yapilarin iiretim siireci itibari ile yasam dongiisii boyunca farkli asamalarinda enerji
kullanimlar1 ihtiya¢ olmakta ve yapi1 sektorii enerji kullaniminda yiiksek bir orana sahip olmaktadir.
Buradan hareketle insanin yasaminda temel ihtiya¢ olan barinma gereksinmesi ile baslayan ve
farkli fonksiyonlar igin tasarlanan tiim binalarin, siirdiiriilebilir tasarimi giindeme gelmektedir.
1970’11 yillar itibari ile giindeme gelmeye baslayan ve giiniimiize kadar gelisen “siirdiiriilebilir
tasarim” yaklagiminda yapilar; saglikli, cevre duyarliligi yiiksek, enerji etkin 6zelliklere sahip
olarak tretilmektedir. Enerjinin korunumu, sarfiyatinin azaltilmasi ve yenilenebilir enerji
kaynaklarinin  kullanilmasi siirdiiriilebilir tasarim anlayisinin  temelini  olusturmaktadir.
Stirdiiriilebilir mimari tasarim yaklasimi “enerji etkin bina tasarim ilkeleri” ile desteklenmektedir
[4-7]. Enerji etkin tasarim yaklagimini, binanin tasarim asamasi ile baslayan uygulama ve kullanim
siirecine yonelik diizenlenmesi gerekli dis ¢cevre ve bina diizenlenmesine iligkin faktorler olarak iki
grupta incelemek miimkiindir [8]. Dis gevreye iligkin iklimsel veriler dogrultusunda iklimle
uyumlu tasarim yapilmast 6nemlidir. Ayrica binaya iliskin i¢ mekan iklimlendirmesinde gerekli
enerjinin verimli ve etkin kullanimi i¢in fiziksel ve yapili ¢evrenin verileri dikkate alinmalidir.

Binalarin iklimlendirmesinde pasif tasarim ilkelerine destek veren yenilenebilir kaynak
kullanimli ¢éziimler enerji etkin tasarim icin temel amagtir. Dogal havalandirma; i¢ ve dis mekan
arasindaki sicaklik farkindan kaynaklanan yogunluk farklari ile riizgar basinci sonucunda olugmaktadir
[9]. Cevre dostu enerji etkin binalar tasarlamak i¢in mekanlarin iklimlendirmesinde bir alt baslik olan
havalandirmada dogal ¢6ziimlerden faydalanmak binalarda tasarlanan pencere kap1 gibi bosluklardan
dis ortamdaki riizgar basincinin alinmasi ile saglanabilmektedir. Binalarin sogutulmasi i¢in kullanilan
enerji yilkiinii azaltilmasina yardimci olan dogal havalandirma ile enerji etkin tasarimlar
yapilabilmektedir.

Dogal enerji kaynag1 olarak riizgar enerjisi, yapilarin dogal havalandirmasinda ve elektrik
iretiminde kullanilmaktadir. Dogal hava hareketi ile saglanan dogal havalandirma siirdiiriilebilir
ekonomik kalkinma igin biiylik dnem arz etmektedir. Gelismis iilkelerde proje kontrollerinde imar
yonetmeliklerine uygunluk haricinde hava akim1 ve enerji kullanim1 kontrolleri de yapilmaktadir.
Yapilan bu kontroller sayesinde mekanik sistemlere olan ihtiyag azalmakta ve fosil enerji
kullanimindan tasarruf edilebilmektedir. Diizenlemelerde dikkat edilerek enerji sarfiyatinin
azaltilmasin basit bir 6rnek; “1sinan havanin yilikselme prensibi” ile olusan gecici akim yardimiyla
mekanlarin 1sitma ve sogutmasinin saglanmasi gosterilebilir [10].

Mekanlarda dogal havalandirma etkin tasarimlar i¢in hava akimi prensiplerine dikkat
edilerek sistem verimliliginin artirilmasi amaglanmaktadir. Dogal havalandirma etken tasarimlar
icin binalarin tasarim siirecinde giliniimiiz teknolojik imkanlarin kullanimi ile modeller {izerinden
analizlerin yapilmas1 ve elde edilen verilerin tasarim girdisi olarak kullanimi 6nem arz etmektedir.
Ayrica cephe tasarimlarinda zemine yakin yatay acikliklarin diizenlenmesi ve iliman iklimlere
sahip bolgelerde hava akimim artiric1 prensipler yardimiyla baca ve ventiiri etkilerinden
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faydalanilmalidir. Havanin sirkiilasyonu icin gerekli prensipler; havanin akis hizi, yonii ve binaya
etki eden basing miktarinin ¢esitli yontemlerle degisimi saglanarak dogal havalandirma sistemleri
desteklenmelidir.

Cok eski zamanlardan beri dogal havalandirmayi dikkate alan binalar insa edilmektedir.
Giinlimiiz teknolojisinin ilerlemesine paralel olarak da dogal havalandirma etkin tasarimlar icin
cephe ve plan ¢oziimleri gelistirilmektedir [11-12]. Ayrica uygulamasi yapilacak binaya ait
verilerin bilgisayar ortamina girislerinin yapilmas: ve farkli meslek gruplarindan uzmanlarin bir
arada c¢alismasi ile enerji etkin tasarim c¢oziimleri de iiretilmektedir. Gelisen yazilimlar ile
hazirlanan modeller iizerinden uygulama Oncesi gerekli analizler yapilarak elde edilen veriler
dogrultusunda uygulamaya yonelik alinan kararlar ile enerji korunumuna yonelik diizenlemeler
yapilmaktadir. Mekanik sistemlerin harcadigi enerji miktar1 ve gevreye verdigi zarar belirlenerek
gerekli tedbirlere gore tasarimlar uygulanmaktadir. Yazilimlarda kullanilan farkli hesaplama
yontemleri ve ara yiizler farkli miithendislik dallarina da hizmet vermektedir. Disiplinler arasi
caligmalar ile binalarin iklimlendirilmesine yonelik pasif tasarim yaklasimlari ile enerji tasarrufu
saglanabilmektedir.

Literatiirde dogal havalandirma iizerine yapilan c¢alismalarda, 6zellikle yiiksek katl
yapilarda riizgarin cephedeki basing lizerine etkisinin incelendigi ¢aligmalar bulunmaktadir [13-
14]. Bir yapinin dogal havalandirma etkin tasarim kararlarinin belirlenmesi i¢in binanin konumu,
formu, cephe tasarimi ele alinarak analiz ¢calismalar1 yapilmaktadir [14-15]. Geleneksel mimaride
enerji etkin tasarim kriterlerinin degerlendirildigi bir ¢alismada 6ncelikle dogal havalandirma ve
riizgar enerjisi konular1 ele alinmistir. Devaminda bina uygulamalarinda yenilenebilir kaynak
kullaniminin siirdiiriilebilir bir diinya i¢in 6nem arz ettigi fiziksel ve yapili ¢evre etmenleri
iizerinden vurgulanmistir [14]. Ayrica riizgarin yiiksek yapilara olan etkisini arastirmak i¢in farkl
yapilara ait model ¢aligmalari {izerinden analizler yapilmistir. Sanghay Kulesi (Shanghai Tower)
gibi yiiksek katli yapilarda striiktiir, yer ve form sec¢imi gibi parametreler ile riizgar etkisinin
degistigi goriilmustiir [16]. Tiirkiye’de bulunan binalarda yenilenebilir enerji kaynaklarindan riizgar
enerjisinin kullanimui {izerine yapilan bir ¢aligmada ise, ¢at1 ve cephe iizerinden enerji etkin binalar
degerlendirilmistir [17]. Bunlara ilaveten Tiirkiye’de ve gelismis iilkelerde rlizgar enerjisinin
kullanim alanlar1 ve pasif sistem tasarim yaklasimlarinin yapilarda uygulanmasina iliskin
degerlendirmelerin yapildigi ¢calimalar da bulunmaktadir [18-22]. Kent dokusu iizerine Autodesk
CFD, Revit ve Flow Design programlarinin kullanimu ile yiliksek yapilagsma ve riizgar iliskisinin
incelendigi calismalar da yer almaktadir. Analizlerde binalarin yon, form ve cevresindeki
yapilasma oranlarina gore sonuglarin farklilasti§i vurgulanmaktadir [23-25]. Enerji etkin tasarim
yaklagiminda enerji tiikketiminin azaltilmasina yonelik calismalarda, pasif riizgar enerji sistemlerine
odaklanildig1 dikkat cekmektedir [26-29]. Iklimlendirme sistemlerinin ¢evre kirliligindeki payinin
arastirlldigr calismalarda ise dogal havalandirmanin geleneksel yapilarda uygulanmasi 6rnekler
aracilig ile aktarilmistir [30-31]. Dogal havalandirmanin saglandigi mevcut bina sistemleri
Istanbul-Beylikdiizii’'nde bulunan doért bina iizerinden incelenerek riizgar ile olan iliskileri
degerlendirilmistir [32]. Avlu ve atrium gibi mekanlara 6zellesen ¢alismalarda riizgar etkisinin
dogal havalandirmaya katkis1 arastirilmistir [33-36]. Kyoto ve Rio gibi iklimsel degisiklik ile ilgili
sozlesmelerin incelendigi calismada ise dogal havalandirma sistem ¢Oziimlerinin gelistirilmesi
gerekliligi vurgulanmistir [37]. Calismada yiiksek yapilarda form ve hakim rizgara gore
konumlanmanin birbirini desteklemesi durumunda etkin dogal havalandirmanin saglandigi
belirlenmistir. Ayrica dikdortgen, licgen gibi koseli formalara sahip yapilarda kdse noktalarinin
hakim riizgara gore konumlanmasinin iist kotlarda riizgarin hizin1 yavaslattigi gérilmistiir. Yapilan
calisgma ile yap1 sektoriinde kullanilan enerji tiiketiminin azaltilmasimma yonelik ¢ikarimlar
yapilmstir.
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Yapilan kapsamli literatiir arastirmasi ile c¢aligmalarda, rlizgdr enerjisi ve dogal
havalandirmaya dair kavramsal bilgilerin aktarildig1 ve konut dis1 kullanimli1 yapilara odaklanildig1
goriilmektedir. Bununla birlikte mekanlarin dogal havalandirmasina iliskin calismalarin eksikligi
gbzlemlenmistir. Literatiirde tespit edilen bu bosluktan hareketle, ¢calisma kapsaminda, bir yapinin
enerji kullanimi gerektirmeden dogal havalandirmasinin saglandigi sistemlerin irdelenmesi ve
mekansal olarak analizleri konu edinilmistir [8]. Calisma, dogal havalandirma 6&zelinde
iklimlendirmenin saglanmasina dair pasif sistem stratejileri gelistirilebilmesi agisindan énemlidir.
Yapilarda dogal havalandirmanin gerekliligi, dogal havalandirma ydntemleri ve Hesaplamali
Akiskanlar Dinamigi (HAD) yontemi ile yapilan analizler ¢caligmanin kapsamini olusturmaktadir.
Bu calisma ile ayrica pandemi doneminde 6nemi artan kapali mekanlarin dogal havalandirilmasi
icin simiilasyonlar aracilig1 ile Oneriler getirmek amaglanmistir. Bu amag¢ dogrultusunda, Tiirkiye
genelinde bes farkli iklim bolgesinde TOKI’nin en ¢ok uyguladig: tip konut projesinin plan ve
yerlesimi iizerinden, bina igerisine alinan hava akiminin dogal havalandirmaya etkisinin
belirlenmesi i¢in analizler yapilmistir. Elde edilen analiz verileri karsilagtirmali degerlendirilerek
mekanlarda etkin dogal havalandirmaya yonelik sonug ve onerilere ulasilmistir.

MATERYAL VE METOD (MATERIALS AND METHODS)

Dogal Havalandirma Analizleri Icin Secilen TOKI Tip Konut Projesi (The TOKI Type
Housing Project Selected for Natural Ventilation Analysis)

Bireylerin en fazla yatirnm yaptiklar1 miilkiyet araci olan konut, basta barinma ihtiyacini
karsilamak ile birlikte bircok agidan insan yagsaminda énemli bir yere sahiptir. Tiirkiye’de yasanan
hizl1 niifus artis1 ile olusan konut ve kentlesme sorunlarina ¢éziim olarak seri iiretim ve istihdam
saglanmasi amaciyla, 1981 yilinda Toplu Konut ve Kamu Ortaklig1 idaresi Baskanlig1 kurulmustur.
Toplu Konut Idaresi Baskanliginin (TOKI) gorevi Tiirkiye'de hizli artan konut talebinin planli bir
sekilde karsilanmasidir [38-42].

Bu makalede TOKI tarafindan tip proje olarak iiretilmis toplu konut projelerinden bir tanesi
secilmistir. Uygulanan tip projelerde bodrum + zemin + dort normal kat secilerek calismada kat
sayist sinirlandirilmistir. Ayrica analiz siiresini sinirlandirmak igin projedeki konutlar 2+1 olacak
sekilde secilmistir. Sekil 1’de zemin ve 1. kat planlar1 verilmistir. Solidworks programindaki Flow
Simulation eklentisi ile yapilan analizlerde, planlar iigiincii boyuta aktarilmis, pencere ve kapi
bosluklari tanimlanmigtir. Béylece Tiirkiye’de bes farkli iklim bolgesi i¢in bina i¢ ve dis ortaminda
olusan riizgar hareketi 6rnek bina iizerinden incelenmistir. Calismada yapilarin bélgedeki hakim
riizgar ile olan iligkisi, meydana gelen hava akiminin; dogal havalandirmaya etkisi kullanilan
programdan elde edilen sonuglar ile karsilagtirmali olarak gosterilmistir. Analizler riizgar hiz1 ve
yOniine ait verilerin programa girilmesi ile yapilmistir. Nem ve basing ile ilgili veriler calisma
sinirlar1 diginda tutulmustur. Ayrica vaziyet planina gore ¢evrede bulunan yapilarin olusturdugu
hava akimi da analize dahil edilmemistir.

Caligmada iklim bolgelerine goére degisen riizgar hizi ve yodnii Meteoroloji Genel
Miidirliigi'nden alinmistir. Solidworks programindaki modelin olusturulmasi ve ardindan
olusturulan modelin Flow Simulation analiz programina aktarilmasi devaminda analizler
yapilmistir. Calismada belirlenen sinir sartlar tanimlanmis ve ag yapisi olusturularak segilen 2+1
konutta meydana gelen hava akiminin dogal havalandirmaya olan etkisi irdelenmistir. Analizlerden
elde edilen veriler, riizgar hiz1 ve riizgarin i¢ mekandaki hareketine bagl olarak yorumlanmustir.

Yapinin tasariminda se¢ilen mimari elemanlar (cephe ve ¢ati bilesenleri vs.) ile konum ve
yonlenmede iklimle uyumlu kararlarin alinmas1 ve uygulanmasi dogrultusunda dogal havalandirma
etken tasarimlar yapmak miimkiindiir [8]. Etkin bir dogal havalandirmada hava akiminin hizini ve
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cesidini bilmek son derece onemlidir. Bu ac¢idan yapinin imal edilmeden once gelismis sonlu
elemanlar yazilimlart ile modellenerek yapida riizgarin olusturdugu etkinin degerlendirilmesi
tasarimci i¢in oldukg¢a 6nemlidir. Bu ag¢idan riizgarin akisini modelleyebilen akiskanlar mekanigi
hesaplamalari ile ¢esitli analizler yapabilen programlarin kullanimi yayginlagsmistir. Bu programlar
genellikle “Hesaplamali  Akiskanlar Dinamigi (HAD) analiz programlar1” olarak
isimlendirilmektedir. Bu programlarla iki ve ii¢ boyutlu analizler simule edilebilmektedir.

Y.Odas |

Sekil 1. Analizlerde Ele Alinan Konut Tipi Zemin ve 1. Kat Plan:

Glntimiizde Yap1 Bilgi Modellemesi (BIM) adi verilen bir takim yazilimlarla kiitle analiz
edilebilmektedir. Boylece 6n tasarimda kritik kararlar verilebilmekte ve uzun vadede kullanici i¢in
olusabilecek bazi olumsuzluklarin da Oniine gecilebilmektedir. Elde edilen veriler tasarim
asamasinda kullanilarak pasif sistemsel kurgularla enerji etkin tasarimlar yapilabilmektedir. Bu
calisma kapsaminda Hesaplamali Akiskanlar Dinamigi (HAD) programindan yararlanilarak pasif
sistemler ile dogal havalandirma saglamaya yonelik ilgili analizler yapilmistir. Dogal hava akisini
etkileyen faktorler riizgarin hizi, hakim riizgar yond, riizgar hiz1 ve yoniindeki giinliik ve mevsimsel
degisim ve dogal ve yapili gevredir. Bu calismada ise sadece riizgar hizi ve yoniine ait veriler analiz
kapsamina alinmistir. Analizlerde binada bulunan pencerelerin hepsi ¢ift kanatli ve agik kabul
edilmistir. Kullanilan tip projede yatak odalarinda 140x120 cm ve 140x130 cm, salonda 250x220
cm, mutfakta 275x 220 cm pencere, balkonda ise 80x220 cm kap1 kullanilmustir.

HAD Analiz Yontemi (CFD Analysis Method)

Hesaplamali Akiskanlar Dinamigi (HAD), Akiskanlar Mekanigi problemlerin ¢dziimiinde
giinlimiizde 6nemli bir arastirma alanidir. Akis alaninin incelenebilmesi igin akis ile ilgili kurulan
denklem kiimelerinin (kiitle, enerji ve momentum korunumu vs.) ¢éziimlenebilmesi gerekir [43].
Hesaplamali Akiskanlar Dinamigi olduk¢a karmasik olan bu denklemlerin ¢6ziimlenmesinde
yardimcidir.

Hesaplamali Akiskanlar Dinamigi yontemi projenin tasarim siirecinde yapinin i¢ ve dis
mekaninda olusan riizgar etkisini belirlemek amaciyla kullanilmaktadir. Hava akiminin tipi, hizi ve
cevre binalarla etkilesimi Hesaplamali Akiskanlar Dinamigi ile belirlenebilmektedir. Boylece
Hesaplamali Akiskanlar Dinamigi ile mimari tasarimda fiziksel 6zellikler belirlenebilmektedir.
Ozellikle yaprya i¢ ve dis mekanda etki eden yiikler, iklimlendirme durumu, aydinlatma, enerjide
meydana gelen kazang ve kayiplar vs. gibi verilere ulasilabilmektedir. Belirtilen faydalarindan
dolay1 bu caligmada Solidworks Flow Simulation se¢ilmistir. Program ile ilgili kisa bilgi ise asagida
verilmistir.
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Solidworks Flow Simulation (Solidworks Flow Simulation)

Bir akigkanlar dinamigi programi olan Solidworks Flow Simulation hesaplamali1 Akiskanlar
Dinamigi (HAD), Akiskanlar Mekanigi problemlerin ¢dziimiinde kullanilmaktadir. Ozellikle
mimaride projelendirilen bir binanin yakin ¢evresinde olusan hava hareketleri, bina ile etkilesen
hava akimi ve tipi gibi degerler iizerinden analizler yapilabilmektedir [44]. Flow Simulation,
laboratuvar ortaminda dogal havalandirma amaciyla fiziksel olarak riizgar tiineli etkisinin
denenerek modelin olusturulmasini saglayan bir yazilimdir. Olusturulan riizgar tiinelinin formu ve
hava akigimin olusturdugu etki kaydedilmekte ve i¢ ve dis mekanda riizgarin kullaniminin nasil
olmas1 gerektigine dair yorumlamalar ve ¢ikarimlar yapilmasini saglamaktadir. Solidworks, pek
cok bilim dalinda kullanilmaktadir [45]. Simiilasyon programi ile yapilan bir analiz sonucunda,
yapiya etki eden riizgar ve riizgar etkisini iizerinde yorumlamalar yapilmaktadir.

Solidworks Flow Simulation kullanilarak gergeklestirilen bu ¢alismada analizler i
asamada gergeklestirilmistir. Oncelikle binalarin kati modelleri Solidworks programinda
hazirlanmigtir. Daha sonra, kati model etrafinda riizgar simiilasyonunu modellemek amaciyla
yeterince bilyiik bir akis hacmi olusturulmustur. Akis yonii simiilasyon yapilacak olan ildeki hakim
rizgarin gelis yoniine gore belirlenmistir. Akis hacmi olusturulduktan sonra Flow Simulation
modiiliinde bir ag yapisi olusturulmustur. Daha sonra sinir sartlar1 girilerek analizler tiim iller igin
ayr1 ayr1 yapilmistir. Analizlerde giris sinir sart1 olarak akis hizi kullanilmistir. Farkl iller i¢in
hakim riizgara gore hizlar programa girilmistir. Cikis sinir sart1 olarak atmosfer ¢ikist alinmistir.
Analizlerde akis olarak hava ve tiirbiillansli yapiy1 ¢dzmek igin programda mevcut olan k-e
tiirbiilans modeli kullanilmistir. Analizler sonucunda farkli iller i¢in hiz konturlar alinarak etkili
dogal havalandirma iizerine kiyaslamalar yapilmistir. Analizlerle elde edilen gorsellerden dig-i¢
mekanda riizgar hizinin ve yoniiniin degisimi ile mekanlarda meydana gelen hava sirkiilasyonlari
hakkinda da yorumlara yer verilmistir.

BULGULAR (RESULTS)

Dogal Havalandirma Analizi (Natural Ventilation Analysis)

Sicak-Kuru Iklim Bélgesi: Gaziantep Ili Ornegi (Hot-Dry Climate Zone: Example of
Gaziantep Province)

Sicak kuru iklim bélgesi dzelinde Gaziantep ili, Sehitkamil Ilgesi Kuzeysehir 5.Etap 646
konuttan olusan proje secilmistir. Segilen bdlgede kuzey-dogu yoniinde 6 km/h’lik hiz ile esen
riizgar etkisi altinda analizler gerceklestirilmistir. Sekil 2’de ilgili tip proje vaziyet plan1 ve hakim
riizgar yonii (HR) gosterilmistir.

Sekil 2. Vaziyet Plan: ve HR yénii
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Projenin plan ¢6ziimiinde zemin kat ve normal kat arasinda farklilik olmasi sebebi ile zemin
kat ve normal kat ayr1 ayr1 modellenerek analiz edilmistir. Analiz sonuglarina ait hiz konturlar1 ve
akim ¢izgisi modelleri, Sekil 3°te goriillmektedir. Riizgar yoniine ¢apraz olarak yerlestirilen konutta
hava akimi 6ncelikle sivri kose ile karsilastigi igin enerjisinde azalma meydana gelmistir. Boylece,
riizgarin bina cephesindeki etkisi azaltilmistir. ilgili projede bina girisi hakim riizgar yoniine direkt
acilmamistir. Bina girigine eklenen riizgarlik ile daha kontrollii bir hava girigi saglanmigtir. Sekil
3’ten de goriilecegi gibi bina girisine ulasan hava yavaslayarak girdap etkisi olusturmakta ve
iklimin sicak etkisi azaltilmaktadir. Kat holiine giren hava, merdiven kovasindan baca etkisi ve
giristen gelen hava akimi ile katlar arasinda etkin havalandirma saglanmaktadir.

Balkon

Zemin Kat Normal Kat
Sekil 3. Kat planlari ve perspektifi iizerinden dogal havalandirma analizi

Binaya ¢apraz olarak pencerelerden giren hava akiminin antreden salona ulagmasi ile etkin
dogal havalandirma saglanmaktadir. Bununla beraber mutfakta hava akiminin diizensizlestigi ve
oda igerisinde doniimlii bir akis olustugu goriilmektedir. Secilen projede antreden ve odalardan
mutfaga yogun hava akisi ulagmaktadir ve bu sayede kirli hava balkondan dogrudan atilmaktadir.
Yatak odalarindan i¢ mekana alinan hakim riizgar kapi acikliklar ile antreye iletilirken mekéanda
dogal hava sirkiillasyonunu da saglanmaktadir. Banyoda ise hava akiminin hizi diismekte ve
mekandan hava ¢ikis1 saglanamamaktadir. Yar1 agik mekén olan balkon ise ihtiyac¢ duyulan riizgar
almamaktadir. Kat holiinde bulunan pencereler ve diisey sirkiilasyon elamani merdiven agikligi,
sayesinde dogal havalandirma zemin kata nazaran daha etkin saglanmaktadir.

27



Fen ve Miihendislik Bilimleri Dergisi

Ihimli-Kuru Iklim Bolgesi: Karaman Ili Ornegi (Moderate-Dry Climate Zone: Example of
Karaman Province)

Bu bolgede Karaman ili, Merkez Ilcesi, Kirbagi Mahallesi 364 konuttan olusan proje

secilmistir. Segilen bolgede riizgar, yaklasik 7 km/h’lik hiz ile giiney-bat1 yoniinde esmektedir.
Sekil 4’te ilgili tip proje vaziyet plan1 ve HR gosterilmistir.
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Sekil 4. Vaziyet Plani ve HR yénii

Bu binada giris riizgar yoniine ters olacak sekilde tasarlanarak i¢ mekandaki havanin disari
atilmasina yardimer olmustur. Ozellikle binaya giris yapan kullanicilar mekan igindeki havadan
etkilenebilmekte ve istenilen 6l¢iide dogal havalandirmamis bu mekanlarda rahatsiz edici kokular
olusabilmektedir. Balkon kapisindan igeri giren hava, pencere bosluklarindan ¢ikmakta ve boylece
capraz havalandirma saglanabilmektedir. Bu sekilde mekén i¢inde de serinletici bir etki
olusmaktadir. Yapiya etki eden hakim riizgér yoniine agilan balkondan dogrudan alinan hava akimi
mutfak i¢inde de tiirbiilansa sebep olmaktadir. Boylece mekéan iginde rahatsiz edici bir hava akimi
olusmaktadir. Hava akisi mutfak mekanindan yatak holiine iletilirken jet etkisiyle hizlanmakta,
mutfaktaki koku ve sicaklik yatma birimlerine kadar ulagsmaktadir. Analiz edilen bu tip projede
dairelerden kat holiine kirli hava akim1 ulagmaktadir. Bu nedenle de kat boyunca taze hava sirkiile
edilememektedir. Islak hacimlerden banyoda da benzer sekilde nitelikli havalandirma
saglanamamaktadir. Bu binada kat hollerindeki hava sirkiilasyonu daire i¢ mekanlarindan,
merdiven kovalarindan ve saftlar arasinda meydana gelen hava akimindan saglanmaktadir. Kat
hollerine agilan pencerelerden ve merdiven kovalarindan iletilen hava ile daire i¢inden gelen hava
akimi, ortak kullanim alanlarinin dogal olarak havalanmasini saglamaktadir. Benzer sekilde katlar
modellenmistir ve Sekil 5’te analiz sonuglarina ait hiz konturlar1 ve akim ¢izgisi modelleri
verilmigtir.
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Zemin Kat Normal Kat
Sekil 5. Kat planlar: ve perspektifi iizerinden dogal havalandirma analizi

Soguk-Iklim Bélgesi: Van Ili Ornegi (Cold-Climate Region: Example of Van Province)
Soguk iklim bolgesi 6zelinde Van ili, Baskale Ilcesi, Yeni Mahalle, 69 konuttan olusan

proje secilmistir. Secilen bolgede riizgar, yaklasik 6 km/h’lik hiz ile giiney-dogu yoniinde
esmektedir. Sekil 6’da ilgili tip proje vaziyet plan1 ve HR gosterilmistir.

Tmniyet Lojmanlart

Sekil 6. Vaziyet Plani ve HR yénii

Diger modellerde oldugu gibi hava akimi ile ilgili yon ve hiz degerleri giris parametreleri
olarak sec¢ilmis ve modeller lizerinden analizler yapilmistir. Sekil 7°de analiz sonuglarina ait hiz
konturlar1 ve akim ¢izgisi modelleri verilmistir. Sekilden de goriilecegi gibi bolgedeki hakim riizgar
secilen yapinin yiizeyine belirli bir a¢1 ile temas etmektedir. Bu sebeple daha dairesel bir hareket
yaparak mekéanlarin i¢ine girmektedir. Segilen binanin girisi hakim riizgara goére arka cephede
kaldig1 i¢in giris kisminda negatif basing olusmaktadir. Bu durum dairelerden ve kat holiinden
1sinarak gelen havanin giristen ¢ikmasina ve soguk donemlerde 1sisal anlamda konforlu bir alan
olusmasini saglamaktadir. Soguk iklim bdolgesinde bulunan Van ilinin kis aylarindaki diisiik
sicakliklart diisliniildiigli zaman balkonun hakim riizgara cephe olmasi bir dezavantajdir. Segilen
bu yapida mutfak mekanina yeterli hava akimi girisi olmakta ve 6zellikle de mekanin koselerinde
etkili bir dogal havalandirma saglanmaktadir. Benzer sekilde salonda bulunan agikliklarin
biiyiiklik ve konumlarinin degisken olmasi da dogal havalandirmanin bu mekanda da etkili bir
sekilde hissedilmesine neden olmaktadir. Ancak, mekan i¢ine direkt giren riizgar oldukea serinletici
etki olusturmaktadir. Van bolgesi i¢in diisliniildiigii zaman bu durumun 1sitma yiikii ve maliyetini
artiracagl da agiktir. Yatak odalarinda i¢ mekan ve pencere acikliklarindan gelen hava girdap
etkisine neden olmaktadir. Cocuk yatak odasinda yavaslayan hava akimi, capraz olarak
havalandirma saglayarak her koseye ulagmakta ve bu durumda oldukca etkili bir dogal
havalandirmanin meydana gelmesini saglamaktadir. Ebeveyn yatak odasinda ise meydana gelen
girdap ve hava akisindaki hiz degisimi olumsuz olarak kullanici konforunu etkilemektedir. Banyo
mekanina diisiik hizla giren hava akim ile yeterli havalandirma olmaktadir. Kat hollerinde hava
akisinin oldukea diizenli hareket ettigi goriilmektedir.
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Zemin Kat Normal Kat
Sekil 7. Kat planilar: ve perspektifi iizerinden dogal havalandirma analizi
Sicak-Nemli Iklim Bélgesi: Mersin Ili Ornegi (Hot-Humid Climate Region: Mersin
Province Example)

Sicak nemli iklim bélgesi 6zelinde Mersin, Mezitli, Mezitli Mahallesi 262 Adet Konuttan
olusan proje secilmistir. Secilen bolgede riizgar, yaklasik 14 km/h’lik hiz ile bati yOniinde
esmektedir. Sekil 8’de ilgili tip proje vaziyet plan1 ve HR gosterilmistir.

Sekil 8. Vaziyet Plani ve HR yonii

Analiz sonuglarina ait hiz konturlar1 ve akim ¢izgisi modelleri gorsel olarak Sekil 9’da
verilmistir.
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Zemin Kat Normal Kat
Sekil 9. Kat planlar: ve perspektifi iizerinden dogal havalandirma analizi

Incelenen bu binada hakim riizgarin yapinin kdsesinden bina igine dagildig: goriilmektedir.
Temiz hava bina girisinden alinmakta ve buradan da kat hollerine aktarilmaktadir. Binanin
salonunda bulunan pencerelerden giren hakim riizgar hava kalitesini artirmaktadir fakat diger
mekanlardan antreye ve buradan da salona gelen hava gerekli taze hava miktarini1 digtirmektedir.
Mutfak ise yatma birimlerinden gelen ve antrede toplanan havanin sirkiilasyonu ile
havalanmaktadir. Bu mekéanda yeterli hava akimi dolasimi olmamaktadir. Bu durumda mutfak
mekaninda rahatsiz edici koku ve yiiksek 1sinin olusumuna neden olmaktadir. Yatak birimindeki
hava aligverisindeki siireklilik ile dogal havalandirma meydana gelmektedir. Ebeveyn yatak
odasinda ise meydana gelen girdap etkisi ve hava akimindaki hiz degisimi kullanici1 konforunu
etkilemektedir. Ozellikle sicaklik artislarinda daha konforlu bir mekidn meydana gelmektedir.
Balkonlarin yar1 agik olarak tasarlanmis olmasi bu mekanlara havanin dogrudan ulasmamasina ve
havalandirma konforunun diismesine neden olmaktadir. Banyoda ise hava giriglerinin ve
cikiglarinin diizenli bir aks {izerinden meydana geldigi goriilmektedir. Kat holiine pencere
acikligindan taze hava gelirken zemin kattaki havanin merdiven boslugunda olusan baca etkisiyle
de bu katlara ulastig1 goriilmektedir. Bu acidan sicak ve nemli iklim bolgelerinde tasarlanacak olan
yapilarda katlarin havalandirilmas1 ve temiz havanin dairelere dagilmasi olduk¢a 6nemlidir ve bu
durum olumlu bir etki olarak degerlendirilmistir.
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Ihimli-Nemli Iklim Bolgesi: Balikesir Ili Ornegi (Moderate-Humid Climate Zone:
Example of Balikesir Province)

IIimli nemli iklim bolgesi 6zelinde Marmara ve Ege denizine kiyis1 bulunan Balikesir ili,
Alt1 Eyliil Ilgesi, Gaziosmanpasa Mahallesi, 726 konuttan olusan proje secilmistir. Ele alinan
bolgede riizgar, yaklasik 23 km/h’lik hiz ile kuzey-dogu yoniinde esmektedir. Sekil 10°da ilgili tip
proje vaziyet plant ve HR gdsterilmistir.

Sekil 10. Vaziyet Plani ve HR yonii

Bina girisinin hakim riizgar yoniinde konumlanmasi, acik dogal havalandirmaya neden
olmast ve nemin dagitilmasi agisindan yapinin girisindeki kullanici konforunu etkilemektedir.
Ayrica giriste yer alan riizgarlik hava akiminin kontrol edilmesini de saglamaktadir. Analiz
sonuclarina ait hiz konturlar1 ve akim ¢izgisi modelleri Sekil 11°de sunulmustur.
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Zemin Kat Normal Kat

Sekil 11. Kat planilar ve perspektifi tizerinden dogal havalandirma analizi

32



Farkly iklim bolgelerinde TOKI tip konutlarinin dogan havalandirma analizi

Bu yapidaki salon agikliklar1 hava giris ¢ikisinin oldukga etkili olmasina neden olmakta ve
ilgili mekan ¢apraz havalanmaktadir. Bu sayede de temiz riizgar akimi ilgili birime girmekte ve
kullanici i¢in de konforlu bir havalandirma olusmaktadir. Yatak odasinda bulunan pencere
acikliklarinin yere kadar inmesi ve acikligin hakim riizgara agilmasi mekana taze hava akimini
getirmekte ve akim kapi boslugundan antreye aktarilmaktadir. Cocuk yatak odasinda meydana
gelen girdap etkisi ve riizgarin hizi sorun olusturabilmektedir. Banyodaki hava déniimlii bir akis
haline gelmektedir ve her ylizeye ulasarak atilmakta bu sekilde de nemin giderilmesi
saglanmaktadir.

Mutfak mekani yeterli olarak havalanmamaktadir. Antreden gelen hava ebeveyn yatak
odasindan capraz olarak gelen hava ile oldukg¢a iyi bir dogal ventilasyon saglamamaktadir.
Meydana gelen girdap etkisi ve ayrica balkondan disar1 ¢ikan hava nem ve kokunun bertaraf
edilmesini saglamaktadir. Balkon birimi, korunakli olmasi nedeniyle etkili bir dogal
havalandirmaya sahip degildir. Ayrica kat holiine pencerelerden ve merdiven kovasindan etkili
temiz hava ulasamamaktadir.

TARTISMA (DISCUSSION)

Calisma kapsaminda belirlenen projelerin modelleri olusturulup veri girisleri yapilarak
mekanlarin dogal havalandirma simiilasyonlar1 elde edilmistir. Farkli iklim bolgeleri i¢in yapilan
analizler sonucunda mekanlarin dogal havalandirma diizeylerinin farklilagtig1 tespit edilmistir.
Farkli iklim bdlgelerinde konumlanan projeler, etkin dogal havalandirma analizleri iizerinden
karsilagtirmali olarak degerlendirilmis ve tablolastirilmistir (Tablo 1). Elde edilen analiz gorselleri
tizerinde havalandirma her mekanda bulunmakta fakat girdap etkisi veya yetersiz hava gibi nedenlerden
dolay1 tabloda “x” simgesi ile isaretlenen mekanlarda etkili ve saglikli bir havalandirmanin olmadig,
tabloda “V” simgesi ile isaretlenen mekanlarda saglikl bir havalandirmanin oldugu ifade edilmektedir.

Tablo 1. [klim bélgeleri-i¢ mekdn dogal havalandirma matrisi

IKLIM Mz TRArT aNTRE MUTFAK salon  YATAK  CYATAK  pivo palion
BOLGESI (KM/H) HOLLERI ODASI ODASI

Sicak-Kuru 6 v v X v v v X X
Imh-Kuru 7 X v X v X X v X
Soguk 6 v v v X X v v X
Sicak-Nemli 14 v v X X v v v X
Ilimh-Nemli 23 v v X v v v v X

Sicak-kuru iklim bolgesi Gaziantep ilinde, bina giriginin hakim riizgar yoniinden verilmesi
kuvvetli hava akiminin i¢ mekana alinmasini saglayarak etkin dogal havalandirmanin
saglanmasinda faydali olmustur. Ilimli-kuru iklim bdlgesi Karaman ilinde ise bina giriginin hakim
riizgarin tersinde kalmasi dolayisiyla i¢c mekana yeterli hava akimi ulasmamaktadir. Ilimhi kuru
iklim bolgesinde bina girisinin hakim riizgara ac¢ilmasi aranirken soguk-kuru iklim bdlgesi Van
ilinde bina girisinin hakim riizgara ters tasarlanmasi; siddetli riizgar, kar yagisi, don etkisi gibi
bulundugu iklim kosullarin olumsuz etkilerinden korunmayi saglamasi sebebi ile olumlu
degerlendirilmektedir. Sicak-nemli iklim bolgesi Mersin ilinde ise hdkim riizgar yoniinde bina
girisinin verilmesi dogal havanin katlara dagilmasini ve riizgarin serinletici etkisinden
faydalanilmasini sagladigi igin tercih edilmektedir. [limli—nemli iklim bolgesi Balikesir ilinde de
bina girisinden hakim riizgér i¢ mekana alinarak hava akimi daire i¢lerine ve katlara ulagmakta ve
dogal havalandirmada etkili olmaktadir. Sicak-kuru, 1limli-nemli iklim bolgelerinde i¢ mekan hava
akimi antrede sirkiile ederek degismekte ve bina iginde ve kat holiindeki olusan farkli basing etkisi
ile dogal havalandirma saglanmaktadir. Soguk-kuru iklim bdlgesinde bulunan Van ili haricinde
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mutfakta etkin dogal havalandirma saglanmamaktadir. Mutfak biriminin havalandirilmasinda
mekanik sistemlere ihtiya¢ duyulmaktadir. Farkli iklim bolgelerinde bulunan ayni plan semasina
sahip projenin hakim riizgar verileri dogrultusunda degerlendirmesinde soguk kuru iklim bolgesi
haricinde mutfak birimlerinin etkin dogal havalandirma saglanmadig: tespit edilmistir.

Farkl1 iklim bélgelerinde yapilan dogal havalandirma analizlerinden elde edilen veriler
yasama birimlerinin etkin dogal havalandirildigin1 gostermektedir. Binalarin cephe tasarimlarinda
pencere agilimlarinin ¢apraz ve karsilikli havalandirmaya imkan verecek sekilde diizenlenmesi
analizlere de olumlu olarak yansimistir. I¢ mekanlarin etkin dogal havalandirmasi insan saglig1 i¢in
biiylik 6nem arz etmektedir.

Banyo birimlerinin dogal havalandirmasinda kapi1 ve baca bosluklar1 yeterli olmaktadir.
Iklim bolgelerinin genelinde yatak odasi pencerelerinin hava akimini i¢ mekana alacak sekilde
diizenlenmesi ile i¢ mekanda hava akiminin dolagimi saglanmaktadir. Balkonlar ilimli-nemli ve
sicak-nemli iklim bdlgelerinde serinleme amaciyla ihtiyag duyulan mekéanlardir. Balkon
birimlerinde dogal havalandirma i¢in hava akiminin sirkiile edemedigi ve etkin dogal
havalandirmanin saglanmadig1 analiz gorselleri {izerinden goriilmektedir. Soguk iklim bdlgesinde
balkonlarin dogrudan hakim riizgara agilmasi, sicak-nemli ve 1liman bolgelerde ise hakim riizgara
ters konumlanmasindan dolay1 balkonlar etkin dogal havalandirma ve kullanici konforu agisindan
olumsuz degerlendirilmistir. Binalarin kat hollerinde bulunan pencereler ve havalandirma
bacasindan gelen hava akimi merdiven kovalarindan diisey yonde iletilmektedir. Incelenen
orneklerin bulundugu illerde hakim riizgar frakli yonlerden mekéana alinarak hava akisi saglanirken,
1sitma ve sogutma problemleri gdz ardi edilmistir. Iklim bolgeleri dzelinde 1sitma ve sogutma
yukiinli azaltici tasarim yaklagimlarinin uygulanmasi da enerji sarfiyati acisindan dikkat edilmesi
gereken onemli bir husustur.

Iklim bolgeleri 6zelinde yapilan dogal havalandirma analizleri dogrultusunda hakim
riizgarin i¢ mekana alinmasi ve hava akiginin siirekliliginin saglanmasi ile etkin dogal
havalandirmanin 1limli-nemli iklim bolgesinde saglandigi tespit edilmistir. Diger iklim
bolgelerinde ise etkin dogal havalandirma i¢in binanin konumu, formu ve cephe tasariminda
pencere kapi1 diizenlemeleri gibi farkli ¢oziimler ile daha iyi sonuglar elde edilebilir.

Bir yapinin yer alacagi iklim bolgesi ile uyumlu tasarimlarin yapilmasi riizgér enerjisinden
olumlu yararlanmay1 ve ayni zamanda riizgarin olumsuz etkilerinden de korunacak sekilde
¢Oziimler iiretmeyi saglamaktadir. Hem havalandirma hem de serinletme amagli mekan ve cephe
tasarimlarinda yer verilen agikliklarin pasif sistem ilkeleri dogrultusunda hava sirkiilasyonunu
saglayacak sekilde diizenlenmesi enerji verimliligi i¢cin de dnemlidir.

SONUCLAR VE ONERILER (CONCLUSIONS AND RECOMMENDATIONS)

Bu calismada yenilenebilir enerji kaynagi olarak riizgarin toplu konut 6zelinde dogal
havalandirmadaki etkisini aragtirmak amaglanmistir. Bu ama¢ dogrultusunda Tiirkiye’de yaygin
olarak uygulanan TOKI’ye ait 2+1 tip konut projesi secilmistir. Tiirkiye genelinde bes farkli iklim
bolgesinde bulunan TOKI tip konut proje modelleri iizerinden Solidworks programinda yer alan
Flow Simulation eklentisi ile dogal havalandirma analizleri yapilmistir. Analizlerden elde edilen
sonuclar asagida kisaca O6zetlenmistir:

e Riizgarin i¢ mekéna alinarak hava akisinin siirekliliginin saglanmasi agisindan ilimli-
nemli iklim bolgesinde etkin dogal havalandirmanin saglandigi tespit edilmistir.

e Soguk-kuru iklim bdlgesi (Van) hari¢ diger tiim bolgelerde binalar HR alacak sekilde
tasarlandiklar1 i¢in dogal havalandirma olusmaktadir. Van ilinde ise bu durum siddetli
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riizgar, kar yagisi ve don etkisi gibi iklim verilerinin negatif etkisini azaltmaktadir.

Bina girisleri hakim riizgar yoniinde konumlanan yapilarda giris esnasinda kullanici
konforu olumsuz etkilenmekle birlikte bina i¢inde daha etkin bir havalandirma
saglanmaktadir.

Secilen projelerde bina cephesinde yer alan pencere bosluklarinin hava sirkiilasyonuna
izin verecek sekilde tasarlanmis olmasinin da etkisi goriilmiistiir. Calismadan elde edilen
sonuglar bes farkli iklim bdlgesinde yer alan tek tip TOKI projesi ile siirli oldugu igin
planlarda yapilacak degisikliklerin de sonuglara etki edecegi agiktir.

Solidworks programinda yer alan Flow Simulation eklentisinin kullaniminin 6zellikle
planlama ve mekanlarin dogal havalandirmasina etkin parametrelerin tespiti i¢in etkin ve
6nemli oldugu goriilmiistiir.

Calisma kapsaminda yapilan analizler 1s1ginda etkin dogal havalandirma icin yeni

tasarlanacak yapilarin tasarim kurgusu icin asagidaki 6nerilerde bulunulabilir;

a) Projelendirme detaylarinda etkin dogal havalandirma icin oneriler;

Soguk iklim bolgelerinde bina tasarimlarinin biitiinciil kareye yakin veya kisa kenarlar
hakim rizgara doniik olarak tasarlanmasi, enerji tasarrufu agisindan iklim bdolgesi ile
uyumlu olmasini saglar. Ayrica bina girislerinin dogrudan hakim riizgira acgildigi
durumlarda riizgarin kontrollii olarak mekana alinmasi ve riizgarlik gibi bir ara mekéan ile
binaya girilmesi riizgarin olumsuz etkisinden korunmak igin tercih edilmelidir. Kat
hollerinde merdiven kovasinda olusan baca etkisinin, cephede olusturulan agiklik ile
desteklenmesi hava sirkiilasyonu imkan vererek etkin dogal havalandirmay1 saglar.

Iliman-nemli ve sicak-nemli iklim bdlgelerinde, bina tasarimlarinda binanin uzun
kenarinin hakim riizgara yonlenmesi ve bu cephede diizenlenen pencerelerden havanin
dogrudan i¢ mekana alinmas1 etkin dogal havalandirma i¢in tercih edilmelidir. Cephe
tasarimlarinda karsilikli ve c¢apraz havalandirmay1 kuvvetlendirecek diizenlemeler
yapilmalidir.

Tim iklim bdlgeleri i¢in mutfak havalandirmasinda mekanik sistemlere ¢ok ihtiyag
olmayacak sekilde ¢apraz havalandirma imkanl diizenlemelerle etkin dogal havalandirma
saglanmalidir. Benzer sekilde hava sirkiilasyonun yon degistirmesine imkan saglayacak
sekilde pencere acikliklar1  diizenlenmeli, giris kapilar1  karsisinda agiklik
tasarlanmamalidir.

Riizgarin cephelerde olusturdugu burgaglar cephede asinmalara ve malzeme kopmalarina
sebep olabilmektedir. Bu noktalarda dayanikli malzeme kullanilmasina dikkat
edilmelidir. Ayrica cephelerde girdaplarin yogunlastig1 bolgelerde kullanici konforunu
olumsuz etkileyen akustik problemler olusabilir. Bu durumlarda giiriiltic yalittimh ve
agsinmaya dayanikli uygun malzeme kullanimi ve form se¢imi yapilmasi uygun olur.

b) Projelendirmede etkin dogal havalandirma icin genel 6neriler;

Yeni tasarimlar yapilirken, rlizgardan pasif olarak yararlanilmaya calisilmali ve cephe
tasarimlarinda pencere diizeni, ebatlari, riizgarin gelis yonii, hiz1 ve i¢ duvarlarin diizeni
analizler ile degerlendirilerek kararlar verilmeli ve dogal havalandirma etkin tasarimlarin
yapilmast icin gerekli diizenlemeler ve kontroller de imar mevzuatlarinca
desteklenmelidir.

35



Fen ve Miihendislik Bilimleri Dergisi

e iklim bolgeleri dzelinde hava akimi i¢ mekana kontrollii olarak alinmalidir. Soguk ve
ilimli-kuru iklim bolgelerinde hakim riizgara direk acilan tasarimlara yer verilmemelidir.

e lleriki calismalarda farkli iklim bdlgelerinde hakim riizgar ydniine gére ayn1 konumlanmis tip
projelerin analizi yapilarak iklim bolgesi 6zelinde riizgarin etkin dogal havalandirmadaki rolii
daha net goriilebilecektir.

e Bu calismadan elde edilen sonuclar sadece riizgar hizi ve yoniine ait verilere bagl
degerlendirilmistir. Gelecek calismalarda nem, sicaklik ve basing gibi i¢ ortam mekan
kalitesine dair parametreler de dikkate alinarak yeni ¢aligmalar kurgulanabilir.
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Yeni yapilacak olan veya mevcut binalarin giiclendirilmesinde deprem ivme hareketleri 6nemli bir rol
oynamaktadir. Bu nedenle, modern deprem tasarim kodlari, uygulama miihendislerine, farkli zemin
siiflart i¢in standart tasarim davranis spektrumu saglamaktadir. Bu ¢alismada, yiiksek depremsellige sahip
Kocaeli bolgesindeki EC8 ve TBDY tasarim davranis spektrumu uygulamalan degerlendirilmektedir. Bu
amagla, oncelikle Kocaeli bolgesinin depremselligi, 17 Agustos 1999 (Kocaeli) depremini de dikkate
alarak, sunulmustur. ikinci olarak, bu iki kodun tasarim davranis spektrumlari birbirleriyle ve dért farkl
zemin sinifinda kaydedilen gergek ivme hareketlerinin spektral davranis egrileri ile karsilastirilmistir. Daha
sonra iki betonarme bina modelleri davranis spektrum analizleri ile incelenmistir. Gegmis sismik hareketler
g0z Oniine alindiginda, bolgenin her zaman biyiikliigi 5.0'den biiyilk olan deprem olaylarina egilimli
oldugu goriilmektedir. Ayrica Kocaeli deprem ivme hareketlerinin zemin ozelliklerine bagli olarak
degistikleri gézlemlenmistir. Bunun yaninda, her iki deprem tasarim kodlar1 da Kocaeli bolgesindeki her
zemin sinifinda gercek spektral degerlerini kapsayan tasarim davranig spektrumu saglamaktadir. Bina
analizlerinin sonuglari, EC8 tasarim tepki spektrumlari ile elde edilen kesme kuvvetlerinin TBEC ve gercek
deprem spektral ivme degerlerinin kullanildigt durumda elde edilen kesme kuvvetlerinden daha
muhafazakar sonuglar verdigi goriilmektedir.
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ABSTRACT

Earthquake input motions perform critical role in the design of new or retrofitting of existing buildings.
Therefore, modern seismic design codes guide engineering practitioners in delivering standard design
response spectra for different soil classes. In this study, the applications of EC8 and TBEC design response
spectra in the high-seismicity region of Kocaeli are evaluated. For that purpose, firstly, the seismicity of
Kocaeli region involving the 17 August 1999 (Kocaeli) earthquake event is presented. Secondly, design
response spectra of these two codes are compared with each other and with the spectral response curves of
the actual input motions recorded at four different soil classes. Later, two reinforced concrete building
models are analyzed by means of response spectrum analyses. Based on past seismic activities, the area is
always prone to earthquake events, possibly occurring with magnitudes greater than 5.0. Also, the
characteristics of the Kocaeli earthquake input motions were shown to be altered by the changes in the soil
deposits. Besides, both seismic design codes are able to provide design response spectra covering the actual
spectral values well at each soil class in the Kocaeli region. The results of building analyses suggest that
the EC8 design response spectra offer more conservative building shear forces, followed by the TBEC and
the actual ones.
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Considerations of design response spectrum involving site effect: Application to the Kocaeli region, Tiirkiye

INTRODUCTION

Involvement of earthquake input motions in the design of structural buildings is very critical
for building functioning after the earthquake event and, most importantly, for life safety. In order
to verify that a structure can be able to retain its stability during seismic excitation, a seismic
performance analysis is required [1]. The analysis involves spectral accelerations that represent
the characteristics of the earthquake events prone to occur in the studied area [2]. The spectral
acceleration values are greatly influenced by the features of the soil where the building is
positioned. Because, depending on the soil characteristics, the frequency content, duration and peak
ground values of the earthquake input motions undergo substantial alterations [3]. Such effects
were reported following previous major earthquake events [4-6]. Therefore, the seismicity of the
site and the local site conditions are pivotal factors shaping the spectral accelerations of an
earthquake event (along with its magnitude) on the ground surface [7].

Seismicity of the site is determined by means of seismic hazard analysis based on the fault
mechanism, occurrence rate and distance of the site to fault points [8]. Well-known attenuation
relationships utilised in the seismic hazard analysis are Abrahamson-Silva [9], Boore [10], Campell
[11], Ambraseys [12] and Idriss [13] models. Once the seismicity of the site is described, the local
site conditions have to be characterized. Subsequently, proper site response analysis involving the
nonlinear soil behavior is necessary to determine local site effect on earthquake input motions.
When sufficient information for a site is unavailable, the average shear wave velocity at the top 30
m (Vs,30) IS suggested to represent seismic soil behavior [14-15]. Vs 3 profile of a site can easily be
attained from in-hole (i.e. Down-Hole or Cross-Hole) or surface (SASW, MASW or Microtremors)
geophysical tests [16]. Else, it can also be depicted from the results of well-known field tests (i.e.
standard penetration or cone penetration tests) [17-18].

Every earthquake event has unique spectral acceleration curves with several spectral peaks
at varying periods. Therefore, one cannot rely on one single spectral acceleration curve in seismic
performance analysis of a building in a specific site [2]. For this reason, there should be a standard
design response spectrum that can represent all possible earthquake events. In the early
developments of a standard response spectrum it was thought that, when considerable number of
earthquake events are available, a general smooth design spectral acceleration curve can be
proposed (e.g., [19-21]). With the increase of the earthquake input motion recordings in parallel
with the technological developments enabling to better investigate soil deposits and fault
mechanisms, the modern seismic design codes, as American Society of Civil Engineering (ASCE)
[22], Eurocode 8 (EC8) [23] and Turkish Building Earthquake Code (TBEC) [24], provide smooth
design response spectra. These seismic design codes involve distinct design response spectrum for
every soil class classified with respect to the Vs 3. When the design response spectrum for the stiff
soil deposits (having relatively higher Vs 30) represents the spectral peaks at shorter periods, it, for
the soft soil deposits, covers the spectral peaks at longer periods [25-27].

The proxy of EC8 design response spectra are discussed by Rey et al. [28]. The study considered
the earthquake input motions from the European Strong Motion Database and recommended different
soil factors than the EC8 ones. Another work dealt with actual input motions archived in the K-Net
Japanese Database. It was suggested to consider the larger spectral plateau than the ones given in the
EC8 design response spectra [29] The studies conducted by Pitilakis et al. [30] and Pitilakis et al. [31]
also proposed new soil factors and design response spectra. In a similar way, the suitability of TBEC
design response spectra was evaluated by considering the Kahramanmaras earthquake events occurred
on February 6, 2023 [32]. It was concluded that the design response spectra are not capable of fully
representing the actual spectral accelerations, especially at longer periods for soft soil deposits. The
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current and previous seismic hazard map over Tiirkiye was studied in terms of acceleration spectrum
intensity (ASI) calculated from the spectral acceleration curves [33]. The results indicated that the ASI
of current design response spectra for soft soil classes (i.e. ZE and ZD) are larger than the previous one
in most of the studied cities, while at other soil classes (i.e. ZA, ZB and ZC) the ASI values increase in
some cities and decrease in others. Similarly, short period and 1 s spectral acceleration values of the
current and previous TBEC design response spectra were compared. It was found that the new version
of the code provide greater spectral values than the previous one in short period when at 1 s the changes
in spectral acceleration values vary depending on the location [34].

Particular interest of this study is an area in Tiirkiye (i.e., Kocaeli region) with high level
of seismic hazard risk, as remembered by the 17 August 1999 Kocaeli earthquake event [35]. In
2018, tTBEC has been modified, particularly, in terms of design response spectrum and seismic
soil classification. These modifications are obviously aimed to better design the buildings by,
partly, better representing the earthquake input motions and the local site conditions. For this
reason, this work aims to address the suitability of the design response spectra recommended by
TBEC 2018 and ECS8 applied in the Kocaeli province, Tiirkiye. The paper carries on by, firstly,
explaining the seismic soil classifications at both codes. Subsequently, the seismicity of the site
inlcuding the site effect observed in the 1999 Kocaeli earthquake event is specifically investigated.
Afterwards, the suitability of code suggested design response spectra is represented by comparing
them, at each soil class, with each other and with the spectral accelerations of the actual earthquake
input motions. Lastly, the seismic performance analyses of 4 and 8 storey buildings are conducted
through design response spectrum analysis method by considering the TBEC, EC8 and actual
response spectrum curves.

EC8 And TBEC Design Response Spectra

In this study, the design response spectra given by TBEC 2018 and EC8 are assessed by
comparing with the actual spectral accelerations of the input motions recorded across Tiirkiye. The
reason to assess the TBEC design response spectra is due to the fact that it is applied in Tirkiye as
the study area and considered actual input motions are within the country. Besides, consideration
of EC8 design response spectra is firstly for comparision purposes. Secondly, it sets up the basis
for seismic design in Europe, in particular in seismically active countries (i.e., Italy, Greece,
Romania).

It should be stressed that in the previous version of the TBEC code (i.e. [36]), the country
was divided into four regions based on different levels of seismic intensity, with each region
experiencing ground acceleration during an earthquake as follows: 0.1g, 0.2g. 0.3g and 0.4g.. In
addition, it included constant corner periods and soil factors for each soil classes (e.g. soil classes
A, B, C and D) in forming the design response spectra (similar approach included in EC8, too). In
contrast, in the new version of the code, every specific location within Tiirkiye has unique PGA
level defined by AFAD through the attenuation laws. Moreover, it defines short (0.2 s) and long
period (1 s) spectral accelerations, used, which, along with the involvement of soil factors,
determine corner periods and spectral accelerations.

The ranges of Vs utilized to classify a soil site are the same in EC8 and TBEC 2018. The
difference lies only in the syllables, due to the fact that TBEC 2018 separates rock soil site into
two groups as shown in Table 1. This study considers the syllables of EC8 in the classification of
the soil site. EC8 makes two different design response spectra for each soil class available, based
on earthquake magnitude. When the magnitude is equal or smaller than 5.5 it is regarded as Type
2. If it is greater than 5.5, it is called as Type 1. On the contrary, TBEC does not differentiate the
design response spectra in respect to the earthquake magnitude.
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Table 1. Shear wave velocity ranges in classifying seismic soil sites provided by EC8 And TBEC 2018

Design code/
Vs 5 (M/s) range >1500 760-1500 360-760 180-360 <180

EC8 A B C D
TBEC 2018 A B C D E
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Figure 1. Tectonic plates and North Anatolian and East Anatolian Fault Zones [37]

Location And Seismicity Of The Site

The country of Tiirkiye is located on the borders between the Anatolian and Euroasian
plates and between the Anatolian and Arabian plates. The relative movement between the Arabian
and Anatolian plates and between the Euroasian and Anatolian plates are regarded as 6-10 mm/yr
and 18.7-21.5 mm/yr, respectively [38-39]. This creates inter-plate fault zones along the plate
borders named as North Anatolian Fault Zone (NAFZ) and East Anatolian Fault Zone (EAFZ).
When NAFZ extends from east to west with 1600 km, EAFZ stretches from east towards southwest
with 500 km, as seen in Hata! Basvuru kaynagi bulunamada..

The seismic intensity levels over the country of Tiirkiye is presented in Hata! Basvuru
kaynagi bulunamada.a. It is clear from the figure that the level of peak ground accelerations (PGA)
are greater at sites closer to the fault zones (being as high as 0.76g). The PGA levels at far distant
sites get lower with a minimum value of 0.071g. The focused site of Kocaeli region is located in
the west-side of the country, neighboring with Istanbul, over NAFZ. The seismic intensity level of
the region is closely shown in Hata! Bagvuru kaynagi bulunamadi.b and is equal to, on average,
0.46g.

43



Journal of Science and Engineering

29°0'E 30°0'E 31°0'E
1

@)

37° N

PGA(g)
£0071-01 ©20.11-02 @ 021-03 m031-04 =m 041-05 =m 051-0.76

Figure 2. (a) Seismic map of Tiirkiye and (b) specifically the Kocaeli Region in terms of PGA level

Figure 3 exhibits the past earthquake eventswithin and around the Kocaeli region. It is obvious
that the greater the magnitude of an earthquake event gets, the rare it takes place. More precisely, the
number of recorded earthquake events with different magnitude ranges is given in Hata! Basvuru
kaynag1 bulunamadi. along with the annual rate of exceedance. When magnitudes between 4-4.5
occurs 143 times past 50 years, for 4.51-5.00 and for 5.10 and 5.50 magnitude ranges, the frequency
values are 29 and 22, respectively. In addition, only 4 earthquake events with magnitude greater than
5.5 have been recorded around the region. This trend is also reflected in the annual rate of exceedance
values getting smaller with the earthquake magnitudes becoming higher.

Table 2. The number of earthquake event occurrences (in 50 years) with specific magnitude ranges around the
Kocaeli Region within the circle of 120 km in radius

Magnitude range 4.00-450 4.51-5.00 5.10-5.50 5.60-6.00 6.10-7.60
Number of occurrences 143 29 22 2 2
Annual rate of exceedance 2.86 0.58 0.44 0.04 0.04

Kocaeli Earthquake Event And Site Effect Observations

One of the most remarkable and devastating earthquake event took place, within the region,
on 17 August 1999 with a moment magnitude of 7.4 [40]. It resulted in 15851 deaths and 43,953
injuries along with estimated 20 billion dollars of economic loss [41-42]. When the epicenter of the
earthquake event was within the Kocaeli region (with latitude 40.76 and longitude 29.97 degrees),
it was felt quite considerably at neighboring cities including the densely populated city of Istanbul.
Hata! Basvuru kaynagi bulunamada. indicates the positons of the stations where the earthquake

44



Considerations of design response spectrum involving site effect: Application to the Kocaeli region, Tiirkiye

input motions were recorded. The changes of PGAs with the epicentral distance are plotted in Hata!
Basvuru kaynagi bulunamadi. along with the empirical models of Campell [43], Idriss [44] and
Ulusay [45]. It is clear that only a single recorded PGA is
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41° N+
D
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Magnitude Magnitude
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Figure 3. Past earthquake events since 1900 with magnitudes ranging from; (a) 4 to 5.5 and (b) from 5.5to 7.6

in line with the Campell and Idriss approaches at epicentral distance of 3.4 km. Neither of the three
empirical approaches can be able to capture the actual recorded PGAs, at epicentral distances
ranging from 36 to 561 km, which are always greater than the empirical predictions. Amongst the
empirical approaches, Campell and Idriss formula follows similar linear PGA predictions with
distance when Ulusay model predictions are almost same from 1 km to 30 km, then draws parabolic
curve with decreasing pattern. This prediction pattern of Ulusay model leads to closer matches
with the actual recordings at distances from 30 to 150 km.
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Figure 4. (a) Location of the 1zmit (Kocaeli) earthquake event and positions of the accelerogram stations
recorded, (b) the change of PGAs with distance compared with empirical approaches

Acceleration-time histories of the input motions of the Kocaeli earthquake event are represented
in Hata! Basvuru kaynag bulunamadi.. The input motions are recorded at soil class of B with Vs, 30
0f 412 m/s (Hata! Basvuru kaynagi bulunamadi.a), 459 m/s (Hata! Bagvuru kaynagi bulunamadi.b)
and 662 m/s (Hata! Bagvuru kayna@ bulunamadi.c) at the epicentral distances of 35.87 km, 94.66
km and 216.49 km, respectively. It is obvious that the seismic waves reach firstly to the closest station
at the distance of 35.87 km. This is followed by the stations at the 94.66 km and 216.49 km epicentral
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distances. Moreover, the far the station gets, the less the acceleration values become. This is due to the
fact that earthquake energy dissipates with distances within the crusts and soil deposits, as reflected in
the recordings of the earthquake event.

Spectral acceleration curves of the input motions recorded at soil classes B and C are represented
in Hata! Basvuru kaynag bulunamadi.a. Spectral acceleration at soil class D is not available since
there was not any station positioned on that soil class. Also, spectral acceleration curve for input motion
recorded on soil class A is not plotted. Because, only one available recording at soil class A has an
epicentral distance of 3.35 km. Therefore, it is thought that this recording may possess near-fault effect.

The input motion with closer epicentral distance (i.e. R=40 km) to the earthquake event has larger
spectral accelerations. At farther distances of 94.66 km and 216.49 km, the values become less.
concerning the site effect, a clear spectral amplification at periods between 1.2 s and 1.5 s is observed
in the recorded input motion at soil class C. In contrast, the two recordings at soil class B exhibit spectral
amplifications at relatively early periods (i.e. less than 1 s). This is clearly reflected in the PGA
normalized spectral acceleration curves illustrated in Hata! Basvuru kaynagi bulunamadu.b.
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Figure 5. Acceleration-time histories of three input motions of the Kocaeli earthquake event recorded at the
same soil class of B with different epicentral distances
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Figure 6. Actual and PGA normalised spectral accelerations (a and b, respectively) of the input motions at soil
classes B and C

ANALYSES AND DISCUSSIONS
Recorded Spectral Accelerations Along With The Code Design Response Spectra

The recorded input motions are from the earthquake events in Tiirkiye and are gathered
from the website of Disaster and Emergency Management Precidency [46]. The actual spectral
accelerations and code given design response spectra for different soil classes are normalized with
respect to the PGA values as implemented in the study of Pitilakis et al. [47]. The geometric mean of
the 150 actual data recorded at four different soil classes and their 16th and 84th percentiles are exhibited
together with the EC8 —Type 1 and TBEC design response spectra (Figure 7). It is clear that the design
response spectra given by both codes for soil classes A, B, C and D (Figure 7a-b-c-d, respectively) cover
the geometric mean of the actual spectral accelerations. Moreover, TBEC 2018 is capable of
representing the 84th percentile of the recorded data for each soil class. While EC8 also reaches same
level of plateau, which is 2.5, but it takes place at the longer periods leading to EC8 not being able to
cover the 84th percentile of the actual spectral accelerations at the shorter periods. This inefficiency of
EC8 design response spectra is particularly obvious in soil classes of A, B and C at period ranges of
0.03-0.15 s, 0.04-0.15 s and 0.04-0.2 s, respectively. In contrast, EC8 design response spectra becomes
better proxy than the TBEC ones at period ranges of 0.2-2.5 s for soil class A, 0.28-2.5 s for soil class
B, 0.4-2.3 s for soil class C and 0.5-2.4 s for soil class D. The extension of the plateau from soil class A
to soil class D is seen in both design response spectra and in the recorded data, as can be interpreted in
Table 3. This is due to the fact that when the soil gets softer, the seismic energy of the input motions is
shifted to the longer periods.
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Figure 7. Normalised real spectral accelerations with their geometric mean and 16th-84th percentiles along
with the design response spectra guided by TBEC 2018 and EC8

Table 3. The corner periods for different soil classes proposed by EC8 And TBEC 2018 and the extent of
the plateau (Tg-Ta)

EC8 TBEC 2018
Soil class A B C D A B C D
Ta 0.15 0.15 0.20 0.20 0.055 0.07 0.10 0.14
Ts 0.40 0.50 0.60 0.80 0.21 0.30 0.40 0.53
Te-Ta 0.25 0.35 0.40 0.60 0.155 0.23 0.30 0.39

Building Models

In order to better demonstrate the disparity between the EC8 and TBEC design response spectra
and actual spectral acceleration curves, two reinforced concrete (RC) buildings are modelled in ETABS
software [48]. 4 and 8 storey building models are formed and analyzed through response spectrum
analyses based on linear elastic approach. Since the objective of building analyses is to illustrate the
discrepancies between the aforementioned response spectrum curves, selection of a set of input motions
in compliance with the spectral curves is not needed. Behavior and overstrength factors are assigned as
8 and 3, respectivelyThe overall height of the models with 4 and 8 storeys are 13.1 m and 25.9 m,
respectively. The periods for the first three modes of 4 storey building model are 0.35s, 0.28 s and 0.218
s and they are equal to 0.582 s, 0.566 s and 0.36 s for 8 storey building model, as seen in Table 4.
Corresponding spectral acceleration values are also demonstrated in Tables 5 and 6 for 4 and 8 storey
building models, respectively. The first 12 modes of the models are considered assuring the mass
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participations of over %95. The modal responses are combined by using square root of sum of squares
(SRSS) method.

Table 4. Periods of the building models at different modes and associated mass participation ratios

Mass Participation Mass Participation

Mode Number Period (s) (for 4 storey building) or 8 storey building)

Period (s) (f

X direction Y direction X direction Y direction

1 0.35 0.8033 0 0.582 0.7637 5.08E-07
2 0.281 0 0.8099 0.566 7.98E-07 0.7148
3 0.218 0.0001 0.0003 0.361 9.26E-07 0.0387
4 0.107 0.1359 0 0.177 0.1257 1.31E-06
5 0.093 0 0.1395 0.167 2.44E-06 0.1289
6 0.071 3.86E-06  2.02E-05 0.108 7.42E-06 0.0035
7 0.055 0.049 0 0.089 0.0554 0
8 0.051 0 0.0418 0.081 0 0.0558
9 0.038 0 1.37E-06  0.054 0.0277 0
10 0.036 0.0118 0 0.051 0 0.0007
11 0.036 0 0.0086 0.049 0 0.0283
12 0.026 0 0 0.038 0.0156 0

Sum 1 1 0.988 0.970

Table 5. Spectral acceleration values at periods of first three modes for 4 storey building model
Savalues (in @)
TBEC EC8 Actual
Soil class Soil class Soil class

A B C D A B C D A B C D
Mode 1-X direction 0.35 0.67 121 138 163 112 135 129 152 031 077 085 155
Mode 2-Y direction 0.28 082 131 138 163 112 135 129 152 040 098 101 1.19
Mode 3-Torsional 0.218 093 132 138 163 112 135 129 152 052 110 112 114

Mode number Period (s)

Table 6. Spectral acceleration values at periods of first three modes for 8 storey building model
Sa values (in g)
TBEC EC8 Actual
Soil class Soil class Soil class

A B C D A B C D A B C D
Mode 1-Y direction 0.58 041 077 114 158 077 116 129 152 015 038 052 1.88
Mode 2-X direction 0.566 042 079 116 159 079 119 129 152 015 040 053 180
Mode 3-torsional 0.36 066 119 138 163 112 135 129 152 030 0.75 0.84 153

Mode number Period (s)
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Figure 9. The plan and three-dimensional views of the 8 storey building rﬁodel

The plan and three dimensional views of 4 and 8 storey buildings are demonstrated in Figs. 8 and
9, respectively. For both building models, 2 kN/m? live loads and 7.7 kN/m? dead loads are assigned.
Compressive strength of concrete and yield strength of rebar is equivalent to 30 MPa and 420 MPa,
respectively. The models are regarded as residential buildings, hence the importance factor is taken as
1. All the structural elements (i.e. columns, beams, shear walls, slabs) are designed in accordance with
the TBEC guidance.

The shear walls and slabs thicknesses through all storeys of both building models are equal to 20
cm and 18 cm, respectively. The length of shear wall sections in the 4 storey building model is 2. In the
8 storey building model, corner shear walls has sectional length of 1.5 m in the x direction and 1.8 m in
the y direction when the shear walls in the middle of the facades has sectional length of 2 m. The detailed
section properties of the beams and columns are summarized in Table 7 and Table 8.
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Table 7. Sizes of columns at different storey levels for the 4 and 8 storey building models including
reinforcement rebars (reinf.)
Model’s name Storey level Columnsize reinf  Explanations

1-3 60x60 22020 Columns connected to shear walls in the y direction
4 storeys 50x50 20020 The remaining columns
4 40x40 16020 All columns
13 65%65 24®20 Outer columns
60x60 22®20 Inner columns
4-7 60%60 22020 Outer columns
8 storeys 50%50 20020 Inner columns
8 50x50 20020 Outer columns
40x40 16020 Inner columns

Table 8. The beam sizes at different storey levels and at different connections for the 4 and 8 storey building
models including top and bottom reinforcement rebars (reinf.)

Model’s Storey Beam Top Bot

name level size reinf reinf Explanations

All column to column connections and column to
shear wall connections in the x direction
1-3 40%x60 4920 4920

4 3020 3020 Column to shear wall connections in the y direction

1-5 40x60 4®20 4®20 Column to shear wall and shear wall to shear wall
8 storeys 6-8 30x50 4020 4®20 connections
1-8 30x50 3D20 4020 Column to column connections

1-5 30%50 3920 3020
4 storeys

Results of Response Spectrum Analyses

Figure 10 and Figure 11 exhibit the resulting shear forces acted on different storey levels of
building models obtained from response spectrum analyses. In each figure represented in this section,
subsections (a), (b), (c) and (d) contain the shear forces attained by considering soil classes A, B, C and
D design response spectra of associated codes or actual earthquake data. The shear forces at the 4 storey
building model obtained by using the EC8 design response spectra are greater than the shear forces from
the TBEC or actual response spectra when class A soil deposit is considered (Figure 10a). At soil class
B (Figure 10b), the EC8 design response spectrum results in slightly larger shear forces than the TBEC
ones. Specifically, the shear forces for these two design codes are 1342 kN and 1250 kN, respectively.
At soil classes of C and D (Figs. 10c-d), the TBEC design response spectra give bigger shear forces than
EC8 ones and are equal to 1283 kN and 1380 kN at soil class C and 1506 kN and 1597 kN at soil class
D, correspondingly. In contrast, at all soil classes, the actual spectral response curvesgive relatively
smaller values, being 369 kN, 869 kN, 922 kN and 1372 kN at soil classes A, B, C and D, accordingly.

Similar patterns in the shear forces according to the different spectral acceleration curves are
observed when the 8 storey building model is analyzed, as seen in Figure 11. The shear forces from the
EC8 design response spectra are 1302 kN and 2008 kN at soil classes A and B, respectively (Figs. 11a-
b). At the same soil classes, the shear forces are 742 kN and 1340 kN with the use of the TBEC design
response spectra. The similarities of shear forces from the EC8 and TBEC design response spectra are
pronounced, more clearly, at soil classes of C and D (Figs. 11c-d). At all soil classes, the actual response
spectra conclude the minimum shear forces on the building model. The shear forces from the actual

51



Journal of Science and Engineering

Soil class A Soil class B
24 ‘ T ‘ T ‘ T ‘ 24 T ‘ T ‘ T ‘
T e EC8 7 r 7
20 — a TBEC — 20 — —
L x Record @ | L () |
g 16 — — g 16 — —
Io) | ] @ [ b
o 12 - D 12 M -
S - . S o oxax R
(@] (@]
L 8- - L 8 -
4 = 4 - =
0 A A Y O IR N 0 RN E ' S R B
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Shear force (kN) Shear force (kN)
Soil class C Soil class D
24 T ‘ T ‘ T ‘ 24 T ‘ T ‘ T ‘
20 — — 20 —
| (c) | | (d |
E 16 |~ — E 16 —
s | s |
3 12 - m - F12- m .
o) F ox ek . o - Xk R
o o
L 8- - L 8- _
4 - = 4 - =
0 N I A B O U R 0 P R T
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Shear force (kN) Shear force (kN)

Figure 10. Shear force distributions, along the 4 storey building model, from the building analyses conducted by
considering the EC8, TBEC design response spectra and actual spectral response curves at different soil classes

response spectra are 303 kN at soil class A, 684 kN at soil class B, 857 kN at soil class C and 2084 kN
at soil class D. This can be attributed to the fact that the spectral acceleration value of actual spectral
spectrum at around the fundamental period of the 8 storey (and also 4 storey) building model is lower
than the EC8 and TBEC design response spectra, indicating the lower shear forces. This clearly reflects
the direct relation between the spectral acceleration and the building response. Therefore, the spectral
acceleration is always considered to be better proxy regarding the involvement of earthquake effect in
the seismic design/retrofitting of building structures.

Regardless of which type of design response spectrum considered, the shear forces acted on the
building models are always increasing with the soil becoming softer (i.e. from A to D), as can be depicted
from Table 9. For instance, the 4 storey building model is forced by 1075 kN when the EC8 design
response spectrum for soil class A is taken into consideration. This value is equal to 1342 kN, 1283 kN
and 1506 kN on soil classes B, C and D, respectively. In the same way, concerning the shear forces on
the 8 storey building model in accord with the TBEC design response spectra, it is 742 kN, 1340 kN,
1965 kN and 2634 kN when the building model positioned on top of soil classes A, B, or D,
correspondingly. Likewise, as the actual response spectrum is used, 303 kN, 684 kN, 857 kN and 2084
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Figure 11. Shear force distributions, along the 8 storey building model, from the building analyses conducted by
considering the EC8, TBEC design response spectra and actual spectral response curves at different soil classes

kN shear forces are imposed to the 8 storey building model if it is located on soil classes of A, B, C or
D, appropriately.

Table 9. Total shear forces (in kN) acted on 4 and 8 storey building models when EC8, TBEC or actual
spectrum applied at different soil classes

Soil class
Storey number Code name A B C D
EC8 1075 1342 1283 1506
4 TBEC 748 1250 1380 1597
Actual 369 869 922 1372
ECS8 1302 2008 2174 2552
8 TBEC 742 1340 1965 2634
Actual 303 684 857 2084
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CONCLUSIONS

This work, firstly, concentrates on the seismicity of the Kocaeli region and the input motion
recordings of the Kocaeli earthquake event related to the site effect. Following that, the design response
spectra given by two seismic design codes, TBEC 2018 and ECS, are explained. The code given design
response spectrum for each seismic soil class is compared with the spectral accelerations of actual
earthquake input motions recorded across Tiirkiye. Then, the applications of the TBEC 2018 and EC8
design response spectra (as well as the actual response spectra) to the 4 and 8 storey building models
are illustrated by locating the building models in different soil classes. The building models are analyzed
by means of ETABS software based on the response spectrum analysis method. The main conclusions
of the research are as follows:

e The earthquake input motions are significantly influenced by the characteristics of the soil
deposits. Therefore, it is always beneficial to conduct site-specific response analysis when a
soft soil deposit (i.e., soil classes of C and D) is available.

e  The spectral response spectra of the actual input motions recorded at all soil classes are well
captured by the design response spectra of both codes.

o Atall soil classes, the EC8 design response spectra have plateau starting at relatively longer
periods than the TBEC design response spectra. The second corner periods of the plateau at
the EC8 design response spectra always greater than that of the TBEC design response
spectra, especially for soil classes A and B.

e This results in the EC8 design response spectrum at each soil class owning wider plateau
than the TBEC design response spectrum.

e The building model analyses also reflect that the actual spectral acceleration curves results
in smaller shear forces, followed by TBEC and then EC8 design response spectra at the same
soil type.

e As expected, the softer the soil(from A to D), the greater the shear forces acting on the
building models.
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Kiral, stereosegici ya da enantiyosegici sentez olarak tanimlanan asimetrik sentez bir veya daha fazla
stereojenik merkez bulunduran kiral bilesiklerin sentezlenmesini saglayan organik sentez tiiriidiir. Bir
molekiilin farkli enantiyomerleri genellikle birbirlerinden farkli biyolojik aktivite gosterdiklerinden
dolay1, asimetrik sentez konusu ilag kimyasi ve organik kimyada olduk¢a 6nemli bir konudur. Kiral 6zellik
gostermeyen bilesiklerden kiral bir bilesik sentezleme yontemleri arasinda en ¢ok tercih edilen
yontemlerden biri kiral katalizér kullanimidir. Bu ¢alismada anthron ve farkli nitrostiren tiirevlerinin
kullanildig1 asimetrik Michael tepkimesinde kullanilmak tizere literatiirde bulunmayan bir kiral katalizor
sentezlenmistir. Oncelikle kiral katalizériin baslangic maddesi olarak literatiirde bulunan
diazadioksookaliks[2]aren[2]triazin sentezlenmistir. Sentezlenen baslangic maddesi ile (S)-(+)-1-
siklohekziletilamin tepkimeye sokularak enantiyoselektif tepkimede kiral katalizor olarak kullanilacak olan
madde elde edilmistir. Caligma siiresince yapilan tiim reaksiyonlar ince tabaka kromatografisi ile izlenmis
ve elde edilen maddeler kolon kromatografisi ile saflagtirlmistir. Saflagtirilan iiriinler FTIR, *H NMR ve
33C NMR ile aydmlatilmis ve optik ¢evirme agilan dlgiilmiistiir. Sentezlenen katalizér asimetrik Michael
reaksiyonunda denenmis, yiiksek verim ve yiiksek enantiyosegicilik elde edilmistir (%95 verim ve %98
ee).
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ABSTRACT

Asymmetric synthesis, also known as chiral, enantioselective or stereoselective synthesis, is an organic
synthesis which allows the formation of chiral compounds containing one or more stereogenic centers.
Since different enantiomers of a molecule usually show different biological activity from each other,
asymmetric synthesis is a very important topic in the pharmaceutical industry and organic chemistry. One
of the most preferred methods to obtain a chiral compound from non-chiral compounds is the use of chiral
catalysts. In this study, a chiral catalyst, which is not available in the literature, was synthesized for use in
the asymmetric Michael reaction using anthrone and different nitrostyrene derivatives. First,
diazadioxocalix[2]arene[2]triazine, which is available in the literature, was synthesized as the starting
material of the chiral catalyst. (S)-(+)-1-cyclohexylethylamine was reacted with the synthesized starting
material to obtain the substance to be used as a chiral catalyst in the enantioselective reaction. During the
study, all reactions were monitored by thin layer chromatography and the obtained substances were purified
by column chromatography. The structures of the purified products were elucidated by FTIR, *H NMR and
13C NMR techniques and optical rotation angles were measured. The synthesized catalyst was tested in
asymmetric Michael reaction and high yields and high enantioselectivity were obtained (95% yield and
98% ee).
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Chiral diazadioxocalix[2]arene[2]triazine-based derivative as organocatalyst for enantioselective Michael
reaction of nitrostyrenes with anthrone

INTRODUCTION

Chiral compounds play an important role in biochemical systems, pharmaceuticals, organic
synthesis and many chemical applications. These compounds are used in various analytical, synthetic
and industrial applications due to their optically active properties [1-5]. The stereoselective synthesis of
chiral substances is becoming increasingly important due to their applications in the pharmaceutical
industry. Among the methods of obtaining a chiral compound from non-chiral compounds, the use of
chiral catalysts has a number of advantages over other methods. The number of studies on the synthesis
of chiral catalysts and their use in reactions is increasing day by day [6-10].

Chiral compounds can generally sythesized by four different strategies. The use of chiral
catalysts and optical resolution are important among them. Optical resolution is realized by the
consumption of only one enantiomer of a racemic compound by microorganisms or by converting it into
a diastereoisomeric salt by interacting with a chemical containing a single enantiomer [11-12]. The use
of a chiral catalyst has become one of the most preferred effective methods by researchers; it is a strategy
to obtain predominantly a stereocisomer by acting on a reaction that normally yields products as racemic
mixtures [13-14].

Since many biological systems contain amine, amino alcohol, carboxylic acid and amino acid
groups, the enantiomeric recognition of these compounds is of particular importance. Such studies
contribute to the understanding of the function of natural living systems and provide useful information
for the design of asymmetric catalysis systems and new drugs [15-17].

In recent years, we have reported the synthesis of substituted calix[2]arene[2]triazine bearing
various chiral subunits, their use as chiral organocatalysts in different stereoselective reactions and their
catalytic activities [18-21].

In this paper, the synthesis of a chiral diazadioxocalix[2]arene[2]triazine derivative from (S)-
(+)-1-cyclohexylethylamine and its catalytic application in the Michael reaction between anthrone and
various aromatic nitrostyrenes were described. To the best of the authors’ knowledge, the catalytic
application of the diazadioxocalix[2]arene[2]triazine derivative in the asymmetric Michael reaction of
anthrone with various nitrostyrenes is reported for the first time.

MATERIALS AND METHODS
Synthesis and Use of Catalyst

Heteroatom bridged diazadioxocalix[2]arene[2]triazine was synthesized in according to
the procedure published by Wang et al. [22-23].

Procedure for the Synthesis of 2

To the obtained solution of diazadioxocalix[2]arene[2]triazine (1) (0.5 mmol) in
tetrahydrofuran (20 mL) was added the solution of (S)-(+)-1-cyclohexylethylamine (1.1 mmol)
and N,N-Diisopropylethylamine (2.2 mmol) prepared in tetrahydrofuran (20 mL). The reaction
mixture was refluxed for 28 h and then THF was removed. Finally, the product was purified by
flash chromatography (Hexane/EtOAC).
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Figure 1. The synthesis of chiral catalyst 2

(2): Crystalline Solid; 74% vyield; [a]3® =-14.45 (c=1.0, CHCI3); mp.: 311-313 °C;
FTIR (cm™): 3270, 2973, 1579, 1484, 1378; 'H NMR (400 MHz, CDCls): 6 7.94-7.78 (m, 4H,
ArH), 7.62-7.51 (m, 2H, ArH), 7.43-7.35 (m, 2H, ArH), 4.21-3.93 (m, 2H, methyl-CH-NH),
1.62-1.54 (m, 10H, cyclohexyl H), 1.46 (d, J=7.8, 6H, methyl H), 1.44-1.29 (m, 12H,
cyclohexyl H), NH-signals not found; 3C NMR (100 MHz, CDCls): 6 = 165.72, 163. 20,
159.82, 157,93, 137.18, 132.13, 127.83, 118.53, 117.52, 110.10, 103.18, 59.35, 52.63, 40.92,
29.15, 25.85, 20.85; Anal. Calcd. for C34H42N10O2 (622.77): C, 65.57; H, 6.80; N, 22.49%.
Found: C, 65.73; H, 6.61; N, 22.60%.

Procedure for 5a-5j

To a solution of nitrostyrene derivatives (4a-j) (0.4 mmol) and catalyst 2 (10% mol) in toluene
(4 mL) was added anthrone (3) (0.48 mmol). The reactions were stirred at room temperature for a certain
time and monitored by TLC. The completed reaction mixtures were concentrated. The residues were
purified by column chromatography (5a-j). The obtained products were compared with the literature
[24-25]. The ee of the pure products was determined by HPLC using chiral columns and compared with
the reported data. Non-chiral catalysts were used for the preparation of racemic Michael products.

5a [24]: White solid, yield 95%; ee 95%, [a]3° = +25.0 (c 0.5, CHCl3); mp.: 145°C-147°C;
HPLC (AS-H); Hexane/ IPA: 90/10; 254 nm; 0.7 mL/min; tz major: 16.55, minor: 19.45.

5b [25]: White solid, yield 85%; ee 93%, [a]2® = -4.5 (¢ 0.2, CHCl3); mp.: 68°C-70°C; HPLC
(OD-H); Hexane/ IPA: 70/30; 254 nm; 1.0 mL/min; tmajor: 15.25, minor: 18.02.

5¢ [25]: White solid, yield 93%; ee 89%, [a]3° =—8.7 (¢ 0.9, CHCls); mp.: 128°C-130°C; HPLC
(AS-H); Hexane/ IPA: 80/20; 254 nm; 1.0 mL/min; tsmajor: 11.75, minor: 14.72.

5d [25]: White solid, yield 92%); ee 96%, [a]%> = +6.7 (¢ 0.7, CHCls); mp.: 62°C-64°C; HPLC
(AS-H); Hexane/ IPA: 80/20; 254 nm; 1.0 mL/min; tr major: 10.55, minor: 13.25.

5e [25]: White solid, yield 93%; ee 98%, [a]%® = +33.7 (c 0.6, CHCls); mp.: 114°C-116°C;
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HPLC (AS-H); Hexane/ IPA: 80/20; 254 nm; 1.0 mL/min; tr major: 14.68, minor: 17.51.

5f [24]: White solid, yield 88%; ee 82%, [a]3° = +32.8 (¢ 0.5, CHCI3); mp.: 173°C-171°C;
HPLC (AS-H); Hexane/ IPA: 70/30; 254 nm; 1.0 mL/min; tz major: 10.11, minor: 12.12.

59 [24]: White solid, yield 91%); ee 84%, [a]3° = +25.2 (c 0.5, CHCl3); mp.: 166°C-168°C;
HPLC (AS-H); Hexane/ IPA: 90/10; 254 nm; 1.0 mL/min; tr major: 21.32, minor: 25.52.

5h [24]: White solid, yield 83%; ee 90%, [a]3®> = +17.5 (c 0.7, CHCls); mp.: 117°C -118°C;
HPLC (OD-H); Hexane/ IPA: 80/20; 254 nm; 1.0 mL/min; tzs major: 25.42, minor: 20.12.

5i [24]: White solid, yield 92%; ee 88%, [a]3° = +25.8 (¢ 0.6, CHCI3); mp.: 157°C-159°C;
HPLC (AS-H); Hexane/ IPA: 90/10; 254 nm; 1.0 mL/min; tr major: 15.85, minor: 17.97.

5j [24]: White solid, yield 90%; ee 89%, [a]3° =—14.7 (¢ 0.2, CHCls); mp.: 66°C-68°C; HPLC
(OD-H); Hexane/ IPA: 80/20; 254 nm; 1.0 mL/min; tmajor: 12.84, minor: 16.02.

RESULTS AND DISCUSSION

In order to reach the target molecule, we first prepared diazadioxocalix[2]aren[2]triazine in
specific steps using suitable starting materials [22-23]. To synthesize the target molecule,
diazadioxocalix[2]aren[2]triazine (1), (S)-(+)-1-cyclohexylethylamine and N,N-Diisopropylethylamine
(DIPEA) were reacted efficiently in THF at room temperature. As a result of this reaction, chiral 2
shown in Figure 1 was obtained. The obtained material was characterized by methods such as FTIR, *H
NMR and *C NMR.

The infrared spectra of catalyst 2 have been recorded and analyzed. The NH stretching modes
of catalyst were observed in the region 3270 cm™ and C-H stretches were observed in the region 2973
cm. Additionally, the observed band at 1579 cm™ in the FT-IR spectrum was assigned to the aromatic
C=N and band at 1484 cm™ was assigned to the aromatic C=C stretching modes.

Table 1. Michael Addition Reaction 3 and 4a with Catalyst 2 in Different Solvents

(0]
NO catalyst 2 (10 mol %)
YT - o s
3 4a
Entry® Solvent Time (d) Yield (%) ee (%)> ¢
1 THF 4 91 91
2 Toluene 4 95 95
3 CH3CN 2 93 89
4 CCly 4 90 87
5 1,4-dioxane 4 87 86
6 DMF 2 85 81
7 Et,O 4 93 92
8 CHCIs 4 92 92
9 Acetone 2 92 90
10 CHCl, 3 93 91
11 i-PrOH 2 88 89

2 Conditions: 3 (0.48 mmol), 4 (0.40 mmol) and 2 (10 mol%) in solvents (4.0 mL).  Results were determined using HPLC.
Configuration and retention time were determined by comparison with the literature data. ¢ All products obtained in R
configuration.

The obtained diazadioxocalix[2]arene[2]triazine-based compound was used as a catalyst in
Michael addition, which is an enantioselective reaction, in order to learn the catalytic activity of catalyst
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2. The reaction of trans-g-nitrostyrene with anthrone was shown in Table 1. The synthesized catalyst 2
was tested in this reaction, and the results obtained were reported in Table 1. Various solvents were
tested to determine the most suitable solvent to be used in Michael addition. The highest yield and
enantiomeric excess were obtained in the presence of toluene (entry 2).

Table 2. Additive Effect for Michael Addition of 3 to 4a Catalyzed by 2

[0}
NO catalyst 2 (10 mol %)‘
* Ph/\/ ’ toluene "
additive (10%)
3 4a
Entry? Additive Time (d) Yield (%) ee (Yo)> ¢
1 None 4 95 95
2 DMAP 4 93 &9
3 AcOH 4 85 88
4 PhCOOH 4 84 90
5 Pyridine 4 92 88
6 p-TsOH 4 83 90

2 Conditions: 3 (0.48 mmol), 4 (0.40 mmol), additive (10 mol%) and 2 (10 mol%) in toluene (4.0 mL). P Results were
determined using HPLC. Configuration and retention time were determined by comparison with the literature data. ¢ All
products obtained in R configuration.

The same reaction was carried out at -20 °C and 0°C with toluene, as shown in Table 3. However,
both the yield and enantiomeric excess were found to decrease. The experiments revealed that room
temperature was the ideal temperature for this process (Table 3, entry 3).

We then added recycled catalyst 2 to the Michael addition and observed the results. The results
obtained showed a decrease in yield and enantiomeric excess (Table 3, entry 4).

To investigate the effect of the amount of catalyst on the addition reaction, we added 15 mol%
and 5 mol% catalyst to the reaction and observed the results. After these experiments, we decided that
the optimum amount of catalyst was 10%. (Table 3, entries 5 and 6).

All our experimental studies have showed that catalyst containing bulky heteroatom bridged
calixarene platform is highly effective on enantioselective addition reactions.

Table 3. Various Reaction Conditions for Michael Addition of 3 to 4a Catalyzed by 2

O
NO catalyst 2 (10 mol %)‘
+ Ph/\/ ? toluene o
3 4a
Entry® Temp. (°C) Time (d) Yield (%) ee (%)™
1 -20 5 82 86
2 0 4 85 88
3 r.t. 4 95 95
44 r.t 4 90 91
5¢ r.t. 4 94 95
6f r.t. 4 93 93

2 Conditions: 3 (0.48 mmol), 4 (0.40 mmol) and 2 (10 mol%) in toluene (4.0 mL). P Results were determined using HPLC.
Configuration and retention time were determined by comparison with the literature data. ¢ All products obtained in R
configuration. 4 Recycled catalyst was used in the reaction. ¢ 15 mol% catalyst. f 5 mol% catalyst.

The results showed that the ideal conditions were toluene as a solvent, 10 mol% catalyst loading,
room temperature, reaction time of four days and no additional additives.
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The obtained chiral catalyst was used in the Michael reaction of anthrone with aromatic
nitrostyrene derivatives under optimized conditions. In the experiments performed with the chiral
catalyst 2, Michael products (5a-5j) were obtained with high yield (83%-95%) and excellent
enantioselectivity (82%-98%) (Table 4).

Table 4. Asymmetric Michael Reaction of 3 to Various Aromatic Nitrostyrenes with Chiral Catalyst 2

(0]
catalyst 2 (10 mol %)‘
SOOI
3 4a-j
5a-j
Entry® Ar Time (d) Product Yield (%) ee (Y%o)>©
1 CsHs 4 5a 95 95
2 2-NO»-CgH4 3 5b 85 93
3 2-CH30-CsH4 3 Sc¢ 93 89
4 2-Br-CeHy 2 5d 92 96
5 3-Br-C¢Hy4 2 Se 93 98
6 4-F-CgH4 4 5f 88 82
7 4-Cl-CeH4 4 5¢g 91 84
8 4- CH30-CsH4 3 5h 83 90
9 4-Me-CsHa 3 5i 92 88
10 2,4-Cl,-C¢H3 4 5j 90 89

2 Conditions: 3 (0.48 mmol), 4a-j (0.40 mmol) and 2 (10 mol%) in toluene (4.0 mL).P Results were determined using HPLC.
Configuration and retention time were determined by comparison with the literature data. ¢ All products obtained in R
configuration.

DISCUSSION AND CONCLUSIONS

In conclusion, a novel chiral catalyst based on diazadioxocalix[2]arene[2]triazine for the
asymmetric Michael addition of anthrone to various nitrostyrenes has been synthesized. The
reaction provided the Michael adducts with high yield values (95%) and high enantioselectivity
values (98%). According to the data obtained from the study, the chiral catalyst is a highly effective
catalyst for the Michael reaction under catalytic asymmetric reaction conditions. Further
investigation of this catalyst in other asymmetric reactions is currently on going in our laboratory.
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13C NMR spectra of catalyst 2
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5a: (R)-10-(2-nitro-1-phenylethylanthracen-9(10H)-one [24]

FTIR (cm™): 1673, 1602, 1543, 1312, 928; ‘H NMR (400 MHz, CDCls): 9 8.03 (d, J = 7.8 Hz,
1H), 7.94 (d, J = 7.6 Hz, 1H), 7.65-7.54 (m, 2H), 7.51-7.42 (m, 4H), 7.12 (t, J = 7.8 Hz, 1H), 6.91 (t, J
= 7.6 Hz, 2H), 6.00 (d, J = 7.8 Hz, 2H), 4.86 (dd, J = 13.0, 9.1 Hz, 1H), 4.58 (dd, J = 13.3, 7.3 Hz, 1H),
4.51(d, J = 3.8 Hz, 1H), 4.08-4.01 (m, 1H); 13C NMR (100 MHz, CDCls): 6 183.5, 143.3, 138.7, 134.2,
133.6, 132.9, 132.7, 131.8, 128.8, 128.4, 128.3, 128.2, 128.0, 127.7, 126.7, 126.2, 75.4, 52.7, 46.9.

5b: (R)-10-(2-nitro-1-(2-nitrophenyl)ethyanthracen-9(10H)-one [25]

FTIR (cm™):1668, 1602, 1551, 1528, 1311, 934; *H NMR (400 MHz, CDCls): § 7.88 (dd, J =
13.8, 7.7 Hz, 2H), 7.60-7.46 (m, 6H), 7.37-7.27 (m, 3H), 6.71-6.68 (m, 1H), 5.29 (dd, J = 13.8, 5.4 Hz,
1H), 5.12 (dd, J = 13.4, 10.3 Hz, 1H), 4.85 (d, J = 5.3 Hz, 1H), 4.77-4.71 (m, 1H); *C NMR (100 MHz,
CDCls): § 182.1, 150.1, 140.8, 139.9, 134.2, 132.8, 132.3, 132.1, 131.8, 129.6, 129.3, 129.0, 128.8,
128,2, 127.7, 1275, 126.3, 125.7, 124.9, 77.8, 46.5, 44.8.

5c: (R)-10-(1-(2-methoxyphenyl)-2-nitroethyanthracen-9(10H)-one [25]

FTIR (cm™): 1660, 1602, 1558, 1507, 1322, 927; 'H NMR (400 MHz, CDCls): 5 7.89 (m, J =
7.8 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.62-7.58 (t, J = 7.4 Hz, 2H), 7.50-7.40 (m, 4H), 7.13 (t, J = 7.5
Hz, 1H), 6.72 (d, J = 8.2 Hz, 1H), 6.53 (t, J = 7.4 Hz, 1H), 6.02 (d, J = 6.8 Hz, 1H), 4.43 (d, J = 5.7 Hz,
1H), 3.82 (s, 3H), 3.60 (M, 1H), 3.01 (d, J = 6.8 Hz, 2H); *C NMR (100 MHz, CDCls): 5 182.9, 156.8,
143.6,141.3, 132.2, 131.8, 129.6, 129.3, 128.4, 128.1, 127.8, 126.6, 125.6, 124.5, 121.4, 120.6, 108.3,
75.3, 5.8, 46.2, 44.8.

5d: (R)-10-(1-(2-bromophenyl)-2-nitroethyl)anthracen-9(10H)-one [25]

FTIR (cm™"): 1657, 1597, 1554, 1321, 936; *H NMR (400 MHz, CDCls): 6 7,86 (d, J = 7.8 Hz,
1H); 7.65-7.52 (m, 5H), 7.37-7.30 (m, 2H), 7.14-7.11 (m, 2H), 6.62-6.59 (m, 1H), 5.14 (dd, J = 13.8,
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5.5 Hz, 1H), 5.02-4.90 (m, 1H), 4.83 (d, J = 5.6 Hz, 1H), 4.00-3.96 (d, J = 6.8 Hz, 2H); *C NMR (100
MHz, CDCLs): § 181.4. 141.3, 139.6, 135.2, 133.3, 132.5, 132.3, 131.8, 130.1, 129.5, 129.0, 128.3,
127.6,126.8, 126.1, 126.0, 76.9, 49.7, 45.2.

5e: (R)-10-(1-(3-bromophenyl)-2-nitroethyl)anthracen-9(10H)-one [25]

FTIR (cm™'): 1662, 1659, 1549, 1315, 935; 'H NMR (400 MHz, CDCls): 9 8.17 (d, J = 7.8 Hz,
1H), 8.03 (d, J = 7.7 Hz, 1H), 7.70-7.64 (m, 2H), 7.59-7.42 (m, 4H), 7.29 (d, J = 8.8 Hz, 1H), 6.55 (m,
2H), 5.56 (m, 1H), 4.86 (d, J = 6.6 Hz, 1H), 4.60-4.56 (m, 1H), 3.57 (d, J = 6.8 Hz, 2H); 3C NMR (100
MHz, CDCls): & 183.2, 142.6, 139.3, 135.6, 134.8, 133.7, 133.2, 132.8, 131.8, 131.5, 129.5, 128.7,
128.4, 128.3, 128.2, 127.4, 127.1, 126.8, 121.8, 76.2, 54.0, 46.8.

5f: (R)-10-(1-(4-fluorophenyl)-2-nitroethyanthracen-9(10H)-one [24]

FTIR (cm™): 1655, 1601, 1547, 1512, 1333, 932; *H NMR (400 MHz, CDCls): ¢ 8.05 (d, J =
7.8 Hz, 1H), 7.88 (d, J = 7.4 Hz, 1H), 7.70-7.66 (m, 2H), 7.54-7.42 (m, 4H), 6.71 (t, J = 8.6 Hz, 2H),
5.95 (dd, J = 8.6, 5.4 Hz, 2H), 4.88 (dd, J = 13.2, 9.2 Hz, 1H), 4.58 (dd, J = 13.1, 7.4 Hz, 1H), 4.45 (d,
J=3.7 Hz, 1H), 4.05-4.00 (m, 1H); 3C NMR (100 MHz, CDCl5): § 182.6, 161.7, 142.3, 138.7, 134.4,
133.4, 132.6, 131.8, 131.1, 129.4, 128.8, 128.4, 128.2, 128.0, 127.8, 127.5, 127.2, 115.3, 114.6, 75.6,
53.7, 47.3.

50: (R)-10-(1-(4-chlorophenyl)-2-nitroethyl)anthracen-9(10H)-one [24]

FTIR (cm™): 1657, 1612, 1551, 1326, 932; 'H NMR (400 MHz, CDCls): 5 8.07 (d, J = 7.8 Hz,
1H), 8.02 (d, J = 7.9 Hz, 1H), 7.66-7.60 (m, 2H), 7.56-7.42 (m, 4H), 6.89 (d, J = 8.4 Hz, 2H), 6.02 (d, J
= 8.6 Hz, 2H), 4.66 (d, J = 6.8 Hz, 1H), 4.48 (d, J = 3.4 Hz, 1H), 4.02 (d, J = 6.8 Hz, 2H); ®C NMR
(100 MHz, CDCls): § 182.7, 141.6, 138.3, 134.5, 134.2, 133.2, 132.7, 132.4, 131.8, 130.2, 128.5, 128.2,
128.0, 127.8, 127.5, 127.3, 127.0, 126.7, 75.4, 52.4, 46.8.

5h: (R)-10-(1-(4-methoxyphenyl)-2-nitroethyl)anthracen-9(10H)-one [24]

FTIR (cm™'): 1671, 1585, 1557, 1502, 1312, 931; *H NMR (400 MHz, CDCls): ¢ 8.08 (d, J =
7.4 Hz, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.66-7.59 (m, 2H), 7.52-7.40 (m, 4H), 6.48 (d, J = 8.6 Hz, 2H),
6.06 (d, J = 8.7 Hz, 2H), 4.75 (dd, J = 13.2, 8.9 Hz, 1H), 4.55 (dd, J = 13.3, 7.6 Hz, 1H), 4.38 (d, J =
3.7 Hz, 1H), 3.99-3.96 (m, 1H), 3.68 (5, 3H); *C NMR (100 MHz, CDCls): 6 182.7, 161.2, 141.6, 139.2,
134.6, 133.8, 132.7, 132.5, 129.5, 128.4, 128.3, 128.0, 127.9, 127.6, 127.1, 125.3, 114.2, 76.8, 54.8,
52.3, 46.8.

5i: (R)-10-(2-nitro-1-(p-tolyethylanthracen-9(10H)-one [24]

FTIR (cm™'): 1658, 1596, 1547, 1322, 930; *H NMR (400 MHz, CDCls): 9 8.08 (d, J = 7.4 Hz,
1H), 7.98 (d, J = 7.8 Hz, 1H), 7.60-7.56 (m, 2H), 7.47 (d, J = 7.6 Hz, 2H), 7.42-7.32 (m, 2H), 6.73 (d, J
= 7.8 Hz, 2H), 6.01 (d, J = 8.0 Hz, 2H), 4.85 (dd, J = 13.2, 8.7 Hz, 1H), 4.58 (td, J = 6.8, 6.5 Hz, 1H),
3.91 (d, J = 6.8 Hz, 2H), 2.19 (s, 3H); *C NMR (100 MHz, CDCls): 5 182.8, 142.2, 139.5, 138.3, 134.5,
133.7, 1325, 132.3, 129.8, 128.6, 128.5, 128.2, 127.6, 127.3, 126.5, 126.1, 75.7, 54.1, 46.8, 21.9.

5i: (R)-10-(1-(2,4-dichlorophenyl)-2-nitroethylanthracen-9(10H)-one [24]

FTIR (cm™): 1672, 1592, 1552, 1323, 931; *H NMR (400 MHz, CDCls): 6 8.19 (t, J = 7.6 Hz,
2H), 7.61 (s, 2H), 7.60-7.42 (m, 4H), 6.98 (d, J = 7.1 Hz, 1H), 6.79 (d, J = 6.8 Hz, 1H), 6.22 (d, J = 8.6
Hz, 1H), 4.67-4.58 (m, 2H), 4.38-4.30 (m, 2H); *C NMR (100 MHz, CDCls): ¢ 183.5, 140.1, 138.8,
136.2, 134.7, 133.7, 133.3, 132.9, 132.4, 131.6, 130.4, 129.7, 128.7, 128.5, 128.2, 127.8, 127.3, 127.2,
126.4, 73.2, 47.0, 43.0.
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ABSTRACT

Fossil fuels, whereas indispensable for energy production today, pose significant environmental challenges
because of their greenhouse gas emissions. As a cleaner and sustainable alternative, renewable energy sources,
particularly solar energy, have gained prominence worldwide. Photovoltaic (PV) systems offer an effective
means of harnessing solar energy to generate electricity without harmful by-products. This technology holds
great promise, especially for countries such as Tirkiye, which heavily rely on fossil fuels and possess abundant
solar energy potential. Thus, this study aims to assess the feasibility of PV systems in Tiirkiye and explore
potential obstacles. To ensure a reliable and sustainable energy supply, both on-grid and off-grid PV systems
are considered. The assessment was conducted by selecting 7 provinces that represent diverse geographical
regions in Tiirkiye. The System Advisor Model (SAM), developed by the National Renewable Energy
Laboratory (NREL), was employed for the technical and economic feasibility analyses of these PV systems.
The SAM simulation provides crucial technical insights, including electricity production, efficiency, and losses,
with a specific focus on off-grid PV systems designed to meet regional residential energy demands utilizing
solar energy. Furthermore, this study investigates the economic viability of off-grid PV systems by considering
factors such as the levelized cost of energy (LCOE), levelized cost of storage (LCOS), and the net present value
(NPV) of money. In addition, the concept of grid parity, which indicates when PV electricity generation
becomes cost-competitive with grid electricity, is explored for the selected cities, thereby promoting PV
systems as an attractive alternative to fossil fuel-based electricity generation.
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INTRODUCTION

Energy has been a critical requirement for humanity throughout history. The Industrial
Revolution marked the use of fossil fuels such as coal, oil, and natural gas, sustaining economies
and improving living standards worldwide. However, these finite resources are rapidly depleting
and pose significant environmental and ecological challenges [1]. In response to the unequal
distribution and unsustainability of fossil fuels, countries are increasingly turning to renewable
energy sources. Advancements in technology and escalating energy demands have accelerated this
transition. Consequently, nations are taking significant strides toward diversifying their energy mix
and embracing alternative sources, paving the way for renewable energy adoption. Renewable
energy is derived from sources that are continuously or repeatedly replenished using natural
processes. These energy sources offer a sustainable and eco-friendly alternative for various
applications [2-4].

Over the last decade, the energy sector has witnessed a remarkable 130% increase in
renewable energy capacity. By 2021, the total installed capacity of renewable electricity will
surpass 3,064 GW, with approximately 8,000 terawatt-hours (TWh) of electricity produced from
renewable sources. Among these technologies, photovoltaic (PV) systems have shown the highest
growth, boasting a total installed capacity exceeding 843 GW [5], [6]. The growing interest in solar
energy stems from its constant availability and its environmentally friendly nature. As a clean
energy source, photovoltaic systems have gained prominence and are widely preferred in the
renewable energy market [7]. PV technology harnesses photon energy from the sun and directly
converts it into electrical energy without generating any polluting gasses. The reduction of carbon
dioxide emissions and the sustainability of PV technologies have contributed to their widespread
adoption. Solar energy has now become a well-established alternative energy source.

Given the diverse energy sources available, Tiirkiye stands out with its high solar energy
potential. Despite not being rich in fossil resources, Tiirkiye boasts an average annual sunshine
duration of 2,741 h and a total radiation value of 1,527.46 kWh/m2. This abundant solar energy
potential alone can sufficiently meet a country's energy needs [8]. As of December 2022, Tiirkiye's
total installed electricity generation capacity reached 103.8 GW, with solar PV electricity
generation accounting for only 9.1% of the total installed capacity [9]. Despite this potential,
Tirkiye has not fully tapped into its solar energy resources. The primary challenge lies in the
installation costs of power plants and the overall cost of electricity production. In PV systems, this
is determined by the levelized cost of energy (LCOE), which measures the actual cost of energy
produced in USD/kWh. Numerous design decisions influence the LCOE [10]. Installation costs of
PV systems vary across regions because of differences in solar radiation, financing conditions, and
electricity prices [11]. The key reason for PV systems' preference is their ability to produce power
at an LCOE equal to or lower than the price of purchasing electricity from the grid. This study aims
to thoroughly examine the necessary infrastructure, potential support, and challenges involved in
generating alternative energy using PV systems in different geographical regions of Tiirkiye.

TECHNICAL VARIABLE OF SIMULATION
System Advisor Model

Various simulation programmes are available for designing and analysing PV systems.
Among them, the System Advisor Model (SAM) developed by the National Renewable Energy
Laboratory (NREL) in 2007 [12] was employed for designing rooftop on-grid, rooftop off-grid, and
commercial utility-scale PV systems in this study.

In the simulated systems, the on-grid PV systems are designed to consume the generated
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electricity on-site. On the other hand, the off-grid systems are equipped with batteries, which
necessitates a change in methodology to either front-of-meter (FOM) or behind-meter (BTM)
strategies. For utility-scale PV systems, the focus is on producing electricity at levels that are either
lower or equal to the electricity price of the region, while also assessing the feasibility and
profitability of potential investments.

To comprehensively understand Tiirkiye's PV system potential, we selected seven cities
located in different geographical regions: Artvin, Bingdl, Karaman, Sanliurfa, Tekirdag, Trabzon,
and Yozgat. The selection of these cities falls within a range representing Tiirkiye's wide
geographical and climatic diversity. This diversity allows each city to have its unique energy
dynamics. While the northern provinces, Artvin and Trabzon, draw attention with their heavy
rainfall, Sanliurfa in the south stands out with its high sunshine hours. Different climatic conditions
vary the performance of solar energy systems. In addition, the different energy demands in each
city provide unique opportunities for solar energy projects. Bringing together developed cities and
developing regions offers a comprehensive perspective of economic and social diversity. Within
this framework, the potential of our chosen cities for solar energy systems is notable not only in
terms of energy production but also for their positive impact on the local economy and community
structures.

The data used in the SAM simulation programme were acquired from real measured values
and reliable databases from national and international sources. The simulation methodology
remained consistent across all cities, except for location-specific parameters such as irradiance data,
system size, battery capacity, and financial inputs, which were tailored to each city's characteristics.

Locations and Weather

Any location that receives sunlight has the potential for solar energy generation. Solar
radiation, which indicates the incident solar energy on an object, serves as a key metric in assessing
the viability of an installed PV system. The selection of cities for this study considered both solar
potential and electricity consumption values. Table 1 provides a list of the selected cities along with
their current global horizontal irradiance (GHI), average temperature, and wind speed.

Hourly solar radiation data for the selected locations were sourced from five different
databases, including the National Solar Radiation Database (NSRDB) [13], Photovoltaic
Geographic Information System (PVGIS) [14], Climate One Building Organization [15], Global
Solar Atlas [16], and Energy Plus [17]. Recognizing that data from different sources may introduce
uncertainties in future forecasting, a four-fold series of methods, comprising single and double
exponential smoothing (SES and DES, respectively), and simple and double moving averages
(SMA and DMA, respectively), were used to process each hour of data. The annual average
temperature and wind speed, which significantly impact the performance of solar panels, are also
included in Table 1.

Considering this comprehensive dataset, the selected cities are categorized into three
groups:

e High Zone Cities: These exhibit insolation values exceeding 5 kWh/m?.

e Middle Zone Cities: Falling within the range of insolation values between 4 kWh/m? and 5
kWh/m?.

e Lower Zone Cities: Encompassing cities with insolation values below 4 kWh/m?2.
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Energy Demand and Electric Load
Following the selection of cities and the evaluation of solar radiation, the electrical load of
Table 1. Weather data of selected cities [13]

#  Selected Cities  GHI (kwh/m?day) Temperature (°C) Wind Speed (m/s)

1 Artvin, Tirkiye 3.83 (SMA) 12.4 1.3
2 Bingol, Tiirkiye 4.59 (SMA) 7.7 1.4
3 Karaman, Tiirkiye 5.01 (SMA) 12.0 2.3
4  Sanliurfa, Tirkiye 5.15 (SMA) 18.7 2.6
5 Tekirdag, Tirkiye 4.35 (SMA) 14.3 2.9
6 Trabzon, Tiirkiye 3.17 (SMA) 17.3 2.1
7 Yozgat, Tirkiye 4.55 (SMA) 111 2.6

households was determined. The average energy consumption of a household encompasses
electricity usage for household appliances, lighting, water heating, cooking, and air conditioning.
The distribution of these components is shown in Figure 1. Heating constitutes the primary energy
expenditure in an average household. The second-largest energy consumers are household
appliances, water heating, and lighting. In addition, air conditioning is provided during the summer.
However, in this study, we assume that heating is provided by means other than electricity, such as
natural gas. Consequently, the electrical load considered for the selected cities comprises household
appliances, lighting, water heating, cooking, and air conditioning, all of which are categorised as
electricity consumption.

Vacuum Cleaner
Cooking AC Iron Computer 29,
Water Heating ~5 A1 Dlsh;vuzhser 4% 3%

~14

Washing
Machine
6%

Figure 1. a) The breakdown of annual energy usage of an average household. b) Distribution of
Tiirkiye’s electricity consumption in households [18].

Table 2 presents the average electricity consumption of households in the selected cities,
along with their respective maximum and minimum values. In this study, we considered the average
electrical energy consumption of households in these cities. As shown, the total electricity
consumption ranges from 1844 kwWh to 3152 kWh, depending on the level of development in each
city. The table also provides the monthly average, maximum, and minimum consumption values
for a typical household. These values are crucial for sizing on-grid and off-grid PV systems.
Moreover, the peak power values listed in Table 2 are vital for ensuring the sustainability of off-
grid PV systems.

The peak load value given in Table 2 shows the maximum load value in kW for each month.
When making this calculation, the SAM uses the monthly energy consumption values entered for
each city. To calculate the critical load, we considered the electrical appliances and lighting
essential for an average dwelling, including items such as refrigerators, TVs, area lighting, and
cooking appliances. For our calculations, we assumed that electrical appliances are energy-efficient
(rated A and above) and that each household is equipped with the same type of appliances.
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Incentives

In Tiirkiye, various grant supports and loan options are available to encourage electricity
generation from solar energy. Solar energy incentives are provided by organizations such as Small

Table 2. Total electricity consumption with monthly average minimum and maximum values [19].

Cities Electricity Mean Min Max Peak Power
(kWhlyear) (kWh/month) (kWh/month) (kWh/month) (kW)
Artvin 3152 262.7 168.1 472.8 1.42
Bingol 1844 153.7 98.3 276.6 0.83
Karaman 2296 191.3 1225 344.4 1.04
Sanliurfa 2124 177.0 113.3 318.6 0.96
Tekirdag 2692 224.3 143.6 403.8 1.22
Trabzon 3252 271.0 173.4 487.8 1.47
Yozgat 2084 173.7 1111 312.6 0.94

and Medium Enterprises Development Organization (KOSGEB), Agriculture and Rural
Development Support Institution (TKDK), Rural Development Investments Support Program
(KKYDP), Technology Development Foundation of Tiirkiye (TTGV), and Tiirkiye Sustainable
Energy Financing Facility (TurSEFF). Notably, the incentives offered by TKDK and KKYDP are
covered by the Instrument for Pre-Accession Assistance Rural Development (IPARD) Program
Fund, co-financed by the European Union and the Republic of Tiirkiye [20-24].

To support the construction of solar power generation facilities, VAT and custom
exemptions are applied to the procurement of goods and services. In addition, corporate tax
deductions ranging from 30% to 55% are offered based on the support region for rooftop PV
applications. Furthermore, SGK employer premium incentives are provided for periods ranging
from 6 to 12 years.

These incentive programmes categorise the provinces of Tiirkiye into 6 regions, and each
region receives distinct treatment. For this study, we implemented solar energy incentive
programmes applicable to PV systems in the provinces selected from different regions of Tiirkiye.
Detailed information on these incentive programmes is provided in Table 3.

Table 3. Regional incentive programs in selected cities [24,25].

Regional Incentive Artvin Bingol Karaman Sanliurfa Tekirdag Trabzon Yozgat

Applications
Regions 4 6 3 6 1 3 5
VAT exemption 18% 18% 18% 18% 18% 18% 18%
Customs exemption 18-20%  18-20% 18-20% 18-20% 18-20% 18-20%  18-20%
Tax exemption
(Corporate tax or 70% 90% 60% 90% 50% 60% 80%
Income tax)
SSI employer premium
exemption 6y 10y 5y 10y 2y 5y Ty
SSi employer premium 2506 i i i i i 35%
exemption rate
Investment 30% 50% 25% 50% 15% 25% 40%
contribution rate
Investment place
allocation v v v v v v v
Income tax withholding i 10y i 10y i i i
support
Property tax exemption 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Stamp duty exemption 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8%
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Designing and Sizing the PV System

The PV systems designed for this study comprise several key components, including solar
panels, inverters, battery packs, converters, and other electrical elements such as cables. Each
component plays a specific role in ensuring efficient power generation and consumption within the
PV system. Solar panels directly convert sunlight into DC. The inverter, a critical electronic device,
converts DC into the commonly used AC in homes. Batteries are employed to store excess energy
during periods of high sunlight for backup usage when needed. In addition, converters are used to
regulate the variable voltage produced by PV panels, ensuring a more consistent current flow to the
battery pack and inverter.

The selected solar panels have a designed operational lifespan of 25 years, whereas the
inverter and batteries are expected to operate for 10 years each. The energy system design aims for
a total lifespan of 25 years, with two replacements of both inverters and batteries anticipated during
this period. To size the entire PV system, the practice recommended by the IEEE, based on the
electricity demand of different households in the selected cities (refer to Table 4), is followed.
According to IEEE standards [26], PV system sizing considers system losses, electrical load,
sunlight availability, array load (A:L) ratio, shading, wiring, contamination, transformer losses, and
household load.

Sizing was conducted for three different PV systems in the selected cities: on-grid, off-grid,
and utility-scale PV systems. The schematic diagrams of these systems are shown in Figure 2, and
the on-grid and off-grid system capacities corresponding to the electricity consumption of the cities
are provided in Table 4. On-grid systems are connected to the local electricity grid and cater to the
solar energy consumption of an average family in the cities. Off-grid systems, on the other hand,
are not connected to the grid and use on-site energy storage. Additional battery sizing is performed
for off-grid systems to ensure sufficient power supply throughout the year, particularly during
months with minimal sunshine. The commercial utility-scale PV system is standardized at 3 MW
for all cities.

Table 4. Required PV capacity and corresponding design parameters

. Residential Residential Commercial
# Cities Standalone PV .PV-Battery - Utility Scale
PV Capacity Battery Capacity
1 Artvin, Tirkiye 5 kw 5 kw 118 kWh 3 MW
2 Bingol, Tiirkiye 2.3 kw 2.3 kw 58 kWh 3 MW
3 Karaman, Tiirkiye 2.7 kw 2.7 kw 57 kWh 3 MW
4  Sanliurfa, Tirkiye 2.3 kw 2.3 kw 53 kWh 3 MW
5 Tekirdag, Tirkiye 3.6 kW 3.6 kW 84 kWh 3 MW
6 Trabzon, Tirkiye 5.9 kW 5.9 kW 122 kWh 3 MW
7 Yozgat, Tirkiye 2.7 kw 2.7 kw 65 kWh 3 MW

Throughout the simulation, the same module is used for every household to maintain
location dependency. The residential rooftops are equipped with installed PV arrays, each
consisting of half-cut 72 passivated emitter and rear contact (PERC) Si solar cells, with a maximum
voltage (Vwmp) of 41.56 V, maximum current (Ime) of 10.95 A, efficiency of 20.97%, and maximum
power (Pmax) of 455 Wqc. For the inverter, the DC to AC ratio is set between 1.1 and 1.2, depending
on the required installed capacity, to optimise panel use during non-peak hours. The size of the
inverter varies with the selected cities to achieve the desired DC-to-AC ratio. To minimise
inverting/transforming losses, the voltage for all systems, regardless of location, is set to 48 V [27—
29].
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Figure 2. Schematic diagram of pv systems

Battery Sizing and Dispatch

In the design of off-grid PV systems, batteries play a crucial role in ensuring reliability and
sustainability. The capacity of the battery required for each PV system depends on the duration for
which it can support the household's critical load (Table 2), which varies among the selected cities.
Autonomy in battery sizing is influenced by factors such as solar radiation variability, load
predictability, and system availability. To calculate the appropriate battery size for the PV systems
while adhering to IEEE standards, the IEEE Recommended Practice for Sizing Batteries for
Standalone PV Systems [30] is applied.

Table 5. Battery Specifications of the off-grid PV System
Cities Battery Size (A-h) Days of Autonomy Max Daily Load (A-h)

Artvin 2462.5 6 328.3
Bingol 1200.5 5 192.1
Karaman 1195.8 4 239.2
Sanliurfa 1106.3 4 221.3
Tekirdag 1752.6 5 280.4
Trabzon 2540.6 6 338.8
Yozgat 1356.8 5 217.1

Table 5 presents the battery specifications corresponding to the selected cities and their
respective PV system sizes. The IEEE standards advocate a maximum depth of discharge (DOD)
of 80% and a maximum daily DOD of 20%, with an end-of-life capacity of 80%. Following these
guidelines, the batteries in the PV systems consistently operate between 20% and 80% capacity
optimising the battery's lifespan and the overall number of battery cells used (in series) in the
system.
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Furthermore, the number of days of autonomy varies depending on the solar insolation of
each location:

e Locations with solar insolation below 4.0 kWh/m?/day are provided with 6 days of autonomy.

e Locations with solar insolation between 4.0 kwh/m?/day and 4.7 kwh/m?/day are allocated 5
days of autonomy.

e Lastly, locations with solar insolation exceeding 4.7 kWh/m?/day are granted 4 days of
autonomy.

As shown in Table 5, Trabzon requires the largest battery size because of its high daily load
and lower insolation, while Sanliurfa and Karaman have the smallest battery sizes because of their
high insolation levels and lower electric load demands.

Financial Parameters

In the financial analysis, we assess the economic viability of PV system projects in Tiirkiye.
The costs of on-grid and off-grid PV systems are determined using reports published by the
National Renewable Energy Laboratory (NREL) [31], [32], whereas for utility-scale PV systems,
the Renewable Power Generation Costs in 2021 report [33] published by the International
Renewable Energy Agency is used. The annual loan interest was 22%, and the real discount rate
was 9.75%. Other important financial parameters, such as the inflation rate, were determined by
taking the average of the last 20 years (January 2023 values) [34], [35]. In addition, for commercial
utility-scale PV systems, the solar power purchase agreement (PPA) rate is implemented at
0.133%/kWh [36-38]. This data provides a detailed analysis of past performance, allowing future
projects to be evaluated on a reliable basis. In addition, these data help predict future trends in the
energy sector, enabling the development of sustainable and effective energy solutions.

To assess the economic viability of the study in the selected cities, we evaluated key metrics
such as the levelized cost of electricity (LCOE), the levelized cost of storage (LCOS), the net
present value (NPV), and the payback period of the investment [39], [40]. The LCOE represents
the total cost incurred over the lifecycle of the PV system divided by the total energy produced
during the same period, typically expressed in cents per Kwh. This calculation considers equity
investments, operating expenses, debt costs, and taxes, while also considering incentives, salvage
value, and tax benefits. The LCOE is determined using the SAM software;

N_.C
_ n=1%n
(1 + Tnominal)n
g:l Qn
(1 + rreal)n

_CO

LCOE

Eq. 1

where C, is the annual project costs in year n, Cq is the project’s equity investment amount,
Qn (KWh) electricity produced by the system in year n, N is the analysis period, real is the real
discount rate and rnominal i the nominal discount rate.

To comprehensively analyse the impact of storage in off-grid systems, we consider the
storage cost or LCOS. LCOS considers various factors, including the initial cost of the battery
(installation, maintenance, and replacement), the cost of electricity needed to charge the battery,
and the degradation of battery capacity over time. These considerations are crucial in assessing the
overall design of off-grid PV systems. The LCOS calculations are based on the methods described
in [41] and are calculated accordingly;
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LCOS = Eq. 2

where O&M is the operation and maintenance, r is the discount rate and EOL is the end-of-life
cost.

The NPV is also another metric that is commonly used, which measures the cost-
effectiveness of a PV system by taking both cost and revenue into account.

NPV = ZN: Cn Eg. 3
AGETE 4
n=0

where N is the analysis period, C, represents the return after tax and r is the discount rate [42].
RESULTS AND DISCUSSION

The evaluation of PV systems in the selected cities was conducted through simulation using
SAM. The results obtained from the simulation cover both technical and economic aspects,
providing valuable insights into the feasibility of PV systems in these locations.

Technical Results: The simulation yields detailed technical data, including electricity
generation, losses, and efficiency. By analysing electricity generation patterns, we can understand
the system's capability to harness solar energy and produce electricity. Assessing losses allows us
to identify potential areas of improvement in the PV system's design and operation. Efficiency
measurements provide valuable information on the system's overall performance and effectiveness
in converting sunlight into electrical energy.

Economic Viability: The economic viability of PV systems is evaluated using essential
financial metrics. The payback period indicates the time required for the PV system's initial cost to
be recouped through electricity generation and savings. The LCOE quantifies the average cost of
producing electricity over the system's lifetime, incorporating various factors such as investment
costs, operating expenses, and incentives. In addition, the LCOS is analysed for off-grid systems
to understand the economic impact of battery storage, considering battery-related costs and
performance over time.

The results and analysis from the simulation will be discussed in detail to provide valuable
insights into the technical and economic feasibility of implementing PV systems in the selected
cities. This discussion will shed light on the potential challenges, benefits, and opportunities
associated with each type of PV system (on-grid, off-grid, and utility-scale) and will enable us to
draw meaningful conclusions to support the development of sustainable and efficient solar energy
solutions.

Technical Analysis

The solar radiation received by cities has a significant impact on electricity production, and
maximizing production is achieved through panel tilt angle optimisation and monitoring systems.
Different tilt angles are applied to ensure optimal sun exposure on the PV modules. The intensity
of solar radiation received on the surface of a PV module at a given angle of inclination is measured
by array plane (POA) radiation. Figure 3 illustrates the POA after accounting for shading and
fouling losses, which determine the capacity factor (CF) of a PV system. The POA values vary
between 373 kWh/month in Bingol and 1288 kwWh/month in Artvin during the winter season.
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Notably, it is crucial to recognise that POA values are highly dependent on the total surface area of
the PV modules. This explains why regions with less sunlight exposure, such as Trabzon and
Artvin, receive higher irradiation values than regions such as Sanliurfa and Karaman. Moreover,
the CF is defined as the ratio of the actual electrical energy output over a given period to the
theoretical maximum electrical output during that period and is listed in Table 6 for the selected
cities. Sanliurfa and Karaman have the highest CF for a PV system because of their higher
insolation values of 5.15 kWh/m?/day and 4.89 kWh/m?/day, respectively. Conversely, the cities
with the lowest CF values are Trabzon and Artvin, as they are located in northern Tiirkiye and
experience fewer sunny days.

Comparing the CF values of the selected cities with the latest IRENA report [33], which
indicates an average CF of 17.2% for utility-scale PV systems in 2021, it is evident that all cities,
except Trabzon and Artvin, surpass the utility-scale average in Table 6 for residential-scale
systems.
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Figure 3. Plane of array (POA) incidents for the PV systems installed in selected cities.

Table 6. Technical results of PV systems for selected cities

Off-Grid & On-Grid Utility Scale
#  Cities Capacity Annual production Capacity Annual production
Factor (kWh) Factor (kWh)
1 Artvin 16.0% 6974 16.0% 4,204,588
2 Bingol 18.7% 3735 18.6% 4,911,718
3 Karaman 19.9% 4754 19.7% 5,186,336
4 Sanliurfa 20.6% 4099 20.4% 5,380,968
5 Tekirdag 18.3% 5825 18.1% 4,767,513
6 Trabzon 13.0% 6204 12.9% 3,410,951
7 Yozgat 18.4% 4401 18.3% 4,808,822
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energy during the summer months.
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Figure 4. Annual produced energy from the PV systems and corresponding load.

In on-grid and off-grid PV systems designed to meet the actual electrical load capacity for
each household in the cities (see Figure 4), the results demonstrate varying energy production levels
due to different insolation rates. Figure 5 illustrates the monthly required electrical load for the
selected cities along with the corresponding electrical energy generated from the PV systems.
Trabzon exhibited the highest energy surplus, approximately 516 kWh/month in May, followed by
Artvin with 453 kWh/month and Tekirdag with 402 kWh/month in April. Cities with lower sunlight
exposure require a higher number of PV modules to meet the demand, resulting in a surplus of
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Figure 5. Monthly average produced energy and electric load in selected cities.

For off-grid PV systems in cities, Figure 6 presents a detailed energy flow analysis between
the battery and load. During low-load months such as January, February, and March, the energy
flow from the battery and PV system to the load is inversely proportional due to limited radiation.
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Conversely, during high-load months, the flow from the PV system itself to the load is higher. The
southern provinces of Tiirkiye, such as Sanliurfa and Karaman, demonstrate a more evenly
distributed load, and the number of PV modules effectively provides the required electricity. Hence,
these cities do not generate as much surplus energy during the summer months as other cities.

Figure 6 also highlights the role of batteries in off-grid PV systems, where the battery is
discharged on a daily cycle. The battery can only be charged from the system, and the minimum
depth of discharge is 30%. Although PV systems are sized for worst-case scenarios, batteries are
essential at night and on low-light days when PV generation is insufficient for the load. The PV
system prioritises meeting the required load first and then charges the battery. During periods of
excess PV production, the battery is recharged and remains at full power until needed. The battery
comes into play when the electrical load requires more power than the PV system can provide. As
seen in the analysis, batteries play a pivotal role in maintaining the sustainability of off-grid PV
systems. During sunlit months with sufficient sunlight, such as in Sanliurfa, Karaman, Bingol, and
Tekirdag, the battery remains fully charged. However, cities such as Artvin and Trabzon, which
have lower light intensity due to their locations, require larger batteries and rely on battery usage
during the summer months.
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Figure 6. Energy flow in off-grid PV systems
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Economic Analysis

The economic analysis of PV systems plays a crucial role in determining their feasibility
and implementation. Several parameters are considered in the cost analysis, including direct capital
costs such as module, inverter, controller, battery, and labour costs, as well as indirect costs such
as permitting, engineering operations, and overheads. These costs were applied uniformly across
all selected cities (see Table 7). However, in off-grid PV systems, the varying battery capacity
requirements in different cities lead to differences in system costs. The operating and maintenance
cost during the system's lifetime is $10/kW for both on-grid and off-grid systems in residential
projects, whereas it is $18/kW for commercial utility-scale systems [33]. The simulations assume
that the entire installation cost is financed through a 25-year mortgage without any upfront
payment. The loan rates used in the simulation represent the average commercial loan rates offered
by banks in the country over 25 years. Additionally, income tax for utility-scale PV systems is set
at 12%, while on-grid and off-grid PV systems on rooftops have a zero-sales tax rate due to the
absence of taxable income. The calculations also consider the incentives mentioned in Table 3,
considering the regional incentive programs of the cities.

Table 7. Installation costs of PV systems in selected cities [43]
Total Installed Cost ($/Wac)

# Citles  —5 grid PV Off-grid PV Utility Scale
1 Artvin 2.52 4.88 1.10
2 Bingol 2.52 5.07 1.10
3 Karaman 2.52 4.61 1.10
4 Sanliurfa 2.52 4.85 1.10
5 Tekirdag 2.52 4.83 1.10
6 Trabzon 2.52 4.75 1.10
7 Yozgat 2.52 4.90 1.10
$30,000
B Off-Grid PV mOn-Grid PV
$25,000
$20,000
$15,000
$10,000
$5,000
$-
Artvin Bingol Karaman Sanliurfa Tekirdag Trabzon Yozgat

Figure 7. Comparison of installation cost of on-grid and off-grid PV systems in cities.

Table 7 presents the financial input values for the selected cities, with direct capital costs
encompassing all components such as modules, inverters, balance of system equipment (BOS),
battery, and labour, while indirect costs include permitting, overheads, and environmental studies.
The total installed cost ($/Wc) represents the cost per nameplate DC capacity of the PV systems.
However, the total installed cost ($/Wqc) is not directly proportional to the total cost because of
variations in electricity consumption and sunshine duration among the cities.

For on-grid PV systems, the investment cost is $2.52/W. across all cities, whereas for
utility-scale commercial PV systems, the investment cost is $1.10/W.. In the case of off-grid PV
systems, the varying battery sizes required by cities lead to investment costs ranging from $4.61 to
$5.07/Wg.. Bingol and Yozgat have the highest cost per $/Wgqc, amounting to $5.07/Wg. and
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$4.90/Wyq, respectively. Conversely, Karaman has the lowest $/Wgc cost in off-grid PV systems,
with an investment cost of $4.61/Wqc.

Figure 7 provides a comparison of investment costs between rooftop on-grid and off-grid
PV systems for the selected cities. Provinces with high electricity consumption require larger PV
and battery capacities, resulting in higher investment costs. Trabzon and Artvin have the highest
PV investment costs, with system costs of $13,761 and $12,614 for on-grid PV systems and
$25,963 and $24,416 for off-grid PV systems, respectively. On the other hand, Sanliurfa and Bingol
have the lowest PV investment costs, with costs of $5,734 in on-grid PV systems and $11,532 in
off-grid PV systems.

Table 8 presents the actual LCOE, LCOS, and NPV values, which are financial output
parameters obtained from the simulations. LCOE and LCOS are critical metrics for evaluating PV
systems because they encompass all costs, including capital costs (direct and indirect), operating
expenses, and term debt costs. The actual LCOE is particularly suited for long-term analysis,
considering inflation over the project's lifespan, making it a valuable indicator for this study.
Additionally, the current electricity price in Tiirkiye is considered to be 0.09 $/kWh [44] (assuming
a single tariff throughout the day) for comparing the energy production costs of PV systems. When
comparing actual LCOE values with the current electricity prices (see Table 8), all cities except
Trabzon demonstrate grid parity, implying that electricity produced by PV systems is cheaper than
the current electricity prices. The inclusion of battery costs in the total cost of off-grid PV systems
and subsequent LCOE calculations warrants the inclusion of LCOS in Table 8 to understand the
impact of the battery system.

While the LCOE is a beneficial metric for financial feasibility assessment, it is best
considered in conjunction with other indicators. The most crucial of these is NPV, as shown in
Table 8 for all PV systems. NPV is significantly influenced by factors such as inflation rate, annual
loan rate, and discount rate. In off-grid and utility-scale PV systems, the NPV value is negative for
all cities. On the other hand, positive NPV values were observed in all cities except Trabzon for
on-grid PV systems. Notably, Karaman and Sanliurfa exhibited the highest positive NPV values in
on-grid PV systems. In general, all selected cities can transition to PV systems if they are considered
in terms of reasonable NPV and viewed not merely as an investment, but rather as cities seeking
energy independence and self-generation capabilities.

Table 8. Financial output parameters to evaluate the feasibility of PV systems.

Off-Grid PV On-Grid PV Utility Scale PV
Cities ngE chégls Net Present LEeSIE Net Present chfa(e?lE Net Present

Gkwh)  @kwhy VA ® gy Ve ® g Value®)
Artvin 0.159 0.702 -7,893 0.092 451 0.049 -454,401
Bingol 0.140 0.788 -4,056 0.079 713 0.042 -283,301
Karaman 0.120 0.702 -4,242 0.075 1,081 0.040 -216,880
Sanliurfa 0.122 0.668 -3,632 0.072 1,031 0.039 -170,459
Tekirdag 0.137 0.828 -6,278 0.081 972 0.043 -318,424
Trabzon 0.191 0.850 -9,786 0.115 -747 0.060 -645,792
Yozgat 0.138 0.757 -4, 747 0.081 769 0.043 -307,801

Sensitivity Analysis of the LCOE and the NPV

The LCOE and NPV values obtained from the SAM simulations for the selected cities can
be further examined through a sensitivity analysis. In this analysis, input parameters such as the
discount rate (DR), the loan rate (LR), the conversion efficiency of the PV modules (), and solar
irradiation (SI) are varied to understand their impact on the selected output parameters. By
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analysing the sensitivity of DR, LR, and SI to LCOE and NPV, we gain insights into how changes
in these parameters affect the performance of the PV systems. Probability distributions are applied
to DR, LR, and SI, and their variations are evaluated for all PV systems in the selected cities. The
black line in the middle of the figures represents the simulated real LCOE values of the PV systems
with the actual inputs for the selected city, while the coloured bars depict the sensitivity of the PV
systems to these input parameters.

On-Grid PV

The discount rate (DR) and loan rate (LR) are financial input parameters that are altered
within the probability distribution range from zero to the maximum point. The LCOE is directly
proportional to DR and LR, meaning that higher DR and LR values result in higher LCOE values.
On the other hand, the conversion efficiency of the PV modules (n) and solar irradiation (SI) are
in an indirect correlation with the LCOE. As these parameters increase, the LCOE decreases.
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Figure 8. Sensitivity analysis of discount rate (DR), loan rate (LR), module efficiency (77) and solar
radiation (SI) on LCOE values of on-grid PV systems
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In addition to analysing the sensitivity of LCOE, a similar analysis is performed for NPV.
By understanding the sensitivity of these key parameters, policymakers and stakeholders can make
informed decisions and optimise the design and implementation of PV systems to achieve greater
economic viability and energy independence in the selected cities.

Figure 8 illustrates the sensitivity analysis of the LCOE for on-grid PV systems. The loan
rate and solar radiation are the parameters that have the most significant impact on the LCOE,
followed by the discount rate. Cities with higher solar radiation levels, such as Sanliurfa and
Karaman, are less affected by changes in solar irradiation than cities with lower sunlight exposure,
such as Trabzon and Artvin. On the other hand, all cities, except Trabzon, have an LCOE equal to
or lower than the grid electricity price. This indicates that an on-grid PV system can generate
electricity in almost every region of Tiirkiye at a cost that is competitive or lower than the grid
electricity price.
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Figure 9. Sensitivity analysis of discount rate (DR), loan rate (LR), module efficiency (7)) and solar
radiation (SI) on NPV values of on-grid PV systems

Regarding the NPV of on-grid PV systems (Figure 9), financial constraints, represented by

loan rates, have the most significant impact on the NPV. Additionally, the module efficiency as a
performance input plays a substantial role in determining the feasibility of the PV project. The
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positive NPV values in almost all cities indicate that at the end of the project, these on-grid PV
systems can result in profitable returns. These results highlight the importance of suitable mortgage
rates for PV projects offered by stakeholders such as governments and banks, as they can
significantly influence the feasibility and adoption of PV in the selected cities.

By considering the sensitivity of these parameters, policymakers and investors can identify
strategies to optimize the financial viability and performance of on-grid PV systems, enabling wider
adoption of renewable energy sources in Tiirkiye.

Off-Grid PV

Similar to on-grid PV systems, off-grid PV systems are also affected by various parameters.
Figure 10 demonstrates that the discount rate has the most significant impact on the LCOE,
followed by the loan rate and insolation.
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Figure 10. Sensitivity analysis of discount rate (DR), loan rate (LR), module efficiency (77) and solar
radiation (SI) on LCOE values of off-grid PV systems
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Cities with higher solar exposure, such as Karaman and Sanliurfa, prioritise the discount
and loan rates, whereas other cities have a different pattern. Any improvement in the loan interest
rate and discount rate leads to substantial reductions in the LCOE of the system. To promote the
adoption and applicability of off-grid PV systems, implementing support programmes and

incentive policies is crucial.

Considering the NPV values for off-grid PV systems (Figure 11), a different aspect
emerges. The higher system cost of off-grid systems compared to on-grid systems makes the NPV
value more significant in terms of investor preference. The duration of sunshine has little effect on
NPV across all cities. Conversely, the loan interest rate plays a substantial role in determining the
NPV. Additionally, advancements in battery technology and cost reductions can facilitate the
integration of PV-battery systems, further increasing the attractiveness of off-grid PV systems.
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Figure 11. Sensitivity analysis of discount rate (DR), loan rate (LR), module efficiency (7) and solar
radiation (SI) on NPV values of off-grid PV systems

To encourage the widespread implementation of off-grid PV systems, policymakers and
investors should focus on providing favourable loan interest rates and creating a supportive
environment for battery technology advancements. These measures would enhance the feasibility
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and appeal of off-grid PV systems, making them a promising alternative for electricity generation
in the selected cities.

Utility Scale PV

Now, let us focus on the sensitivity analysis of LCOE and NPV values for large-scale
commercial PV systems in the selected cities. Figure 12 illustrates the sensitivity analysis of LCOE
values, while Figure 13 presents the sensitivity analysis of NPV values.
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Figure 12. Sensitivity analysis of discount rate (DR), interest rate (IR), module efficiency (7) and solar
radiation (SI) on LCOE values of utility-scale PV systems.

In utility-scale PV systems, the LCOE value of 4¢/kWh across all regions of Tiirkiye
establishes a competitive foundation for electricity generation. As in other PV systems, this value
can be further reduced by improving the discount and loan rates. Notably, cities such as Karaman,
Sanliurfa, and Bingol are in a more advantageous position for electricity generation using PV
systems than other cities (see Figure 12). Interestingly, the power n showed the lowest correlation
with LCOE for all cities. This suggests that while the variation in 1 should not be overlooked, it
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would be more beneficial to focus on other uncertainties. This finding may also highlight the
potential impact of new and emerging solar cell technologies on LCOE.

In terms of NPV values, all cities showed negative values (see Figure 13). As mentioned
earlier in the sensitivity analysis of other PV systems, a positive NPV value can be achieved in all
cities by primarily considering the interest and discount rates. In this context, steps taken by banks
and governments to support PV systems will play a crucial role in accelerating the transition to
large-scale commercial PV systems.
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Figure 13. Sensitivity analysis of discount rate (DR), interest rate (IR), module efficiency (7) and solar
radiation (SI) on NPV values of utility-scale PV systems.

Considering the competitive LCOE values of utility-scale PV systems and the potential for
positive NPV with adequate financial support, large-scale commercial PV projects hold promise as
an economically viable and sustainable option for electricity generation in Tiirkiye's selected cities.
Policymakers and financial institutions should collaborate to provide favorable financial conditions
and incentives to promote the widespread adoption of utility-scale PV systems, ultimately
contributing to a more sustainable and greener energy landscape for the country.
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CONCLUSION

This study assessed the technical and economic feasibility of photovoltaic (PV) systems in
various cities across Tiirkiye using the System Advisor Model (SAM). The simulation results
provide detailed insights into the electricity generation, losses, efficiency, and economic viability
of on-grid, off-grid, and utility-scale PV systems.

The solar radiation received by the cities significantly influenced electricity production,
with maximum generation achieved through panel tilt angle optimization and monitoring systems.
The capacity factor (CF) of the PV systems varied based on the total surface area of the PV modules
and the solar radiation in each location. Sanliurfa and Karaman had the highest CFs because of
their higher insolation levels. On the other hand, Trabzon and Artvin, located in northern Tiirkiye
with less sunlight, had lower CFs. Overall, the PV systems in all selected cities, except Trabzon,
showed promising capacity factors, even surpassing the average CF of utility-scale PV systems
reported in the latest IRENA report.

The financial parameters, including total installed costs, LCOE, LCQOS, and NPV, were
evaluated to assess the economic viability of PV systems. The LCOE and NPV analyses revealed
that on-grid PV systems in all cities, except Trabzon, were at grid parity, indicating that the cost of
electricity generated from PV systems was lower or equal to the current electricity prices in the
region. Off-grid PV systems, which cost almost twice as much as on-grid systems, showed positive
NPV values for all cities, highlighting their financial attractiveness to investors. In contrast, utility-
scale PV systems, with an LCOE of 4¢/kWh across all cities, presented a competitive basis for
electricity generation. However, the NPV values for utility-scale systems were negative, suggesting
that further financial support and incentives are needed to promote the transition to large-scale
commercial PV projects.

The sensitivity analysis of LCOE and NPV values provided valuable insights into the
impacts of key input parameters such as discount rate, loan rate, PV module efficiency, and solar
irradiation. In all PV systems, financial parameters, particularly the discount rate and loan rate, had
the most significant influence on both LCOE and NPV. In contrast, solar irradiation had a more
substantial impact on LCOE in on-grid and off-grid systems, whereas power efficiency (n) showed
a weaker correlation with LCOE in utility-scale PV systems.

The study's results indicate that PV systems hold considerable potential for electricity
generation in Tiirkiye's selected cities. However, certain policies and financial support mechanisms
are crucial for maximizing the adoption of PV systems. Favorable interest rates, incentives, and
government-backed loan programs would enhance the economic viability of PV projects and
encourage their widespread implementation. In addition, advancements in battery technology and
cost reductions can improve the feasibility of off-grid PV systems, making them more appealing to
investors.
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Filaman sarim yontemi ile tretilen kompozit borular; hafiflikleri, korozyon direngleri ve yliksek
mukavemetlerinden dolay1 bircok miihendislik alanlarinda kullanilmaktadir. Ozellikle dogalgaz ve petrol
boru hatlarinda basing altinda calisan kompozit borular kullanilacagi alanda tasiyabilecegi yiikleri
karsilayabilmesi i¢in 6zel tasarimlar yapilmaktadir. Filaman sarim iiretim yontemi ile elyaf tiirii, elyaf
sarim agis1 ve tabaka sayisi degistirilerek ihtiyaca gore farkli 6zelliklerde ve mukavemetlerde kompozit
borular iretilebilmektedir. Degisken parametreler 1s13inda {iretilen her borunun mekanik 6zelliklerinin
belirlenmesi gerekmektedir. I¢ basing altinda calisan kompozit borularin mekanik 6zelliklerinin
belirlenmesinde kullanilan yontemlerden bir tanesi de halka ¢ekme testidir. Bu ¢alismada Filaman sarim
yontemi ile £55° elyaf konfigiirasyonu ile 72 mm i¢ ¢apinda ve 1 m boyunda cam elyaf takviyeli plastik
(CETP) borular iiretilmistir. Uretilen borulardan ASTM D2290 standardina gére 30 mm genisliginde 20
mm daraltilmis bolgelere sahip halka ¢ekme test numuneleri hazirlanmigtir. Deneyler Instron 8801 test
cihazinda yapilmus ve veriler kaydedilmistir. Kompozit borularin halka ¢ekme deneyleri sonrasinda elde
edilen veriler islenmis ve grafik haline doniistiiriilerek yorumlanmistir. Deney sonrasi hasar bolgeleri
yiiksek ¢oziiniirliklii olarak fotograflanarak ayrmtili makro ve mikro (SEM) hasar analizi yapilarak olusan
hasar modlar1 belirlenmistir.
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ABSTRACT

Composite pipes produced by the filament winding (FW) method are used in many engineering
fields due to their lightness, corrosion resistance and high strength. Composite pipes working
under pressure, particularly in natural gas and oil pipelines, are specially designed to withstand
the loads they will be exposed to in the area where they are used. With the FW production method,
composite pipes with different properties and strengths can be produced according to the needs
by changing the fiber type, fiber winding angle and number of layers. In the light of varying
parameters, it is necessary to determine the mechanical properties of each pipe produced. One of
the methods of determining the mechanical properties of composite pipes operating under internal
pressure is the ring tensile test. In this study, glass fiber reinforced plastic (GFRP) pipes with an
inner diameter of 72 mm and a length of 1 m with £55° fiber configuration were produced by the
FW method. Ring tensile test specimens with 30 mm wide and 20 mm reduced sections were
prepared from the produced pipes according to ASTM D2290 standard. Experiments were carried
out on an Instron 8801 tester and data were recorded. The data obtained after the ring tensile tests
of composite pipes were processed, converted into graphics and interpreted comparatively. After
the experiment, the damage areas were photographed at high resolution. Detailed macro and
micro (SEM) damage analysis was performed to determine the damage modes.
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INTRODUCTION

Composite materials have begun to replace traditional materials in aerospace, aviation, and
defense industries and other engineering applications where weight is important. Composites
produced in different geometries and components are classified according to the types of
reinforcement used [1-4]. Commonly used polymer matrix composites are classified as fiber-
reinforced (FRP) [5-9], nanofiber-reinforced [10-13] and nanoparticle-reinforced [14-18]. In order
to determine the mechanical properties of composites that can be produced by different methods,
they are subjected to a series of tests such as tensile, compression [19-21], fatigue [22-26], burst
[27-31], buckling, vibration and low-velocity impact [32-36]. Determination of the mechanical
properties of composite pipes and high-pressure tubes exposed to internal pressure must be made
according to certain standards that are valid worldwide [37]. The main ones are the American
Petroleum Institute (API) and the American Society for Testing and Materials (ASTM). The
strength tests of composite pipes used in natural gas and oil transmission are carried out by exposing
them to load in the radial direction. The maximum strength values of the composite pipes, which
are tested until they are damaged under these loading conditions, are determined in an open-ended
manner. One of the main tests is internal pressure bursting tests as specified in the ASTM D 1599
standard. This test is known as one of the most accurate tests in the literature. Many researchers
have carried out studies to determine the strength values of composite pipes produced from different
fiber types [38, 39]. When the studies in the literature were examined, it was seen that different
special sealed apparatuses were designed to apply internal pressure to the pipes produced. These
apparatuses, fitted with high-pressure seals, are placed inside the composite pipes and connected to
a hydraulic pump. Before starting the experiments, the liquid was filled into the area limited by the
apparatus. Stresses in the radial direction (Hoop) are created on the pipes pressurized by a hydraulic
pump and the loading is continued until they are damaged [40, 41]. In many studies conducted in
the literature, the strength values of composite pipes have been obtained and their damage
developments have also been examined. The damage modes occurring in the burst tests of GFRP
FW pipes with different winding angles were determined as; outer surface matrix cracking,
whitening where the matrix structure started to deteriorate, debonding damages in the fiber
direction, intense whitening with the increase of pipe diameter, delamination, droplet leakage,
intense leakage in the form of water jet and explosion damages with fiber breaks [4, 41-43]. As can
be seen from the literature, bursting tests are quite laborious as many equipment and hydraulic units
are used. One of the alternative strength determination tests is the ring tensile test, known as the
ASTM D2290 standard. When the standard is examined, it can be seen that this test is simpler than
the burst test and can be applied on any tensile device. When the studies in the literature are
examined, it is seen that apparatuses have been prepared for pipes of different diameters and can
be adjusted according to existing tensile tester. When the studies in the literature are examined; It
can be seen that apparatus has been prepared for pipes of different diameters produced and can be
adjusted according to the existing tester [44-46]. Obtaining fast results with this test, small sample
sizes used and easy applicability have become the reason for preference of researchers [47-51].
Kaynak et al. applied split-disc tests to composite pipes manufactured with two different resin
systems, five different fibers and winding angles [52]. It was concluded that split-disc tests were
effective in determining the performance of the pipes. Gemi et al. comparatively investigated the
effect of stacking sequence on the strength of FW hybrid pipes manufactured in the [£55°]3
configuration by internal pressure and ring test [53, 54]. They found that the strength test results
were 15-30% lower than the burst test results due to the disruption of fiber continuity and the
reduction of sample sizes in the filament wound pipes prepared for the ring tensile test. In addition,
although an apparatus is used to minimize the moment effect in the ring tensile test, this effect is
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not completely eliminated, so there is a difference in the behavior compared to the under internal
pressure. Because there is no bending moment effect due to axial symmetry in pipes subjected to
internal pressure. For this reason, while apparent hoop tensile strength is obtained from the ring
tensile test, real hoop tensile strength is obtained from the burst test performed under internal
pressure. In the literature, damage analyzes are also included in studies conducted with ring tensile
tests and damage developments are mentioned. It is stated that the damages are concentrated in
reduced sections and the fiber winding configurations affect the damage development.

MATERIALS AND METHODS

The GFRP pipes used for this experimental study were produced using the facilities of Izmir
Izoreel composite company. In the production of pipes, the FW method was used, which meets all
winding parameter needs. The data obtained as a result of the literature review was effective in
determining the pipes used and their parameters. The ring tensile test method, which is one of the fastest
tests used to determine the approximate mechanical properties of the composite pipe, was used. Tests
were made on the Instron 8801 tensile tester. In order to perform the tests, a ring tensile test apparatus
suitable for the tester was designed and used. The obtained data were recorded and stress-strain graphs
were drawn. During and after the experiment, GFRP composite pipe samples were examined in detail
and interpreted by damage analysis.

Manufacturing of the Composite Pipes

A steel mandrel with a diameter of 72 mm has been specially designed for the production of
composite pipes. E glass (1200 tex - 17 um diameter) was used as reinforcement material. Momentive
(Bisphonel A-Epikote 828) resin was used as the matrix material. Epicure 875 was used as a hardener
in the resin system to accelerate the polymerization process. In the resin/hardener system, an additive
ratio of 100:80 by weight was used. Before starting production, mold release material was applied to the
mandrel (QZ-13). For the pipe design, a program was written on the CNC filament winding machine
and the number of bobbins required for the winding width was determined. Fiber winding angle
configuration [£55°]3 has been determined. The pipes were produced with a total of 6 layers of wet
winding, with an inner diameter of 72 mm and an outer diameter of 76.8 mm (Figure 1). After the
winding process, the composite pipe-wrapped mandrel was removed from the FW machine and placed
in the curing oven. The oven curing process was carried out at 135 °C and 150 °C for two hours each.
The produced pipes were cut into 300 mm dimensions and prepared for use in experimental studies.

4
\\ ’

Steel mandrel (5
155 Glass layers

’

Figure 1. Production of GFRP composite pipes with the FW method
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Ring tensile test

Ring tensile test samples were prepared according to ASTM D2290 standard [48, 55]. The stage
of preparing samples from composite pipes in accordance with the standard is shown in Figure 2.
Marking was carried out on the pipes for a sample width of 30 mm and a reduced sections of 20 mm.
After marking, drilling was performed on a universal drill machine to prepare the reduced sections. In
order to prevent hole exit damages such as push-out delamination during drilling, a 72 mm diameter
wooden back-up was manufactured to be placed inside the composite pipes. In order to create reduced
sections of the samples in standard sizes, drilling operations were carried out using the advancement
mechanism with mm divisions on the bench. Radial cutting process was applied to the composite pipes
with marking and reduced sections prepared and ring test samples were obtained. After the cutting
process, the sample dimensions were checked and the cut surfaces were ground with wet sandpaper as
needed. Tensile tests were carried out after the prepared samples were mounted on the apparatus. The
machine speed was set as 2 mm/min during the tension process. After the gaps of the apparatus were
eliminated, the loading process was started. Tensile data of three repeated tests were recorded.

30
—_—
-

©768
@72

Figure 2. Ring test sample preparation stage and sample geometry.
Damage analysis

After the tensile test, macro and micro damage analysis was performed on the damaged samples.
For macro damage analysis, images of the outer and inner parts of the specimens were taken with high
resolution cameras in studio conditions (Figure 3). For micro damage analysis, images obtained from
optical microscope and SEM device were used (Figure 4). Micro-scale damages in the damage areas
were detected and interpreted by processing on the images.

Figure 3. Outer and inner surface images of damaged specimens after the test
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RESULTS

The load-elongation data recorded during tensile tests were analyzed and stress-strain graphs
were drawn. During the processing of the data, the area calculation was made by taking into account the
reduced section on both sides of the ring tensile specimen during calculating the stress. The stress-strain
graphs obtained as a result of the processed data are given in Figure 5, and the maximum stress and
strain values are given in Table 1. When Figure 5 and Table 1 were examined comparatively, it is seen
that although the maximum stress values obtained in the three tests were close to each other, there are
some differences in the strain values. It is thought that these differences are due to the fact that the excess
resin accumulated on the sample after the winding of the last layer in the sample production cannot be
removed homogeneously. It is understood that the mechanical properties of the samples taken from
resin-rich areas differ (Test-3).

f] F

Vv

/

¢

.

Figure 4. Optical microscope and SEM device used for damage analysis

As a result of the observations made during the experiment, significant damage development
was observed in the specimens loaded at a speed of 2 mm/min [55]. The onset of damage was determined
as an average stress value of 250 MPa in all three specimens. It was observed that the damage first
occurred in the resin-rich zone in the reduced section, where matrix cracks and crazing-whitening
occurred in the direction of the fiber winding angle. As the loading continued, debonding damage
occurred in certain areas due to whitening in the fiber direction.
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Figure 5. Stress-strain graphs obtained after ring test
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It was observed that delamination damage started at the 337 MPa stress level in areas where
whitening and debonding were intense. It was observed that with increasing load, some fibers began to
break at the radius edges of the reduced section and fiber pull-outs occurred with the angular direction
change. It was observed that with increasing load, some fibers started to break at the radial edges of the
reduced section and fiber pull-outs/fracture layer occurred with angular direction change. At an average
stress level of 368 MPa, catastrophic damage started in the direction of -55° winding angle. The final
damage was caused by splitting and fracture layers and pull-out of the fiber bundles in the +55° layer.

Table 1. Maximum Stress-Strain values after the test
No Max. Stress (6) MPa Max. Strain (€) mm/mm

Test-1 358 0.0458
Test-2 365 0.0504
Test-3 382 0.0568
Average 368.3 0.051

Figure 6 shows comparative images of the outer and inner surface of the damaged specimens.
When the macro damages were analyzed, it was observed that the damages started from the ends of the
reduced section. Subsequently, it is seen that the damage progresses in the direction of -55° winding
angle and occurs in the form of brittle fracture in the layers. It was observed that the damages progressing
in the -55° fiber winding direction reached a certain size and changed direction towards the +55°
winding direction (Test-1, Test-2). Especially when the Test-2 specimen is examined, it is understood
that fracture occurs with the onset of double-sided damage in the layers and when it reaches a certain
stage, the fracture changes direction. When the damages in all three specimens are examined, it is seen
that severe delamination and matrix crack damages occurred in the fracture direction.
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Figure 6. Macro damage analysis of samples after ring test

After the macro damage analysis, a general cross-sectional image was taken from the damaged
area of the Test-3 specimen with an optical microscope. After the cross-sectional image examinations,
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the specimen was removed from the damage zone where brittle fracture occurred for SEM analysis. The
damages occurring in the fracture zone and within the layer were examined in detail by SEM analysis
(Figure 7). When the image given in Figure 7a is examined, it is seen that fracture, layer fractures and
delamination damages occur in the direction of the winding angle. In Figure 7b, the general view of the
damage zone is photographed by SEM and the layer stacking is analyzed. It was determined that the -
55° layer suffered from multiple damage in addition to delamination. Figure 7d and 7e shows the micro
analysis of debonding and fiber fracture damage on the fracture surface. Figure 7c shows the debonding
damage caused by radial cracks near the fracture zone. In the reduced sections of the specimen, the
damage modes detected before the final failure also occurred during fracture and spread throughout the
damage zone.

Delaminations

ring tensile test
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Figure 7. Micro damage analysis of samples after ring test
DISCUSSION AND CONCLUSIONS

In this study, the mechanical properties of GFRP composite pipes produced by filament winding
method were determined by ring tensile test and the damage development of the material during the test
was analysed. In the detailed damage analysis, damage modes were determined and the behaviour of
layered composites produced by filament winding method under radial load was interpreted and
following conclusions are drawn:
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o Although the ring tensile test specimens were cut from the same pipes, it was observed that there
were differences in their mechanical properties. The maximum strengths of the pipes were close
to each other and reached up to an average value of 368 MPa (Max. Stress-c). The maximum %
strain results varied between 0.045-0.057 mm/mm (Max. Strain-¢). The reason for this is thought
to be that there are local resin-rich regions on the composite pipe due to the production method
and the reduced sections coincide with these regions.

o All of the damage to the specimen occurred in the reduced sections. Damage initiation occurred
at the ends of the reduced sections. In all three specimens, the progression of damage occurred in
the fiber direction in the -55° layer and the fractures were found to change direction in the +55°
layer direction after a certain point.

e The damage modes were as follows: matrix cracking, crazing, debonding, delamination, fiber
fractures, layer fractures in the fiber direction, and fiber bundle pull-out during fracture.

o From the literature reviews conducted for this study, it is understood that the hoop tensile strength
obtained from ring tensile test are 15-30% lower than the strength values obtained from static
burst under internal pressure of open-end pipes. The reason for this is thought to be the change in
sample dimensions (shrinkage in the axial direction) and disruption of fiber continuity. Also, in
the ring tensile test, the apparent hoop tensile strength is obtained due to the bending moment,
while in the burst test, the real hoop tensile strength is obtained.
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Konya ili ekilebilir arazi bakimindan yiiksek bir orana sahip oldugu i¢in ve Konya ilinde yagisin mevsimsel
degiskenlik gostermesinden dolay1 bu c¢alismada Konya ili icin bagil nem ve yagis trend analizi
arastirllmistir. Tiirkiye Devlet Meteoroloji Dairesi, 1929'dan 2020'ye kadar 91 yillik donemi kapsayan bagil
nem ve yagis miktarina iliskin istatistikler saglanmistir. Yagisin ve bagil nemin iginde bulundugu
meteorolojik verilerin trend analizinin incelenmesi i¢in Mann Kendall Testi ve Sen’in Trend Egim Metodu
kullanilmistir. Yapilan analizler sonucunda yagis verileri i¢in Kendall'm tau degerlerinin Ocak'tan Aralik
aymna kadar —0,087 ile 0,121 arasinda degistigi ve degerlerin ¢ogunlugunun sifira yakin oldugu
belirlenmistir Cogu p degeri 0,05'ten biiyiik olarak hesaplanmistir ve Sen'in egimi degerlerinin aylik yagis
i¢in-0,087 ila 0,121 arasinda degistigi belirlenmistir. Sonuglara bagl olarak Kendall'm tau ve Sen' in egimi
degerleri sifira yakin ve p degerleri yiiksektir; bu durum aylik ortalama yagis egilimlerinde istatistiksel
anlamlilik eksikligine isaret etmektedir. Bagil nem verileri i¢in Kendall'in tau deger araligi-0,007 ila -0,248
olarak hesaplanmustir ve p degerleri birkag ayda (Ocak, Haziran, Aralik) 0,05'ten az olarak bulunmustur.
Sen'in egimi degerleri ise 0,076 ila 0,000 araliginda degistigi saptanmustir. Sen'in egimi ve Mann-Kendall
testi, istatistik agisindan ti¢ ay boyunca (Ocak, Haziran ve Aralik) bagil nemin azalma yoniinde 6nemli bir
egilim oldugunu, ancak ortalama bagil nem igin diger aylarda bu egilimin olmadigini gdstermektedir. Iklim
degisikligi tahmin edilirken, Konya'nin bagil nem ve yagis oranlarinda énemli farkliliklar 6ngérmeyen
senaryo ve iklim modellerinin yol gosterici olabilecegi sdylenebilir.
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ABSTRACT

Due to the high proportion of arable land in the province of Konya and the seasonal variability in
rainfall in this region, this study investigates the trend analysis of relative humidity and
precipitation for the province of Konya. The Turkish State Meteorological Service provided the
statistics on relative humidity and the amount of precipitation covering a 91-year span from 1929
to 2020. Mann Kendall Test and Sen’s Trend Slope Method were used at 95% confidence level
to investigate the trend analysis of meteorological data of relative humidity and precipitation. In
the lights of analysis, the values range from —0.087 to 0.121 for the months of January through
December, with the majority of values being near 0 for Kendall’s tau, most p-values are larger
than 0.05, and the values for Sen’s slope range from —0.087 to 0.121 for the monthly precipitation.
Depending on the results, the values for Kendall's tau and Sen's slope are close to zero, and the
p-values are high, indicating a lack of statistical significance in the trends for the average monthly
precipitation. The range of values is —0.007 to —0.248 for Kendall’s tau, p-values are less than
0.05 in a few months (January, June, December), and 0.076 to 0.000 is the range of values Sen’s
slope for average relative humidity. Sen's slope and the Mann-Kendall test indicate that there is
a significant tendency toward a decreasing relative humidity for three months (January, June, and
December) in terms of statistics but not for the other months for average relative humidity. It was
suggested that when predicting climate change, scenarios and climate models that do not predict
significant differences in Konya's relative humidity and precipitation could be considered as a
guide.
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INTRODUCTION

Relative humidity (RH) is the percentage that represents the level of moisture in the air
relative to its maximum capacity at a given temperature [1]. Relative humidity plays a significant
role in various aspects such as human well-being, hydrological research, agriculture, and irrigation
management [2-3]. Unusually high or low levels of relative humidity can have detrimental effects
on human health, including the increased risk of illnesses such as colds, flu, nosebleeds, asthma
attacks, and allergies [4-6]. Additionally, elevated relative humidity can contribute to increased
precipitation, which may have adverse consequences for the economy [4-6]. Prediction of humidity
is also becoming crucial because of the factors mentioned above [7].

The balanced and sustainable use of national and international water resources required for
irrigation, energy production, and industrial and domestic activities is increasingly being impacted
by factors such as changing demographics, migrations, non-planned urbanization, land and
water usage, and other external factors [8-9]. On the other hand, rainfall, climate, agricultural
production, and the utilization of water resources, among other factors, are perhaps the most
important components of the complex hydrological cycle that affects our daily lives. Therefore,
rainfall directly influences the understanding of climate change [10]. The changes observed in
precipitation provide information about climate change, therefore, in studies related to detecting
climate-related changes, the determination of the trend analysis of precipitation is frequently
encountered [11-14]. Mann-Kendall, linear regression, variability of precipitation, and coefficient
of variation methods were applied to the precipitation data of Kahramanmaras province for trend
analysis by Karabulut and Cosun, and it was stated that there is no significant increasing or
decreasing trend in annual precipitation in terms of statistics [ 15]. Dalkili¢ (2019) conducted a trend
analysis on 31 years (1978-2018) of precipitation data from meteorological stations placed in the
city centers of Erzincan, Giimiishane, and Bayburt. The analysis utilized the Sen trend test,
Spearman Rho, Mann-Kendall, and Seasonal Mann-Kendall tests. The study identified an
increasing trend in certain months during the winter season and a decreasing trend in some months
during the summer season [16]. Using monthly total precipitation data from 19 precipitation
monitoring stations in the Black Sea Region of Turkey that were recorded between 1960 and 2015,
trends of monthly, annual, and seasonal precipitation data were identified by Demir and the findings
indicated that whereas total precipitation rises at stations in the Central and Eastern Black Sea
regions, it falls at stations in the Western Black Sea region [17]. Demir also investigate that the
trend analysis of water-level changes in lakes and sinkholes in Konya region at 95% of the
confidence interval using meteorological parameters [18]. According to the result, the study was
concluded as accurately estimating how long-term precipitation affects sinkhole and lake water
levels is complicated [18]. Yagbasan et al. used in their study the Mann-Kendall, Modified Mann-
Kendall, Sen Trend, and Linear Trend at confidence levels of 90%, 95%, and 99% to explore trend
analysis of average monthly pan evaporation, air temperature, precipitation, humidity, wind speed,
cloud cover, and sunshine duration for the lakes Eymir and Mogan which are classified as shallow
lakes [19]. The findings indicated that at all confidence levels, there was an increasing trend in
both lake levels for three methodologies (Mann-Kendall, Sen Trend, and Linear trend) [19].

Konya, with 12.2% of Turkey's total arable land, is categorized as a second-grade drought
region in the country, experiencing considerable variation in annual precipitation throughout the
different seasons [16]. Therefore, this study aimed to conduct trend analysis of relative humidity
and precipitation, which will aid in formulating prospective climate scenarios, for Konya at 95%
of confidence level.
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MATERIALS AND METHODS
Study Area and Data

Konya, the largest province in Turkey, is located at an elevation of approximately 1,006
meters and covers an area of 41,001 km?. It lies roughly between 36.70° and 39.25°N latitude and
31.25° and 34.43° E longitude. Three urban districts—Karatay, Sel¢uklu, and Meram—with a
combined population of over 1,390,000 make up its center region (Figure 1). According to Asaad
et al. (2022) [20], Konya is classified as a second-grade drought region in Turkey, and its yearly
precipitation varies with the seasons.
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Figure 1. Konya's districts and location in Turkiye [21].

Table 1 provides the characteristics of precipitation and relative humidity and the time
series plot is shown in Figure 2.

Table 1. Statistical attributes of precipitation and relative humidity for Konya

Min. Max. Mean Std. Dev.
Precipitation (mm) 0.00 144.10 28.30 24.57
Relative humidity (%) 25.00 86.00 59.59 14.10

Trend Analysis

A trend is the gradual increase or decrease in the value of any chosen parameter over time.
The tests that are both parametric and non-parametric are run to find the trend. The analysis of
hydro-meteorological time series, where the data is frequently incomplete and not normally
distributed, frequently makes use of non-parametric tests. Because non-parametric tests become
independent of the dataset's statistical distribution, they have an advantage over parametric tests
[22]. In this study, the tests applied to determine trend analysis are explained below.

Trend analysis is a tool used to identify changes over time and predict possible future trends.
Therefore, trend analysis of long-term precipitation data can contribute to planning, management
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and decision-making processes in various sectors. "Sen's Trend Slope,” a time series analysis
method, is used to determine the trend of a variable over time. This method is based on the Sen's
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Figure 2. Time series plot of a) the monthly precipitation data and b) the relative humidity data

Tendency Test, a non-parametric test like the Mann-Kendall test. Sen's Trend Slope uses median
values to determine the trend between sequential observations in the data set.

The Sen's Trend Slope method is widely used in a variety of applications, especially for
determining trends in time, and in fields such as hydrology, meteorology, and environmental
sciences. The long-term dataset of monthly precipitation data accumulated over 90 years is an

important resource for assessing various climate trends and changes. Analyzing this data set can
provide many advantages.

Mann-Kendall Test

One non-parametric test is the Mann-Kendall test. The observations Xu,..., X, which are
random variables with a similar distribution and are independent of time, are arranged over time,
in accordance with the null hypothesis (Ho). The alternative hypothesis (H:) states that the
distribution of values for xx and x; in the series is not similar for all (k, j <n) with k # j, suggesting

the existence of a linear trend in the series. Equations (1) and (2) are used to calculate the statistic
for the Mann-Kendall test [23].

S= Z;cl;% ?=k+159n(xj — Xg) 1)
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+1 (xj - xk) >0
sgn(xj —x) =30 (xj—x,) =0 (2)
-1 (xj — xk) <0

The variance of the test statistic S, is calculated (as the number of observations n
approaches infinity, with ti representing the duration of a specific tie in month i, the distribution of
Si becomes normal) as shown below [24].
ni(n;—1)(2n;+5) =X, ti(t;i—1) (2t;+5)

18

Var (S) = 3)

The following equation is used to calculate the critical (z) value, which is then compared
to the standard normal variable (z) [24,25].

(—— 5>0

Jvar(S)
zZ= iO S=0 4
S+1
Jvar(S) §<0

The rejection of the null hypothesis Ho occurs if the significance level a is not such that |z]
< zq»2. An increasing trend is present if the computed value of S is positive; a decreasing trend is
suggested if it is negative [25]. Hypothesis tests are used to determine whether a trend is present or
not. The alternative hypothesis (Ha), which is the hypothesis where Hy is rejected and indicates the
presence of a trend, is the hypothesis where the null hypothesis (Ho) shows the absence of a trend.
The rejection region, also known as the crucial region, is the area where Hy is rejected [17] Either
the one-tailed or the two-tailed (two-sided) Ha hypothesis is investigated. The probability of
covering a parameter is the confidence level of its interval estimate, and it is represented by the
notation "1-a," where a is the significance level. A confidence interval is the interval for a
parameter that is calculated using the confidence level. The 90%, 95%, and 99% confidence levels
are the most often utilized ones [17]. The 95% confidence level was employed in this study.

Kendal’ tau

Kendall proposed the concept of tau, a nonparametric rank correlation coefficient, in 1938.
Tau is symbolized by the Greek letter 1. [26]. Similar to other correlation measures such as Pearson
r, T is mathematically constrained within the range of —1 to +1, and its numerical value signifies
the level of agreement between two ordinal variables. T serves as a rank correlation measure that
shows how much two factors align a set of people or data points in a comparable order. When the
t(x,v) value is +1.00, it means that there is perfect agreement between the variables X and Y,
meaning that every data point is ranked the same in both variables and is ordered in exactly the
same way [26]. When 1(x,v) = —1.00, it means that two variables have completely different orders
for a given collection of data points. Under this situation, a single data point is ranked first in one
variable, ranked last in another, and so on [26]. There is no association between the two variables'
rank order when t(x, y) = 0.00.

Sen’s Trend Slope Method

This non-parametric method can be applied when there is a linear trend for the unit change
over time (actual slope). It can handle missing data and is not impacted by extreme values or data
errors [25, 27]. The following formula determines the N Q; parameters at times j and k, which are
sorted from smallest to largest and represented as x; and xx (when j > k) [23].
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N=nn-1)/2 5)
0; = (x;:—;”‘) (i=1,..,N) (6)

Sen's slope estimator, a useful statistic for estimating the linear trend slope parameter, is
the median of these N Q; values [23]. The following seventh equation is utilized when the number
N is odd, and the following eighth equation is utilized when the number N is even to determine the
unit change in the pertinent observations over time.

Qmedian = Q(N+1)/2 (7)
|Qn/2+Q )
Qmedian = w (8)

Using Sen's non-parametric method, the obtained Qmedian Value is evaluated using a two-
sided test within a 100(1-a) % confidence interval, and the true slope is determined [25-27].

RESULTS AND DISCUSSION

The trend analysis results of Konya's average monthly total precipitation data are given in Table
2. For ordinal data, Kendall's tau is a correlation measure. It shows the average monthly total
precipitation data's trend's strength and direction. A strong increasing trend is indicated by values near
1, a strong declining trend is shown by values close to —1, and no significant trend is indicated by values
close to 0. As indicated in Table 1, the values for January through December vary from —0.087 to 0.121,
with the majority of values being near 0. Because Kendall's tau values are close to zero, these values are
indicating weak or no significant monotonic trend. The null hypothesis that there is no trend in the data
is tested by the p-value linked to Kendall's tau. Table 1 also shows that the majority of the p-values are
high (greater than 0.05), indicating that there is not enough evidence to reject the null hypothesis of no
trend for each month. Fiaz Hussain et al. conducted analysis of precipitation data using methods such as
Innovative Trend Pivot Analysis Method and Trend Polygon Star Concept for Soan River Basin in
Pakistan [28]. The findings indicated that there were increasing and decreasing trends in different time
periods [28]. The findings are supported by the comparison with the results of a similar study in the
Soan River Basin, and the p-values associated with Kendall's tau confirm the lack of evidence to reject
the null hypothesis of no trend for each month.

Table 2. Trend Analysis Results of Average Monthly Total Precipitation Data

Series\Test Kendall'stau p-value Sen'sslope

January 0,020 0,777 0,032
February -0,087 0,220 —-0,087
March -0,030 0,671 -0,026
April 0,027 0,703 0,032
May -0,017 0,813 -0,025
June 0,001 0,989 0,000
July —-0,047 0,534 -0,008
August 0,121 0,141 0,013
September 0,023 0,756 0,006
October 0,077 0,280 0,104
November 0,075 0,297 0,094
December 0,029 0,691 0,049

Sen's slope, which provides an indication of the trend's magnitude, is the median of all slopes
between paired data points. The average monthly precipitation data has values ranging from —0.087 to
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0.121, most of which show quite minor trends (Table 2) and these values suggest that if a trend exists,
it is not particularly steep. Sen’s innovative and trend analysis for analysis was employed for Duzce,
Zonguldak, Bartin, Kastamonu, and Sinop provinces in Turkey using data of sea surface
temperatures,wind directions and wind speeds by Ceyhunlu et al. [29]. The results indicated that a rise
in high wind speeds (15-25 m/s), an upward trend in medium wind directions (120°-160°), and an
increase in sea surface temperature at elevated levels (15-27 °C) were noted using Sen’s Innovative
Method. Conversely, a decrease in daily analyses of wind speed was observed through trend analysis
methods such as Mann—Kendall and Spearman Rho [29]. This suggests that different trend analysis
methods may yield contrasting results, emphasizing the importance of choosing an appropriate method
for the specific characteristics of the data under investigation.

As shown in Table 3, the values range from —0.248 to —0.007, indicating a general decreasing
trend in relative humidity for most months and several months have p-values less than 0.05 (January,
June, December). The negative Kendall's tau values for the months of January, June, and December are
linked to significant p-values (less than 0.05), suggesting a statistically significant decreasing trend in
relative humidity throughout these months.

Table 3. Trend Analysis Results of Average Relative Humidity Data

Series\Test Kendall'stau p-value Sen'sslope

January -0,170 0,029 —-0,047
February —-0,145 0,062 —-0,055
March —-0,086 0,271 -0,041
April —-0,007 0,929 0,000
May -0,083 0,282 -0,029
June -0,182 0,019 -0,076
July —-0,033 0,675 —0,006
August 0,075 0,338 0,029
September —-0,056 0,471 —0,027
October -0,008 0,924 0,000
November -0,111 0,149 —0,045
December —-0,248 0,001 —0,048

Sen’'s slope values are generally low (Table 3), suggesting a gradual or weak decreasing trend
in relative humidity. Achite et al. [30] investigated the precipitation data from six stations in Algeria's
Wadi Ouahrane basin, spanning the years 1972 to 2018, and analyzed for precipitation changes using
the innovative trend risk analysis (ITRA), innovative trend pivot analysis (ITPAM), and trend polygon
star (TPS) visualization methodologies. According to the study, the ITRA graphs indicated the direction
of precipitation trends and assign a risk class to each trend. Discrepancies in polygons from ITPAM
graphs revealed seasonal variations and trends in precipitation across different sites. TPS maps
illustrated monthly precipitation variations, emphasizing transitions between dry and wet seasons. In the
ITRA results, lower and medium precipitation regimes exhibited less trend, while imbalances are
observed in high precipitation regimes. IPTAM method application indicated an overall increasing trend
in precipitation [30]. According to the IPTAM approach, the study by Achite et al. [30] on precipitation
data in Algeria's Wadi Ouahrane basin suggests an overall increasing trend in precipitation. It also
provides insights into seasonal fluctuations, risk assessment, and precipitation trends utilizing cutting-
edge analysis methodologies.

CONCLUSION

Trend analysis of precipitation and relative humidity could be an indicator of climate change,
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be used to predict potential floods, droughts, or other natural disasters in certain regions, significantly
affect agricultural productivity. Konya has 12.2% of Turkey's total arable land and contains population
of over 1,390,000. Therefore, it is crucial to determine the trend analysis of precipitation and relative
humidity for Konya.

In conclusion, the trend analysis results for the average monthly total precipitation data in Konya
reveal varied patterns across different months. While some months exhibit positive trends, indicating an
increasing pattern, others show negative trends, suggesting a decreasing pattern. However, it's important
to note that many of these trends are not statistically significant, as evidenced by the p-values exceeding
conventional significance levels.

Similarly, the trend analysis of average relative humidity data presents a mixed picture. Several
months demonstrate negative trends, suggesting a decline in relative humidity, while a few months show
positive trends, indicating an increase. Again, the statistical significance of these trends varies, with
some being significant and others not.

Overall, the results highlight the complexity and variability in precipitation and relative
humidity patterns in Konya. It is crucial to consider these findings cautiously and explore additional
factors that may contribute to the observed trends. Future research and monitoring efforts should aim to
provide a more comprehensive understanding of the climate dynamics in Konya, helping to inform
climate resilience strategies and water resource management in the region. According to this study,
scenarios and climate models that do not forecast appreciable variations in Konya's precipitation and
relative humidity could be used as references when anticipating climate change.
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ABSTRACT

Decision-makers face a major challenge in determining which of the alternative tests to use,
especially in binary (positive/negative) classification problems. The performance of a classifier
in selecting between two options, including diagnostic tests used to diagnose a disease in
medicine, is an important research problem. ROC (Receiver Operating Characteristic) analysis is
a statistical method that can map the performance of these tests in detail and identify the optimal
cut-off value for decision making. Current cut-off value calculations employed in literature use
sensitivity and specificity values. Accuracy is also another measure that should be considered in
the calculation of the cut-off value, as well as sensitivity and specificity values. In this study, we
focused on the calculation of alternative cut-off values based on accuracy. The existing Youden
index, corner distance index, compatibility probability index, and unity index methods were
adapted with accuracy and new methods were proposed. In cases where positive and negative
cases have a symmetric distribution, the existing and adapted indices were compared with equal
weights. The performance of a total of 8 different cut-off values was evaluated over 20,000 trials
using Monte-Carlo simulation in the R program. According to the simulation results, the proposed
adapted methods were shown to have at least the same accuracy as the existing methods.
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Fen ve Miihendislik Bilimleri Dergisi

GiRiS (INTRODUCTION)

Karar verme ihtiyact giinliikk yasantinin vazgecilmez bir parcasidir. Karar vermede iki
alternatif arasinda kalmak giinliik yasantida siklikla karsilasilan bir durumdur. Ornegin bir doktor
tahlil sonuglarina bakarak hastanin kanser olup olmadigina ya da ameliyat edilip edilmeyecegine,
askeri operasyonlarda radara giren bir objenin tehdit olusturup olusturmadigina, bir bilgisayar
uygulamasinin viriis igerip igermedigine veya veri setinde aykir1 (anomali, outlier) degerlerin olup
olmadigina karar vermek durumunda kalinabilir.

Iki alternatif arasinda karar verirken alic1 isletim karakteristigi literatiirde yaygin bilinen
adiyla Receiver Operating Characteristic (ROC) analizi istatistiksel olarak bir karar verme amaciyla
ve siniflama calismalarinin performanslarinin degerlendirilmesinde siklikla kullanilmaktadir. ROC
analizi giinimiizde tiptan biyometriye, meteorolojik olaylardan dogal afetlere, makine
o0greniminden model performanslarinin karsilastirilmasina kadar pek ¢ok farkli kullanim alanina
sahiptir. ROC analizi sinyal algilama teorisi ile ilgili temel calismalardan biridir ve bu alandaki
gelismelere odaklanarak ilk olarak askeri radar operasyonlarindaki gézlemcilerin performansini
degerlendirmek i¢in kullanildi [1]. Daha sonraki donemlerde bu analiz uygulamalarda daha ¢ok
ikili siniflandiric1 degiskenin ayirt etme sinir1 degistikce tanilama yetenegini gorsellestiren bir
grafiksel yontem olarak kullanildi [2]. Bu gorsellik igerisinde ROC egrisinin altindaki alani 6lgen
Area Under Curve (AUC) degeri, tiim olas1 siniflandirma sinirlarinda toplu bir performans 6l¢iisi
de saglar [3].

ROC analizi tani testlerinin degerlendirmesinde siklikla kullanilmaktadir. Tan1 testinin
yorumlanabilmesi igin testin iizerinde uyguladig1 olgularin, ger¢ek tani sonuglarinin bilinmesi
gerekmektedir. Saglik alaninda bir hastalik tanisin1 belirlemede “gold-standard” yontem olarak
isimlendirilen dogru sonuclar verdigi literatiirde herkes tarafindan kabul edilen bir yontem referans
olarak kullanilir. Bu yontemde sonuglar klinik siireg, cerrahi dogrulama, otopsi ve bazi olgularda
bir uzmanin danigmanligi ile elde edilir [4]. Tan1 testlerinde taninin konulabilmesi i¢in bir kesme
degerinin hesaplanmasi 6nem arz etmektedir. Bu kesme degeri literatiirde 6zellikle tip alaninda
ROC analizi ile tani testi ¢aligmalarinda yaygin bir bi¢imde kullanilmaktadir [5-10]. Tan
testlerinde kesme degeri pozitif olgu ile negatif olgunun ayirt edilmesinde kullanilmistir. Bu kesme
degeri hesaplamalar1 ROC analizinin ilk zamanlarina dayanir [11]. Literatiirde en iyi kesme degeri
hesaplama ve bu yontemlerin karsilagtirmalariyla ilgili calismalar giincelligini korumaktadir.

Bu caligmada ROC analizinde kesme degerinin hesaplanmasinda 6nemli bir yere sahip olan
pozitif olgular igerisindeki dogruluk orami ile negatif olgulardaki dogruluk oranlari dikkate
alinmistir. Bu nedenle literatiirde yaygin olarak kullanilan duyarlilik ve 6zgiilliikk degerleriyle
hesaplanan kesme degerleri, dogruluk degerlerini icerecek sekilde yeniden uyarlanarak dort yeni
kesme degeri Onerilmistir. Mevcut ve yeni degerlerin performans karsilastirmalari farkli durumlar
icin detayli bir simiilasyon ¢alismasiyla incelenmistir.

MATERYAL VE METOD (MATERIALS AND METHODS)
Bir tani testinde olusabilecek tiim olasi haller karisiklik matrisi (confusion matrix) ile
belirlenir. Karigiklik matrisi bir tam testinde dogru pozitif, dogru negatif, yanhs pozitif ve yanls

negatif olas1 seklinde dort farkli durumu igerir. Tablo 1’°de verilen ve tan1 testlerinde yaygin olarak
kullanilan tanimlar;

Dogru Pozitif (True Positive)
Gergekte var olan olgularda, test sonucunda da varligi goriilen durumlar
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Dogru Negatif (True Negative)
Gergekte var olmayan olgularda, test sonucunda varligi gériilmeyen durumlar

Yanhs Pozitif (False Positive)
Gergekte var olmayan olgularda, test sonucunda varligi goriilen durumlar

Yanlis negatif (false negative)

Gergekte var olan olgularda, test sonucunda varligi goriilmeyen durumlar ile ifade edilebilir.
Tablo 1. Bir tan: testinde olusabilecek durumlar, karisiklik matrisi (Situations that may occur in a diagnostic
test, confusion matrix)

Gercek Durum (Olgu)

Test Sonucu Pozitif Negatif Toplam
Pozitif Dogru Pozitif (a)  Yanlis Pozitif (b) a+b
Negatif Yanlis Negatif (c) Dogru Negatif (d) c+d
Toplam a+c b+d a+b+c+d
Duyarhlik (Sensitivity)

Testin, gercekte pozitif olan olgular1 dogru tespit edebilme oranidir.
Duyarlilik = a / (a + ¢)

Ozgiilliik (Specificity)
Testin, gercekte negatif olan olgular1 dogru tespit edebilme oranidir.
Ozgiillik = d / (b + d)

Dogruluk (Accuracy)
Dogru negatif ile dogru pozitif degerlerinin toplam oranidir.
Dogruluk=(a+d)/(a+b+c+d)

Egri Altindaki Alan (AUC)

ROC egrisi grafigindeki egri altindaki tiim alanin dlctisiidiir. AUC, kesme degerlerine karsilik
olasi tiim siniflandirmalardaki performans 6lgiisiinii gosterir. Bu nedenle mevcut iki tan testi arasinda
AUC olgiisti daha biiyiik olanin digerine kiyasla daha yiiksek ayiriciliga sahip oldugu belirlenir. Bir
degiskenin etkin bir ayirt ediciliginden bahsedebilmek i¢in o degiskene ait AUC giiven araligi i¢erisinde
0,5’in yer almamasi gerekir. ROC egrisi grafigi, degiskenlerin degisim araligindaki tiim ara degerlerine
gore sirasiyla karisiklik matrisleri bulunarak, Duyarlilik degerlerine karsilik 1-Ozgiilliik degerlerinin
noktalanmasi ile olusturulur.

Kesme Degeri Hesaplama Yontemleri (Cut-off VValue Calculation Methods)

Kesme (sinir, esik, cut-off, threshold) degeri, tam igin pozitif olgu ile negatif olguyu ayristirici
olan degerdir. Tani testinin kesme degerinin hesaplanmasinda pozitif olgular i¢erisindeki dogruluk orani
ile negatif olgulardaki dogruluk oranlar1 6nem arz etmektedir. Bu nedenle literatiirde yaygin olarak
Duyarlihk ve Ozgiillik degerlerine iliskin kesme degeri hesaplama yontemleri bulunmaktadir.
Literatiirde kullanilan bazi kesme degeri hesaplama yontemleri:

Youden Indeksi (Youden Index)
Youden indeksi, ROC egrisi lizerindeki noktalarin ters kosegene olan uzakliklaridir.
Y = Duyarhlik + Ozgiillik — 1

Bu uzakliklar igerisindeki en biiyiik deger kesme degeri olarak kabul edilebilir [11]. Hesaplama
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pratikliginden ve sonuglarin tutarliligindan dolay:r literatiirde en yaygin kullanilan kesme deger
yontemidir.

Kose Uzakhg indeksi (Corner Distance Index)

ROC egrisinde (0,1) noktasina yani grafigin sol iist kdsesine olan mesafedir. Bu mesafe,

KU = \/(1 — Duyarlilik)? + (1 — Ozgiilliik)>2

bi¢ciminde hesaplanir. Kesme degeri bu mesafeyi en kiiciikleyen deger olarak belirlenir [12].
Uyum Olasiig indeksi (Probability of Fit Index)

Uyum olasilig1 indeksi Liu (2012) tarafindan Onerilmistir. Bu yonteme gore kesme degeri
Duyarlilik ile Ozgiilliik degerlerinin ¢arpimini en biiyiikleyen deger olarak belirlenir [13].

UO = Duyarhlik x Ozgiilliik
Birlik indeksi (Index of Union)

Duyarhlik ve Ozgiilliik degerlerinin ayn1 anda hem AUC degerine yakin olmas1 hem de bu iki
degerin birbirine yakin olmasi diisiincesi ile kesme degeri,

B = |Duyarhlik — AUC| + |Ozgiilliik — AUC|
bu uzaklig1 en kiigiikleyen deger olarak belirlenir [14].
Uyarlanmis Yeni Yontemler (Adapted New Methods)

Uygulamalarda ROC analizi sonrasinda Duyarlilik ve Ozgiilliik kadar Dogruluk degerinin de
I’e yakin olmasi arzulanan bir durumdur. Bu acidan Dogruluk degerinin de kesme degerinin
hesaplanmasina katki saglayabilecegi paralel bir diisiincedir. Sirasiyla Y, KU, UO ve B indeksi
yontemlerinin Dogruluk ile uyarlanmis halleri,

Yy = Duyarhlik + Ozgiilliik + Dogruluk

KUy = J(l — Duyarlihk)? + (1 — Ozgiilliik)2 + (1 — Dogruluk)?

UOpy = Duyarlihk X Ozgiilliik X Dogruluk
By = |Duyarhlik — AUC| + |Ozgiillitk — AUC| + |Dogruluk — AUC]|
esitlikleri ile tanimlanmustur.
Uygulama ve Performans Degerlendirmesi (Application and Performance Evaluation)

Uygulamada mevcut ve uyarlanmig halleri ile toplamda 8 ayr1 yontem ile kesme degerlerinin
performanslart R programinda Monte-Carlo simiilasyonu ile 20000 deneme {izerinden
degerlendirilmistir. Orneklem hacimleri sirasiyla n=10, n=20, n=50 ve n=100 alinmustir. Simiilasyon
caligmasinda gercekte negatif olgular ~N (u4, 0,), pozitif olgular ise ~N (u,, 0,) dagilimli kitleden esit
agirlikli olacak sekilde kurgulanmistir. Bu dagilimlardaki parametrelerden (4, pt,) ortalama degerleri
strastyla (20, 21), (20, 22), (20, 23) ve (o4, 0;) Standart sapma degerleri de sirastyla (1, 1), (1, 2) ve
(1, 3) alinmustir. Her bir simiilasyonda yontemlere ait kesme degerlerine bagli dogruluk oranlart
hesaplanarak performans karsilastirmalar1 dogruluk oranlar kriterine gore incelenmistir.

BULGULAR (RESULTS)

Mevcut yontemler ve uyarlanmis yeni yontemlerin karsilastirildigi simiilasyon ¢alismasindan
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elde edilen dogruluk orani degerleri Tablo 2-5’te, ilgili grafikler de Sekil 1-4’te verilmistir.

Tablo 2. Orneklem hacmi 10 igin simiilasyonlarda dogruluk oranlar: (Accuracy rates in simulations for sample

size 10)
(ﬂl, [lz) (0'1,0'2) Y Ywm KU KUm uo UOwm B Bwm
(1,1) 0,79724 0,79724 0,79225 0,79590 0,79580 0,79580 0,72710 0,73704
(20,21) (1,2) 0,76144 0,76144 0,75344 0,75835 0,75799 0,75799 0,65308 0,66028
(1,3) 0,75326 0,75326 0,74457 0,74946 0,74839 0,74839 0,61356 0,61903
(1,1) 0,91300 0,91300 0,91248 0,91297 0,91297 0,91297 0,89109 0,89872
(20,22) (1,2) 0,84795 0,84795 0,84522 0,84752 0,84750 0,84750 0,78695 0,79642
(1,3) 081552 0,81552 0,81083 0,81440 0,81430 0,81430 0,71808 0,72576
(1,1) 097460 0,97460 0,97460 0,97460 0,97460 0,97460 0,97104 0,97330
(20,23) (1,2) 0,91380 0,91380 0,91331 0,91376 0,91376 0,91376 0,88327 0,89106
(1,3) 0,87048 0,87048 0,86855 0,87022 0,87022 0,87022 0,80683 0,81547
(6,=10,=1) (61=1,0,=2) (0,=10,=3)
1,000
0,950
Y
0,900
|y,
_ 0850 !
= KU
< 0800
E | KUM
o 0,750
= uo
S 0,700
’E” B UOy
0,650
e B
0,600
0,550
0,500

(1) (ug ) (R 1)
(20,21) (20,22) (20,23)

() (o) (g, pp)
(20,21) (20,22) (20,23)

(1) (n,m2) ((TPTPY)
(20,21) (20,22) (20,23)

Sekil 1. Orneklem hacmi 10 igin simiilasyonlarda dogruluk oranlarimin grafigi (Graph of accuracy rates
in simulations for sample size 10)

Tablo 2 ve Sekil 1 incelendiginde 6rnek hacmi (n=10) durumunda Yy; ve UOy indekslerinin Y
ve UO indeksleriyle aynit dogruluk oranina sahip oldugu, KUy ve By indekslerinin ise KU ve B
indekslerinden daha yiiksek dogruluk oranlarina sahip oldugu bulunmustur.

Tablo 3. Orneklem hacmi 20 i¢in simiilasyonlarda dogruluk oranlar: (Accuracy rates in simulations for sample

size 20)

(11, 12)

(01,02)

Y

Ywm

KU

KUm

uo

UOwm

B

Bwm

(20,21)

11
(1,2)
(1.3)

0,76971
0,73579
0,73248

0,76971
0,73579
0,73248

0,76264
0,72350
0,71777

0,76556
0,72870
0,72422

0,76796
0,73057
0,72569

0,76910
0,73379
0,73000

0,72370
0,64930
0,61006

0,72900
0,65378
0,61408

(20,22)

(€Y)
(1,2)
(1.3)

0,89440
0,82681
0,79695

0,89440
0,82681
0,79695

0,89229
0,82081
0,78816

0,89375
0,82338
0,79158

0,89437
0,82603
0,79492

0,89440
0,82663
0,79648

0,87901
0,78001
0,71322

0,88421
0,78609
0,71871

(20,23)

(€Y)
(1,2)
(1L.3)

0,96521
0,89863
0,85489

0,96521
0,89863
0,85489

0,96506
0,89627
0,84981

0,96520
0,89777
0,85219

0,96521
0,89859
0,85449

0,96521
0,89863
0,85484

0,96271
0,87495
0,79964

0,96420
0,87998
0,80533
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1,000 @ =10=1 (01=10,=2) (6,=10,=3)

0,950
0,900 Y

0,850 ol
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0,800

B KUy
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mUo
0,700

H UOy
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0,600 s,
0,550
0,500
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Sekil 2. Orneklem hacmi 20 igin simiilasyonlarda dogruluk oranlarimn grafigi (Graph of accuracy rates
in simulations for sample size 20)

Dogruluk Oranlari

Tablo 3 ve Sekil 2 incelendiginde 6rnek hacmi (n=20) olmas1 durumunda Yy ve Y indekslerinin
ayn1 dogruluk oranina sahip oldugu, KUy , UOy ve By indekslerinin dogruluk degerlerinin ise sirasiyla
KU, UO ve B indekslerinden daha yiiksek dogruluk oranlarina sahip oldugu bulunmustur.

Tablo 4. Orneklem hacmi 50 i¢in simiilasyonlarda dogruluk oranlar: (Accuracy rates in simulations for sample
size 50)

(M pz2) (61,03) Y Ywm KU KUsw UO  UOwm B Bwm
(1,1) 0,73958 0,73958 0,73355 0,73605 0,73781 0,73874 0,71626 0,71831
(20,21) (1,2) 0,71145 0,71145 0,69569 0,70189 0,70532 0,70843 0,64822 0,65046
(1,3) 0,71360 0,71360 0,69182 0,70131 0,70605 0,71026 0,60946 0,61111
(1,1) 0,87406 0,87406 0,87135 0,87260 0,87401 0,87405 0,86767 0,86906
(20,22) (1,2) 0,80454 0,80454 0,79618 0,79974 0,80341 0,80415 0,77281 0,77521
(1,3) 0,77921 0,77921 0,76488 0,77141 0,77690 0,77834 0,71087 0,71340
(1,1) 095490 0,95490 0,95412 0,95460 0,95490 0,95490 0,95323 0,95419
(20,23) (1,2) 0,88198 0,88198 0,87792 0,87965 0,88190 0,88197 0,86684 0,86896
(1,3) 0,83946 0,83946 0,83077 0,83464 0,83892 0,83929 0,79610 0,79892

(6,=10,=1) (01=10,=2) (6,=10,=3)
1,000

0,950
0,900

0,850 = Yu

m KU
0,800

B KUy
0,750

mUO
0,700

HUOy
0,650 .
0,600 o,
0,550
0,500

o) () ()i (i) (M) (i) i (g, ) (o) (g 1p)
(20,21) (20,22) (20,23);(20,21) (20,22) (20,23);(20,21) (20,22) (20,23

Sekil 3. Orneklem hacmi 50 igin simiilasyonlarda dogruluk oranlarimn grafigi (Graph of accuracy rates
in simulations for sample size 50)
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Dogruluk Oranlari
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Tablo 4 ve Sekil 3 incelendiginde drnek hacmi (n=50) olmasi durumunda Yy, ve Y indekslerinin
ayn1 dogruluk oranina sahip oldugu, KUy , UOy ve By indekslerinin dogruluk degerlerinin ise sirasiyla
KU, UO ve B indekslerinden daha yiiksek dogruluk oranlarina sahip oldugu bulunmustur.

Tablo 5. Orneklem hacmi 100 icin simiilasyonlarda dogruluk oranlar: (Accuracy rates in simulations for sample
size 100)

(U1, 12) (01,07) Y Ym KU KUm uo UOwm B Bm
(1,1) 0,72407 0,72407 0,71951 0,72125 0,72258 0,72331 0,71162 0,71244
(20,21) (1,2) 0,69867 0,69867 0,68194 0,68816 0,69191 0,69506 0,64590 0,64708
(1,3) 0,70370 0,70370 0,67977 0,68994 0,69566 0,69988 0,60909 0,61027
(1,1) 0,86380 0,86380 0,86158 0,86257 0,86372 0,86377 0,86125 0,86165
(20,22) (1,2) 0,79344 0,79344 0,78480 0,78814 0,79206 0,79286 0,76908 0,77021
(1,3) 0,76944 0,76944 0,75335 0,76027 0,76671 0,76823 0,70863 0,71016
(1,1) 0,94820 0,94820 0,94725 0,94770 0,94820 0,94820 0,94745 0,94779
(20,23) (1,2) 087307 0,87307 0,86835 0,87039 0,87294 0,87305 0,86273 0,86367
(1,3) 083071 0,83071 0,82035 0,82476 0,82992 0,83046 0,79385 0,79534

(0'1 =1, g, = 1) (0'1 =10, = Z) (0'1 =1, g, = 3)

1,000

0,950

0,900 !

0,850 .
g KU
= 0,800
© W KUy
= 0,750
g uo
S 0,700
5 HUOy
5 0,650 B
o
(=]

0,600 BBy

0,550

0,500

1) (i) (k)i () () (g i) | (pg, ) () (g, 1)
(20,21) (20,22) (20,23) (20,21) (20,22) (20,23) (20,21) (20,22) (20,23)

Sekil 4. Orneklem hacmi 100 i¢in simiilasyonlarda dogruluk oranlarimin grafigi (Graph of accuracy rates
in simulations for sample size 100)

Tablo 5 ve Sekil 4 incelendiginde 6rnek hacmi (n=50) olmas1 durumunda Yy, ve Y indekslerinin
ayni dogruluk oranina sahip oldugu KUy, UOy ve By indekslerinin dogruluk degerlerinin ise sirastyla
KU, UO ve B indekslerinden daha yiiksek dogruluk oranlarina sahip oldugu bulunmustur.

TARTISMA VE SONUCLAR (DISCUSSION AND CONCLUSIONS)

ROC analizinde mevcut ve yeni Onerilen uyarlanmis kesme degerlerinin karsilastirildigi bu
caligmada, Monte-Carlo simiilasyon sonuglar1 Tablo 2-5’te yer almaktadir. Bu sonuglarda pozitif olgu
ile negatif olgularin geldikleri dagilimin kitle ortalama degerleri arasindaki fark arttik¢a dogruluk
oranlarinin arttig1, pozitif olgulara iligkin kitle varyansinin artmast durumunda ise dogruluk oranlarinin
azaldig1 gorillmustiir. Kiiglik 6rneklem hacimlerinde dogruluk oranlari beklenilenden yiiksek ¢ikmustir.
Genel olarak tim durumlarda dogruluk oranina gére Youden indeks degeri en yiiksek, Birlik indeks
degeri de en diisiik performansi sergilemislerdir.

Youden indeksi haricinde diger tiim yontemler i¢in Onerilen uyarlanmis kesme deger
yaklagimlarinin daha iyi dogruluk oranina sahip oldugu goriilmiistiir. Youden indeksi ile uyarlanmis
yeni yontem ayni1 dogruluk oran degerlerine sahiptir. Uyum Orani indeksinde 6rneklem hacmi 10 iken
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uyarlanmig yontem mevcut olan ydntemle ayni sonucu vermistir. Bu sonuglara goére Onerilen
yontemlerin uygulamalarda kullanilmasi dogruluk oranini iyilestirecegi soylenebilir.
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Bu ¢aligmada, Tiirkiye’nin endemik bitkilerinden biri olan madimak (Polygonum cognatum)
kurutularak toz haline getirilmis ve farkli oranlarda (%0, 5, 10, 15, 20) eriste formiilasyonunda
kullanilmstir. Eriste tiretimi yumurtali ve yumurtasiz olarak gerceklestirilmigtir. Madimak tozu ve
yumurta ilavesinin eristenin renk, teknolojik, fonksiyonel ve duyusal 6zellikleri iizerine etkileri
aragtirllmistir. Yumurta kullanimi eriste 6rneklerinin renk degerini (L* ve b*), pisme 6zelliklerini,
antioksidan aktivite ve fenolik madde igeriklerini 6nemli derecede etkilemistir. Yumurta ilavesi
ayrica eriste 6rneklerinin pigirme sirasinda suya gecen madde miktarini azaltarak eristeleri teknolojik
olarak gelistirmistir. Madimak tozunun %20 oraninda ilavesi ile 6rneklerin ortalama agirlik ve hacim
artig1 degerleri yaklasik olarak %24,78 ve %56,88 oraninda artig gostermistir. Madimak tozunun
artan orany, eristelerin analiz edilen biyoaktifi¢erigini 6nemli 6l¢tide artirmig, bu artig yumurta ilaveli
orneklerde daha fazla oranda gergeklesmistir. Duyusal analiz sonuglari, %5 ve 10 madimak tozu
ilaveli orneklerin genel olarak duyusal 6zelliklerinin kontrol eriste 6rnegine benzer oldugunu,
%10’nun lizerinde kullaniminin ise duyusal 6zellikleri olumsuz yonde etkiledigini géstermistir.
Bununla birlikte, ¢ig eriste formiilasyonunda yumurta kullaniminin 6zellikle renk, goriiniis ve
kirilabilirlik 6zellikleri, pismis eriste drneklerinde ise tiim 6zellikleri olumlu etkiledigi belirlenmistir.
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ABSTRACT

In this study, madimak (Polygonum cognatum), one of Turkey's endemic plants, was dried and used
in noodle formulation as powder form at different rates (0, 5, 10, 15, 20%). Noodle production was
carried out with and without egg. The effects of madimak powder and egg addition on the color,
technological, functional and sensory properties of noodles were investigated. The use of egg
significantly affected the color value (L* and b*), cooking properties, antioxidant and phenolic
contents of noodle samples. Egg addition technologically improved noodles by reducing cooking
loss during cooking. With the addition of 20% madimak powder, the weight and volume increase
values of the samples increased by 24.78% and 56.87%, respectively. The increasing proportion of
madimak powder significantly increased the analyzed bioactive content of the noodles, and this
increase occurred at a higher rate in the egg-added samples. Sensory analysis results showed that the
sensory properties of the samples with 5 and 10% madimak powder were generally similar to the
control noodle sample, while the use of more than 10% negatively affected the sensory parameters.
However, it was determined that the use of egg in raw noodle formulation positively affected
especially the color, appearance and breakability parameters, and all parameters in cooked noodle
samples.
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Yumurtalr ve yumurtasiz formiile edilen Madimak (Polygonum cognatum) tozu iaveli eristelerin fonksiyonel
icerigi ve duyusal ozellikleri

GiRiS (INTRODUCTION)

Eriste tipik olarak irmik ve bugday unu veya bunlarin kombinasyonundan elde edilen tahil
bazli bir {riindiir [1]. Eriste pek cok iilkede farkli formiilasyon ve iiretim teknikleri ile iiretilen
yaygin tiikketime sahip bir iirlindiir. Eristeler basit olarak "beyaz tuzlu", "alkali" ve "yumurtal1"
eriste olarak siniflandirilabilir. Beyaz tuzlu eristeler esas olarak un, su ve NaCl igerir; alkali
eristeler, sodyum ve potasyum karbonat tuzlarinin gesitli kombinasyonlarin1 (bazen sodyum
hidroksit); ve yumurtali eristeler, sivi veya kurutulmus olarak eklenen yumurtalar igerir [1,2].
Ulkemizde ise eriste yaygin olarak bugday unu, su, sofra tuzu ve yumurtadan iiretilir. Eristenin
muazzam bir renk yelpazesi vardir. Renkteki ¢esitlilik eriste ingredientlerine (6rnegin alkali
tuzlarin veya yumurtalarin varligi/yoklugu) ve bugday cesidine (“genotip”) atfedilebilir [3, 4, 5].
Beyaz tuzlu eristelerde, unun dogal rengi mevcuttur [6]. Alkali eristeler ntr pH'ta renksiz olan,
ancak nisastadan ayrilan ve yiiksek pH'ta sariya donen flavon apigenin-glikozitlerden dolay:
degisken miktarda sar1 renk pigmenti igerirler. Yumurtali eristeler ise yumurta sarisindaki
pigmentler nedeniyle beyaz tuzlu eristeler ve alkali eristelerden daha fazla miktarda sar1 renge
sahiptirler [7, 8].

Tahillarin saglik iizerindeki olumlu etkilerini gosteren ¢alismalara olan ilginin artmasiyla
birlikte makarna ve benzeri gida {riinlerinin iretimindeki modern egilimler arasinda kolesterol
kontrolii nedeniyle yumurta kullaniminin azaltilmasi yer almaktadir. Ayrica, yumurtanin yiiksek
kolesterolii yaninda, gida giivenligi ve yiiksek maliyeti konusundaki endiseler yumurtanin yerini
alacak bitkisel kaynakli protein ikamelerinin kullanilmasinin oniinii agmistir. Ancak yumurta,
cesitli teknolojik 6zellikleri nedeniyle bir¢ok gida tiriiniinde kullanilan fonksiyonel bir iiriindiir [9,
10]. Yumurta, makarna ve benzeri iriinlerin besin icerigini, rengini, dokusunu ve pisme
ozelliklerini gelistirmek icin kullanilmaktadir [11]. Yumurta albiimini proteini, yumurtali
eristelerde saglam bir doku olusumuna yardim ederek ve pisirme sirasinda nisastayr tutan agi
giiglendirerek pisirme kalitesini artirirken, yumurta sarisi eristeye koyu sar1 bir renk vermektedir
[12].

Anadolu, bitki ortiistiniin zenginligi a¢isindan diinyanin en dnemli bodlgelerinden birisi olup,
bu tiirlerin birgogunun endemik oldugu yani sadece Anadolu’da yetistigi bilinmektedir [13].
Madimak (Polygonum cognatum Meissn.), Kuzukulagigiller ailesinden ve toprak iistii yaprakl
govdesi sebze olarak tiiketilen Anadolu’nun endemik otsu bitkilerinden birisidir [13, 14, 15].
Bununla birlikte halk tarafindan idrar soktiiriicii ve diyabet gibi hastaliklarin tedavisinde
kullanilmaktadir [16,14,17]. Ulkemizde, 6zellikle Orta Anadolu’da (Yozgat, Tokat, Sivas, Amasya
illerinde) ilkbaharda yetismekte ve insanlar tarafindan yogun olarak tiiketilmektedir. Simdiye kadar
geleneksel olarak toplanarak evlerde tiiketilen madimak artan sehirlesmeyle birlikte ve tiiketicilerin
daha saglikli dogal kaynakli gidalara artan talebini karsilamak amaciyla ticari bir iiriin olarak
pazarlarda satilmaya baslanmistir [16, 17, 18,19].

Giinlimiizde yemek ve salatalar disinda madimak bitkisinin degerlendirildigi bir ¢alisma
bulunmamakla birlikte toplumun her kesimi tarafindan yaygin sekilde tiiketilen eristenin
formiilasyonunda madimak tozunun kullanildigi bu ¢alismanin amact; farkli oranlardaki madimak
tozunun eristelerin fiziksel, kimyasal ve duyusal 6zelliklerine etkisini degerlendirmektir. Ayrica
yumurtaya kars1 cesitli alerjik rahatsizliklar1 olan bireylerin tiikketimine uygun formiilasyonlarin
besinsel ve teknolojik 6zelliklerinin ortaya konulmasi amaglanmaistir.

MATERYAL VE METOD (MATERIALS AND METHODS)
Materyal (Materials)

Eriste Uretiminde kullanilmak {izere bugday unu, tuz ve yumurta (yumurtali eriste
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formiilasyonlar1 i¢in) Konya’da faaliyet gosteren yerel bir marketten satin alimmistir. Arastirmada
materyal olarak kullanilan madimak otu ise taze olarak Yozgat’tan temin edilmistir.

Yabanci maddelerinden ayrildiktan sonra yikanarak temizlenen madimaklar giinese maruz
birakilmadan oda sicakliginda 3 giin siiresince kurumaya birakilmiglardir. Laboratuvar tipi
ogiitiiciide (Argelik K3104, Istanbul, Tiirkiye) dgiitiiliip 500 um’lik metal elekten gegirilerek elde
edilen madimak tozu kavanozlara konularak kullanilincaya kadar -18°C’de (Vestel, CD6001-E,
Manisa, Tiirkiye) muhafaza edilmistir.

Metot (Methods)
Eriste Uretimi (Production of Noodle)

Yumurtali ve yumurtasiz eriste iiretiminde Ozkaya ve ark. [20]’nin eriste iiretim metodu
modifiye edilerek kullanilmistir. Yumurtali kontrol eriste formiilasyonu; 100 g bugday unu, 0.5 g
sofra tuzu, 40 g yumurta ve yeterli miktarda sudan olusmaktadir. Yumurtasiz kontrol eriste
formiilasyonu ise; 100 g bugday unu, 0.5 g sofra tuzu ve yeterli miktarda sudan olusmaktadir. Farkli
eriste formiilasyonlarinda kullanilan su miktarlart 6n denemelerle belirlenmis olup, 22 ml ile 32 ml
arasinda degisim gostermistir. Eriste formiilasyonlarinda madimak tozu %0, 5, 10, 15 ve 20
oranlarinda rafine bugday unu ile yer degistirme esasina gore kullanilmistir.

Fiziksel ve Teknolojik Analizler (Physical and Technologic Anaylzes)

Renk ol¢iimii (Color measurement); Bugday unu, madimak tozu, ¢ig ve pismis eriste
orneklerinin renk 6zellikleri Minolta CR-400 cihazi kullanilarak dl¢ililmiistiir. L* (parlaklik), a*
(kirmizi-yesil) ve b* (sar1- mavi) degerleri belirlenmis, Hue degeri a*>0 ve b*>0 i¢in arctan
(b*/a*); a* < 0 ve b > 0 icin Hue = arctan [b*/a*] + 180° formiilii ile, SI degeri ise (a*?+b™?)Y2
formiilii ile hesaplanmistir.

Pisme ozellikleri ve sikilik (Cooking properties and firmness); Yumurta ilavesiz ve yumurta
ilaveli eriste 6rneklerinin agirlik ve hacim artis1 degerleri Ozkaya ve Ozkaya [21] ve Oh ve ark.
[22] tarafindan belirtilen metot kullanilarak tespit edilmistir. Suya gecen madde miktarin1 (SGMM)
belirlemek i¢cin AACC [23] metodu kullanilmistir.

Eriste 6rneklerinin sikilik tayini AACC Standart Metot No: 16-50-01[24] yontemi esas
alinarak, tekstiir analiz cihaz1 (TA-XT plus, Stable Mikrosistemleri, 1ngiltere) ile
gerceklestirilmistir. Eristeler pisirildikten 5 dk sonra 3 adet eriste yan yana dizilerek diiz kesme
bigagi (7 cm x 11.5 cm x 3 0.3 cm) ile sikistirilarak sikilik degeri g olarak belirlenmistir. Her
numune i¢in bes 6l¢lim yapilmis ve sonuglar, bes 6l¢iimiin ortalamasi olarak verilmistir.

Antioksidan Aktivite Analizleri (Analysis of Antioxidant Activity)

Antioksidan aktivite analizinde DPPH, FRAP ve CUPRAC olmak iizere 3 farkli metot
kullanilmistir. 1 gr 6rnek 10 ml %80’lik metanolden olusan ekstraksiyon ¢dzeltisi (metanol / su,
80:20, v/v) ile karistirilmis ve karigim 2 saat oda sicakliginda (24+1 °C) calkalamali su banyosunda
calkalanmis ardindan 3000 rpm’ de 10 dk santrifiij edilmistir. Elde edilen siipernatantlar filtreden
gecirilerek analizlerde kullanilmustir.

DPPH metodu ile toplam antioksidan aktivite analizi; Hammadde ve 6rneklerin antioksidan
aktivite analizinde DPPH (2-2-Diphenyl-2-picrylhydrazyl) metodu Gyamfi ve ark. [25], ile Beta ve
ark. [26],’nin metodlar1 modifiye edilerek kullanilmistir. Metodun temelini, bir serbest radikal olan
DPPH’in Ornekte bulunan antioksidan maddeler tarafindan yok edilmesi esast olusturmaktadir.
Bunun i¢in 100 pl 6rnek ekstrakti tizerine yeni hazirlanmis 3.9 ml DPPH ¢o6zeltisi ilave edilmistir.
Karanlik ortamda 30 dakika bekletildikten sonra spektrofotometrede 517 nm’de absorbans

126



Yumurtalr ve yumurtasiz formiile edilen Madimak (Polygonum cognatum) tozu iaveli eristelerin fonksiyonel
icerigi ve duyusal ozellikleri

Olgtimleri yapilmistir. Sonuglar troloks esdegeri cinsinden ifade edilmistir.

FRAP metodu ile toplam antioksidan aktivite analizi; FRAP (Demir Indirgeme Antioksidan
Giicii) metodu ile aktivite tayininde Gao ve ark. [27] nin metodu kullanilmistir. 300 mmol/L asetat
tamponu, 10 mmol/L TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) ¢ozeltisi ile 20 mmol/L FeCls.6H>0
cOzeltisi sirast ile 10:1:1 oraninda karistirilarak analiz ¢6zeltisi hazirlanmistir. 50 pl 6rnek ekstrakt
iizerine 700 ul analiz ¢ozeltisi ilave edilerek karanlikta 5 dakika bekledikten sonra UV-Visible
spektrofotometrede 593 nm’de absorbans Ol¢iilmiistiir. Sonuglar troloks esdegeri cinsinden ifade
edilmistir.

CUPRAC metodu ile toplam antioksidan aktivite analizi; CUPRAC (Bakir (II) Iyonu
Indirgeme Esasli Antioksidan Kapasite) metodu ile antioksidan aktivite tayininde Apak ve ark.
[28]’nin metodu kullanilmistir. Bir cam tiip igerisine 102 M CuCI2, 1M NH4AC (Amonyum asetat
tamponu, Ph;7) ve 7.5x10 M neokuproin ¢ozeltisinden sirasiyla 1’er ml eklenmis ve iizerine 0.1
ml antioksidan ¢dzeltisi ve 1 ml distile su ilave edilip tiipler vortekslenmistir. Toplam hacim 4.1
ml olacak sekilde hazirlanan ¢ozeltiler oda kosullarinda agzi kapali olarak 30 dakika boyunca
bekletilmistir. Bu siire sonunda i¢inde ornek yerine ekstraksiyon ¢oOzeltisi bulunan referans
¢oOzeltiye karst 450 nm’de absorbans degerleri 6l¢lilmiistiir. Sonuglar troloks esdegeri cinsinden
ifade edilmistir.

Serbest, Bagl ve Toplam Fenolik Madde Miktar: Analizleri (Analysis of Free, Bound and
Total Phenolic Content)

Hammadde ve oOrneklerin, serbest ve bagli fenolik madde igeriginin belirlenmesi igin
ekstraksiyon islemi Vitali ve ark. [29] tarafindan belirtilen yonteme gore yapilmistir. Serbest
fenolik ekstraksiyonu i¢in; hammaddeler ve eriste 6rnekleri (1 g), 10 ml %1 asitlendirilmis (HCI)
metanol:su ¢ozeltisiyle (80:20, v/v) karistirilmistir. Karisim oda sicakliginda (24+1 °C) 2 saat
calkalanarak ekstrakte edilmis ve karisim 3000 rpm'de santrifiij edilerek ayrilan siipernatan, analiz
i¢in -20°C'de muhafaza edilmistir. Bagl fenolik ekstraksiyonu i¢in; serbest fenolik ekstraksiyonu
sonrasi geriye kalan kalinttya 20 ml metanol/H>SO4 (10:1) ilave edilmis ve karisim, 85°C'de
calkalamali su banyosunda 20 saat inkiibe edildikten sonra sogutulan siipernatan, santrifiijleme
yoluyla ayrilmis ve analiz edilinceye kadar -20°C'de muhafaza edilmistir.

Her bir ekstraktin serbest ve bagh fenolik miktari, Naczk ve Shahidi [30] tarafindan verilen
Folin-Ciocalteu kolorimetrik yontemine gore belirlenmistir. Toplam fenolik madde (TFM) miktart,
serbest ve bagli fenolik igerigin toplanmasiyla elde edilmistir. Standart olarak gallik asit kullanilmis
ve sonuglar kuru madde bazinda (serbest fenolik y=0.0014x-0.1072, R? = 0.9965 ve bagli fenolik
icin y=0.0012x+0.0662, R> = 0.9976) gallik asit esdegerleri (mg GAE kg™) cinsinden ifade
edilmistir.

Duyusal Analiz (Sensory Analysis)

Yumurta ilavesiz ve yumurta ilaveli eriste orneklerinin duyusal analizleri ¢ig ve pismis
orneklerde gergeklestirilmistir. Cig eriste 6rneklerinde renk, goriiniis, koku, kirilabilirlik ve genel
kabul edilebilirlik parametreleri, pismis orneklerde ise renk, goriiniig, tat, koku, yapiskanlik ve
genel kabul edilebilirlik parametreleri 12 panelist (23- 52 yas) tarafindan degerlendirilmistir.

Panelistler 6rneklerin duyusal parametrelerini, 1-7 hedonik skalasi (1: asir1 koétii, 7: asirt iyi)
kullanilarak degerlendirilmistir.

Istatistiksel Analizler (Statistical Analysis)

Istatistiksel analiz, JMP istatistik programi, siiriim 10.0 (SAS Institute Inc., Cary, NC,
ABD) kullanilarak gergeklestirilmistir. Ortalamalar ¢oklu karsilastirma testi kullanilarak
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karsilastirilmistir.
BULGULAR VE TARTISMA (RESULTS AND DISCUSSIONYS)
Eristelerin Renk Ozellikleri (Color Properties of Noodle Samples)

Eriste rengi tiiketicinin dikkate aldigi en onemli kalite &zelliklerinden biridir. Farkli
oranlarda madimak tozu kullanilarak iiretilen ¢ig (pismemis) ve pismis eriste Orneklerine ve
hammaddelere ait renk degerleri Tablo 1 ve 2’de verilmistir. Tablo 1 de goriilebilecegi gibi, ¢ig
eriste Orneklerinin renk degeri sonuglari, eriste formiilasyonunda yumurta kullanilip kullanilmama
durumuna goére “yumurta ilavesi” faktorii ve “madimak tozu ilave oram” faktorii agisindan
karsilastirilmistir.

Tablo 1’de verilen analiz sonuclarina gore; yumurta ilaveli ¢ig eriste 6rneklerinin ortalama
b* ve SI degerleri (24,37 ve 25,75) yumurta icermeyen eriste orneklerden (21,53 ve 23,00) daha
yliksek bulunurken, yumurta kullanimi eriste 6rneklerinin L* ve Hue degerlerinin (52,56 ve 107,64)
azalmasina neden olmustur. Demir ve ark. (2010) nohut unu ile hazirlanan eriste formiilasyonuna
yumurta eklenmesinin bu c¢alismanin aksine L* ve a* degerlerini arttirdiim ve b* degerini
azalttigin1 belirtmislerdir. Aydin ve Go¢men [33] ve Cankurtaran Komiircii [34] ise yumurta
kullaniminin eriste 6rneklerinin b* degerini artirdigini bildirmislerdir. Yumurta nihai renge katkis1
acisindan 6nemli olup, bu katki muhtemelen yumurtanin yiiksek karotenoid igerigiyle ilgilidir.
Alamprese [35], yumurtalarin A vitamini aktivitesine sahip farkli oranlarda retinol igerdigini ve
retinoliin, makarna gibi gida {iriinlerinin ¢ekici parlak sar1 renginden sorumlu olan karotenoid
igerigine katkida bulundugunu bildirmistir. Genel olarak eriste formiilasyonunda madimak tozunun
ilave miktarinin artmasi L*, a*, b* ve SI degerlerinde azalisa, Hue degerinde ise artisa neden
olmustur.

Tablo 1. Cig eristelerinin renk degerlerine ait ¢oklu karsilastirma testi sonuglari* (Multiple comparison test
results of the raw noodles’ color values)

FAKTOR n L* a* b* HUE Sl
Yumurta ilavesi
Yumurtailavesiz 10 54.56+10.26a -7.57+2.51a 21.53+1.86b  109.85+6.65a  23.00+1.33b
Yumurtailaveli 10 52.56+10.85b -7.27+3.58a 24.37+5.03a  107.64+9.85b  25.75+4.22a
*%2 ns3 *4 * *
MTIO (%)
0 4 73.10+£0.53a  -1.68+1.34a 28.49+3.76a 93.68+3.17d 28.57+3.67a
5 4 523741.25b  -8.50+0.40b 23.694+0.58b  109.76+0.66c  25.17+0.64b
10 4 4924+1.69c -8.73+0.34b 22.75+1.13b 111.03+1.22bc  24.37+1.06bc
15 4 47.19+1.46d -8.92+0.14b 20.59+1.16c  113.50+1.50ab  22.44+1.02bc
20 4 4593+0.96e -9.26£0.09b 19.23+£1.29¢  115.79+1.55a  21.35%1.16¢
** *% *%* *%* **x
Hammaddeler
Bugday unu 94.724+0.16 -5.02+0.07 13.934+0.10 109.82+0.19 14.81+0.11
Madimak tozu 61.29+0.16 -13.05+0.11 28.55+0.17 114.57+0.11 31.394+0.19

Sonuglar iki tekerriiriin ortalamasidir. Ortalamalar “yumurta ilavesi” ve “MTIO (madimak tozu ilave orani)” faktorlerine gore

karsilastirlmistir. Farkli harfle isaretlenmis, ayni siitundaki ortalamalar istatistiki olarak birbirinden farklidir. 2** p<0.01 diizeyinde
dnemli, °ns: 6nemsiz, ** p<0.05 diizeyinde dnemli.

Pigmis eristelerin renk degerleri incelendiginde, yumurta ilavesinin ortalama b* ve SI
degerlerini artirdig1 goriilmektedir (Tablo 2). Eristede artan oranda madimak tozu kullanimi ise L* ve
a* degerlerini dislirmiistiir. Hue degeri ise sadece %20 madimak tozu kullanim oraninda artmistir.

Renk analiz sonuglar1 ¢ig ve pismis eriste 6rnekleri agisindan karsilagtirildiginda ise pisirme
islemi eriste 6rneklerinin tiim renk degerlerini sayisal olarak azaltmistir. Bu durum pisirme sirasinda
uygulanan 1s1l isleminden ve pisme sirasinda eristenin sar1 renginden sorumlu karotenoidlerin kismen
pisme suyuna gegmesi ve/veya par¢calanmasindan kaynaklanmis olabilir.
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Tablo 2. Pismis eristelerinin renk degerlerine ait coklu karsilastirma testi sonuglari*(Multiple comparison test

results of cooked noodles’ color values®)

FAKTOR n L* ax b* HUE Sl
Yumurta ilavesi
Yumurta ilavesiz 10  53.8249.05a  -5.61+0.61a  19.444+2.31b  106.17+1.10a  20.244+2.36b
Yumurtailaveli 10 52.41+11.56a -5.98+1.08a 22.95+1.24a  104.71£3.15a  23.75+0.99a
n32 ns **3 ns *%x
MTIO (%)
0 4 7128+1.88a  -4.52+0.62a 20.45+5.04a  103.29+4.79b  21.00+4.77a
5 4 5451+0.84b  -5.65+0.58b  20.48+3.32a 105.52+1.11ab  1.2443.35a
10 4 4927+0.79c  -5.82+0.58b  21.96+1.37a 104.82+0.61ab 22.71+1.47a
15 4 46.93+2.96c -6.33+0.40bc 21.47+0.62a 106.41+£0.56ab 22.38+0.71a
20 4 4359+£1.35d -6.67+0.14c  21.61+£0.33a  107.16+0.50a 22.61+0.30a
*x *x ns ns ns

'Sonuglar iki tekerriiriin ortalamasidir. Ortalamalar “yumurta ilavesi” ve “MTIO (madimak tozu ilave oram)” faktdrlerine gore
karsilastirlmustir. Farkli harfle isaretlenmis, aym siitundaki ortalamalar istatistiki olarak birbirinden farklhidir. 2 ns: énemsiz, *** p<0.01
diizeyinde onemli.

Eriste Orneklerinin Pisme Kalitesi (Cooking Quality of Noodle Samples)

Yumurta ilavesiz ve yumurta ilaveli eriste 6rneklerinin pisme ve sikilik 6zelliklerine ait sonuglar
Tablo 3’te verilmistir. Yumurta kullanimi eriste 6rneklerinin agirlik artisi, hacim artisi, SGMM ve sikilik
degerleri tlizerinde onemli farkliliklara neden olmustur (Tablo 3). Yumurta ilaveli eriste orneklerinin
agirlik artisi, hacim artist ve SGMM degerleri yumurta ilavesiz eriste drneklerine gére daha diisiik
bulunmustur. Bu durum yumurtanin yapisma ve birlestirme 6zellikleriyle ilgili olabilir [36]. Ayrica
yumurtada dort serbest sistein-tiyol ve bir disiilfit kdpriisii bulunan ovalbumin, gluten proteinleri ile
etkilesime girerek protein agini giiclendirir; pigirme sirasinda nisastanin sismesini 6nler ve makarnanin
daha iyi pisme davranisi sergilemesini saglar [2]. Bu sonuglar Ozkaya ve ark. [20], Demir ve ark. [36]
ve Cankurtaran Komiircii [34]’iin sirasiyla bugday unu, nohut unu ve ilkel bugday unlarindan iiretilen
eristelerin pisme Ozellikleri ile benzerlik gostermektedir. Eriste formiilasyonunda %5 in iizerinde
madimak tozu kullanimi agirlik artis1, hacim artis1 ve SGMM gibi tiim pisirme parametrelerinde artisa
neden olmustur. Madimak tozu kullanilmayan eriste drneklerinin ortalama agirlik artigi, hacim artisi ve
SGMM degerleri sirastyla %100,82, %129,52 ve %3,39 olarak belirlenirken, madimak tozu ilave
oraninin %20 ye ¢ikmasi ile ayn1 degerler sirayla 9%125,80, %203,19 ve %6,57 olarak belirlenmistir.
%20 madimak tozu ilavesi ile drneklerin agirlik ve hacim artis1 degerleri sirasiyla 24.78% ve 56.87%,
oraninda artis gostermistir. Bu durum madimak tozunda da yliksek oranda bulunan liflerin yiiksek su
tutma kapasitesi ile uyumludur [37, 38]. %20 oraninda madimak tozu ilavesi hi¢ madimak tozu
icermeyen eriste 0rnegi ile karsilastirildiginda SGMM degerinde yaklasik %93,81°lik bir artisa neden
olmustur. Bu durum madimak tozu ilavesi nedeniyle glutenin seyrelmesine ve gluten matrisindeki
bozulmayla iliskili olabilir. Aravind ve ark. [42] eriste gibi iirtinlerin formiilasyonlarina nigasta-gluten
agin1 olumsuz etkileyecek bilesenlerin dahil edilmesinin pisme kaybin artiracagini bildirmislerdir.

Eristelerin tekstiirel Ozelliklerinden sikilik degeri Tablo 3’te verilmistir. Yumurta ilave
faktoriine gore; ortalama sikilik degeri, yamurta ilavesiz olarak hazirlanan eriste drneklerinde (844,55
g), yumurta ilave edilerek hazirlanan eriste orneklerinden (941,80 g) daha diisikk bulunmustur.
Yumurtadaki proteinler, 6zellikle yumurta beyazindaki ovalbiimin, kompakt bir protein aginin
olugmasina katkida bulunarak daha siki ve sert bir hamur olusmasina yardimci olmus olabilir [2].
Eristelerin sikilik 6zelligi madimak tozu ilave oranmin artmasi ile azalmistir. Madimak tozu ilave
edilmeyen eriste drneginin sikilik degeri 1162,14 g olarak belirlenirken, %20 madimak tozu ilaveli eriste
orneginin ortalama sikilik degeri 696,21 g olarak Olciilmiistiir. Sikiliktaki bu azalma, gluten aginin
zayiflamas1 ve glutenin, madimak tozu gibi yiiksek lif igerigine sahip bilesenlerin ilavesi nedeniyle
seyrelmesinin bir sonucu olabilir [43,42]. Benzer sonuglar Cankurtaran Kémiircii ve Bilgicli [44]
tarafindan da elde edilmis ve ilkel bugday unlarinin yiiksek lif igerigi nedeniyle eriste 6rneklerinin sikilik
degerlerinin azaldigi bildirilmistir.
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Tablo 3. Eristelerin pisme analizi ve sikilik degerlerine ait ¢oklu karsilastirma testi sonuclari* (Multiple
comparison test results of noodles' cooking analysis and firmness values?)

- AGIRLIK HACIM ARTISI SGMM? SIKILIK
FAKTOR " ARTISI(%) (%) (%) ©
Yumurta ilavesi
Yumurta ilavesiz 10 129.424+14.43a 183.53+31.00a 5.89+1.49a 844.55+176.12b
Yumurta ilaveli 10 98.91+5.79b 129.024+26.79b 4.42+0.94b 941.80+151.44a
*%x4 *%x *%x **
MTIO (%)
0 4 100.82+12.77¢ 129.52+34.01d 3.39+0.44c¢ 1162.14+55.25a
5 4 109.68+13.77bc 133.074+32.99¢d 4.61+0.86b 911.45+55.25b
10 4 112.05+14.64b 152.474+25.84bc 5.05+0.58b 876.28+40.62b
15 4 122.48425.40a 163.13+28.19b 6.16+1.04a 819.80+42.21¢
20 4 125.80+22.82a 203.194+39.94a 6.57+1.42a 696.21+17.85d
** ** ** **

Sonuglar iki tekerriiriin ortalamasidir. Ortalamalar “yumurta ilavesi” ve “MTIO (madimak tozu ilave oram)” faktdrlerine gore
kargilastirlmistir. Farkli harfle isaretlenmis, ayni siitundaki ortalamalar istatistiki olarak birbirinden farklidir. 4** p<0.01 diizeyinde 6nemli.

Eristelerin Antioksidan Aktivite ve Fenolik Madde Miktarlar1 (Antioxidant Activity and
Phenolic Content of Noodles)

Aragtirmalar, dogal bir {iriiniin antioksidan 6zelliklerini tek bir yontemle degerlendirmenin
yeterli olmadigin1 gostermistir. Bu nedenle, gidanin antioksidan ozelliklerini kapsamli bir sekilde
degerlendirmek icin cesitli antioksidan aktivite analiz yontemlerine ihtiya¢ duyulmaktadir. Bu
caligmada eriste 6rneklerinin antioksidan aktivitelerini belirlemek amaciyla; hizli, kolay, tekrarlanabilir
ve ekonomik olan DPPH, FRAP ve CUPRAC olmak iizere ti¢ farkli yontem kullanilmistir.

Tablo 4. Cig eristelerin antioksidan aktivite ve fenolik madde miktarlarmma ait ¢oklu karsilastirma testi
Sonuclar* (Multiple comparison test results of antioxidant activity and phenolic contentt amounts of raw
noodles?)

ANTIOKSIDAN AKTIVITE FENOLIiK MADDE
FAKTOR n DPPH FRAP CUPRAC SFM? BFM?3 TFM*
(mg TE/kg) (umol TE/g)  (umol TE/g) (mg GAE/Kg) (mg GAE/Kg) (mg GAE/Kkg)
Yumurta
ilavesi
n‘;\’:‘e”s?za 10 1319.50£753.1b  7.1884.06b  37.42425.5b | 2280.47£5352b  4400.69£624.9b  6681.16£1155.2b
Yumurtailaveli 10  1455.43+787.1a  7.51%4.15a  41.14£27.0a | 2503.09£532.2a  5122.40+£770.3a  7211.10£1339.2a
*% *x *x ** *x *%x
MTIO (%)
0 4 213.09+28.9¢ 0.51+0.12¢ 4.58+0.2¢ 1690.35433.5¢  4046.96£743.1d  5368.84+64.1¢
5 4 897.56:60.4d 5.57+0.13d 18.9142.5d | 2048.13+253.5d  4326.51+626.1cd  6086.50+315.3d
10 4 1695.58+2109c  9.34+0.36¢ 41.80+2.1c | 2352.58+187.4c  4620.27+£512.6c  6761.09£361.1c
15 4  1970.83+63.4b  10.29+0.21b  58.47+4.4b | 2795.05+144.8c  5147.54+4383b  7912.82+511.2b
20 4  2160.26+509a  11.01+0.20a 72.62+2.5a | 3072.79£1659a  5666.46+412.9a  8601.40+332.2a
*%* **k **k *% **k **
Hammaddeler
Bugday unu 115.81+3.24 0.47+0.11 3.16+0.76 766.03+7.58 4173.90+15.41 4939.94+23.12
Madimak tozu 28906.84+43.25  83.57+1.23 20.9442.54 | 28565.70+42.54  5965.95+11.21 34531.65+34.87

*Sonuglar iki tekerriiriin ortalamasidir. Ortalamalar “yumurta ilavesi” ve “MTIO (madimak tozu ilave oran1)” faktorlerine gore
karsilagtinlmuigtir. Farkli harfle isaretlenmis, ayni siitundaki ortalamalar istatistiki olarak birbirinden farklidir.22,2-Diphenyl-1-picrylhydrazyl
radikalinin inhibisyonu. ®Ferrik iyonlarmi indirgeme kuvveti. “Bakir iyonlarmi indirgeme kuvveti.®Serbest fenolik madde miktari. ®Bagh
fenolik madde miktar1. “Toplam fenolik madde miktar1. *** p<0.01 diizeyinde nemli.

Eriste 6rneklerinin antioksidan aktivite (DPPH, FRAP ve CUPRAC) ve fenolik madde miktari
(serbest, bagli ve TFM miktar1) analizleri hem ¢ig hem de pismis eriste 6rneklerinde yapilmis olup,
sonuclar Tablo 4 ve 5'te verilmistir. Tablo 4 ¢ig eriste drneklerinin DPPH, FRAP ve CUPRAC degerleri
acisindan incelendiginde; eriste formiilasyonunda yumurta kullanilmasinin, pismemis eriste
orneklerinin DPPH, FRAP ve CUPRAC degerleri iizerinde onemli bir etkiye sahip oldugunu
gostermektedir. Ug farkli yonteme gore elde edilen antioksidan aktivite degerleri yumurta igeren ¢ig
eristelerde daha yiiksek bulunmustur. Yumurta ilaveli eriste 6rneklerinin yiiksek antioksidan aktivite
icerigi, yumurtanin karotenoid icerigi ile iliskili olabilir. Yumurtalar genellikle antioksidan icerigi
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zengin gidalar olarak kabul edilmez, ancak E ve A vitaminleri, selenyum, fosfolipitler ve karotenoidler
gibi bircok bilesigi antioksidan 6zellikler sergiler [45, 46]. Bu nedenle yumurta ilaveli eriste 6rneklerinin
antioksidan aktivite degerleri daha yiiksek bulunmus olabilir.

Artan oranda (%0-20) madimak tozu ilaveli ¢ig eriste drneklerinin DPPH, FRAP ve CUPRAC
degerleri sirasiyla 213,09-2160,26 mg TE/Kg, 0,51-11,01pumol TE/g ve 4,58-72,62umol TE/g arasinda
degismektedir (Tablo 4). Eriste formiilasyonunda %20 madimak tozu kullanimu, ¢ig eriste 6rneklerinin
DPPH, FRAP ve CUPRAC antioksidan aktivite degerlerini madimak tozu kullanilmayan eriste 6rnegine
gore sirastyla yaklagik 10,1, 21,6 ve 15,9 kat arttirmistir. Bu durum madimak tozunun yiiksek
antioksidan aktivite degeri ile iliskili olabilir. Diger taraftan eriste formiilasyonundaki miktar1 %100-80
arasinda degisen rafine bugday unu iiretilirken, bugdayin antioksidan bakimindan zengin dis katmanlari
oglitme islemi sirasinda uzaklastirilmaktadir [47]. Bu nedenle rafine bugday unundan hazirlanan {iriinler
antioksidan maddelere ilaveten pek ¢ok besinsel ve fonksiyonel bilesen agisindan daha fakirdir [48].

Tablo 4 incelendiginde de madimak tozunun antioksidan aktivite agisindan bugday unundan
olduk¢a zengin oldugu goriilmektedir. Antioksidan aktivite sonuglarna ait veriler -eristelerin
pisirilmesinin ardindan analiz edildiginde (Tablo 5); yumurta ilaveli eriste 6rneklerinin ¢ig eriste
orneklerine benzer sekilde daha yiiksek DPPH, FRAP ve CUPRAC antioksidan aktivite degerlerine
sahip oldugu belirlenmigtir. Artan madimak tozu ilave oranina paralel olarak pismis Orneklerinde
antioksidan aktivite degerlerinin arttig1 goriilmektedir. Bununla birlikte pisme isleminin ardindan eriste
orneklerinin ortalama DPPH, FRAP ve CUPRAC degerlerinin ¢ig olanlardan daha diisiik oldugu tespit
edilmistir. Cig ve pismis eristeler arasindaki antioksidan aktivite degerlerindeki farkliliklar kismen
antioksidan aktivite gosteren bilesiklerin pisirme suyuna sizmasindan kaynaklaniyor olabilir. Khan ve
ark. [49], pisirme sirasindaki 1s1l islemin hem pisirme suyuna sizmaya hem de antioksidan aktiviteye
katkida bulunan bilesenlerin bozulmasina neden oldugunu bildirmistir.

Sonuglar tiim fenolik madde miktarlar1 agisindan incelendiginde; yumurta ilaveli ¢ig eriste
orneklerinin ortalama serbest, bagl ve TFM miktarlarinin (2503,09, 5122,40 ve 7211,10mg GAE/KQ),
yumurta ilavesiz eriste 6rneklerinin ayni degerlerinden (2280,47, 4400,69 ve 6681,16 mg GAE/kg) daha
yiiksek oldugu bulunmustur. Bu durum antioksidan aktivite degerinde de gbzlemlendigi gibi yumurtanin
fenolik icerigine katki saglayan bilesenleri ile ilgili olabilir.

Eriste formiilasyonunda artan oranda madimak tozu kullanimi 6rneklerin serbest, bagli ve TFM
igeriklerini, madimak tozu i¢ermeyen eriste drnegine gore sirasiyla %81,80, 40,02 ve 60,21 oraninda
artmasini saglamistir. Tablo 4’de de goriilebilecegi gibi madimak tozunun bugday unundan oldukca
yiiksek serbest, bagli ve TFM igerigi, elde edilen sonuglarla iligkili olabilir. Antioksidan aktiviteye ve
fenolik icerige katki saglayan bilesenler dogal olarak bitkilerde daha yiiksek oranlarda bulunur,
dolayisiyla insanlar i¢in bu bilesiklerin temel kaynagi bitkisel kaynakli tiriinlerdir. En 6nemli biyoaktif
bilesenlerin kaynaklart meyve ve sebzelerdir [50]. Bu literatiir bilgisi madimak tozunun yiiksek
antioksidan ve fenolik madde igerigini aciklayabilir. Sonuglar serbest ve bagli fenolik bilesenler
acisindan degerlendirildiginde; %20 madimak tozu ilaveli eriste Orneklerinin, hi¢c madimak tozu
icermeyen eriste Oornegine kiyasla, serbest fenolik madde miktarmin (%81,80) bagh fenolik madde
miktarlarindan (%40,02) daha yiiksek oranda artt1g1 belirlenmistir. Bu durum bitkisel gida kaynaklarimin
serbest fenolik madde miktarinin, tahillarin aksine bagl fenolik madde miktarlarindan daha yiiksek
olmasi ile iliskili olabilir. Tahillardaki fenolik bilesikler serbest, ¢oziiniir konjuge ve bagli formlarda
bulunur; burada bagli form, fenolik asitlerin biiyiik boliimiinii temsil eder [51].

Pismis eriste orneklerinin serbest, bagli ve TFM miktarlar1 yumurta ilavesi ve madimak tozu
ilavesi faktorleri agisindan ¢ig eriste drneklerinin fenolik madde miktarlarina benzer sekilde etkilemigtir
(Tablo 5). Pisirme islemi sonrasinda formiilasyonunda yumurta bulunan ornekler ¢ig numunelerde
oldugu daha yiiksek fenolik madde miktarlar1 sergilemislerdir. Bununla birlikte %20 oraninda madimak
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tozu ilavesi eriste 6rneklerinin serbest, bagli ve TFM miktarlarini hi¢ madimak tozu ilave edilmeyen
eriste ornegine gore sirastylal,78, 1,23 ve 1,36 kat artirmistir. Bununla birlikte antioksidanlarin aksine
pisirme isleminin ardindan tiim orneklerde serbest fenolik madde miktar1 azalirken, bagli ve TFM
miktarlan ¢ig Orneklere gore artiy gostermistir. Bu, pisirme sirasinda suyun kaynatilmasinin baglh
fenoliklerin gida matrisinden ekstraksiyonunu arttirmasina ve bdylece daha sonraki kimyasal
ekstraksiyon ve belirleme sirasinda bunlarin miktarinda artisa yol agmasina neden olmus olabilir. Fares
ve ark. [52] pigsmis makarna numunelerinin baglh fenolik madde miktarinda gozlenen artis1 esas olarak
bagh ferulik asidin ekstraksiyonundaki artisa atfetmislerdir. Ayrica yazarlar pisirme sonrasi fenolik
asitlerin bireysel degisimlerini incelediklerinde; serbest fenolik madde miktarindaki degisimi p-
hidroksibenzoikasittin azalmasina, bagli fenolik asitler i¢in ise esas olarak ferulik asittin artigina
atfedilebilecegini bildirmislerdir. TFM miktar1, serbest ve bagli fenolik madde miktarinin toplam1 olarak
hesaplanmig olup, bagli fenolik madde miktarindaki artigin, serbest fenolik madde miktarindaki
azalistan daha yiiksek olmasi nedeniyle eriste 6rneklerinin TFM miktar1 artis gostermistir.

Tablo 5. Pismis eristelerinin antioksidan aktivite ve fenolik madde miktarlarina ait ¢oklu karsilastirma testi

Sonuclar* (Multiple comparison test results of antioxidant activity and phenolic content amounts of cooked
noodles?)

ANTIOKSIDAN AKTIVITE FENOLiIK MADDE
FAKTOR n DPPH FRAP CUPRAC SFM? BFM? TFM*
(mg TE/Kg) (pmol TE/g) (nmol TE/g) (mg GAE/kg) (mg GAE/kg) (mg GAE/kQg)
Yumurta
ilavesi
Yumurta
ilavesiz 10 1129.99+692.13b  1.70+1.08b 31.25+20.34b | 2068.26442.86b  5489.33+395.67b  7557.59+822.62b
i\l(:vl‘ﬁ”a 10 1260.844762.36a  2.14+1.07a  332142121a | 2359.904497.10a  5583.99+455.74a  7943.90+£935.42a
*% *%x *%* *%* *%* *%
MTIO (%)
0 4 93.77+12.39% 0.4140.21e 4.37+0.73¢ 1553.39+111.70e  5052.99+81.48¢  6606.39+88.72¢
5 4 743.63+76.25d 1.17+0.25d 14.33+£1.33d | 1941.53+199.20d  5256.82+72.39d  7198.35+248.84d
10 4 1412.35+76.25¢ 2.1940.40¢ 40.35+1.45¢ | 2224.00+281.67c  5480.40+113.03c  7704.40+394.28¢c
15 4 1766.34+121.68b  2.56+0.35b 45.14+0.79b | 2573.61£143.20b  5682.73+71.19b  8256.34+177.48b
20 4 1960.97+113.64a  3.26+0.13a 56.96+2.27a | 2777.86+205.31a  6210.37+154.25a  8988.23+329.67a
*% *%x *%* *%* *%* **

Sonuglar iki tekerriiriin ortalamasidir. Ortalamalar “yumurta ilavesi” ve “MTIO (madimak tozu ilave oran1)” faktorlerine gore
kargilastirlmistir.  Farkli harfle isaretlenmis, ayni siitundaki ortalamalar istatistiki olarak birbirinden farkhidir 22,2-Diphenyl-1-
picrylhydrazyl radikalinin inhibisyonu. *Ferrik iyonlarmi indirgeme kuvveti. “Bakir iyonlarmi indirgeme kuvveti.’Serbest fenolik madde
miktart. ®Bagli fenolik madde miktari. "Toplam fenolik madde miktar1. #** p<0.01 diizeyinde énemli.

Eriste Orneklerinin Duyusal Analiz Sonuclart (Sensory Properties of Noodle Samples)

Farkli oranlarda madimak tozu ilaveli yumurta ilavesiz ve yumurta ilaveli ¢ig ve pismis eriste
orneklerinin duyusal analiz sonuglar1 Sekil 1 ve 2’°de verilmistir. Genel olarak yumurta ilavesiz ¢ig eriste
orneklerinden %5 ve 10 madimak tozu iceren eriste drnekleri hic madimak tozu kullanilmayan eriste
ornegine benzer renk, goriiniig, koku ve genel kabuledilebilirlik 6zellikleri gosterirken; yumurta ilaveli
eristelerde ise renk, koku, kirilabilirlik ve genel kabuledilebilirlik Ozellikleri madimak tozu
kullanilmayan eriste 6rnegine esdeger olarak degerlendirilmistir. Bununla birlikte yumurta ilavesiz
eriste 0rneklerinin koku, yumurta ilaveli eriste 6rneklerinin ise kirilabilirlik 6zellikleri artan madimak
tozu ilavesinden etkilenmemistir.

Panelistler tarafindan %5 madimak tozu igeren yumurtali ilaveli ¢ig eriste 6rneklerinin goriiniis
Ozelligi hi¢ madimak tozu kullanilmayan ¢ig eriste 6rneginden daha ¢ok begenilmistir. %15 ve %20
madimak tozu ilavesi genel olarak hem yumurta ilavesiz hem de yumurta ilaveli ¢ig eriste 6rneklerinin
duyusal parametre skorlarmin azalmasina neden olmustur. Sonug¢lar yumurta kullanimi agisindan
degerlendirildiginde; yumurtali formiilasyonlarin renk, goriiniis Ozellikleri ile birlikte kirilabilirlik
degerleri daha yliksek sayisal puanlar almistir. Bu durum yumurtanin sar1 renginden kaynakli olarak
eristeye istenen sari- parlak rengi kazandirmasi ve yapisal 6zellikleri iyilestirmesi ile ilgili olabilir.
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Sensory analysis results of raw noodle samples without egg (A) and with egg addition (B).
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Sekil 2. Yumurta ilavesiz (C) ve yumurta ilaveli (D) pismis eriste orneklerine ait duyusal analiz sonuglari.
Sensory analysis results of cooked noodle without egg (C) and with egg addition (D).

Sonuglar pigsmis eriste ornekleri agisindan degerlendirildiginde; yumurta ilavesiz %5 ve 10
oraninda madimak tozu ilave edilerek hazirlanan eriste 6rnekleri panelistlerden hic madimak tozu ilave
edilmeyen eriste 6rnegine benzer renk, goriiniis, tat ve koku puanlar1 alirken, daha yiiksek oranda
madimak tozu ilavesi bu puanlar1 olumsuz etkilemis ve yumurta ilavesiz pigmis eriste 6rnekleri arasinda
%20 madimak tozu ilaveli eriste Ornekleri tiim duyusal parametreler agisindan en diisiik sayisal
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puanlarla degerlendirilmistir. Yumurta ilavesi, ¢ig eriste Orneklerinde oldugu gibi pismis eriste
orneklerinin de goriiniis 6zelligini gelistirmistir. Bununla birlikte %5 madimak tozu igceren yumurta
ilaveli pismis eriste orneklerinin renk, goriiniis, tat, koku, yapigkanlik ve genel kabul edilebilirlik
ozellikleri hi¢ madimak tozu ilave edilmeyen eriste 6rneginden sayisal olarak daha yiiksek ya da benzer
puanlar almistir. Artan madimak tozu ilavesi pigmis eriste 6rneklerinin duyusal skorlarini azaltmis olsa
da, yumurta ilaveli pigmis eriste 6rnekleri panelistlerden yumurta ilavesiz olanlardan daha yiiksek
puanlar almistir.

SONUCLAR (CONCLUSIONS)

Tahillarin saglik iizerindeki olumlu etkilerini gdsteren ¢aligmalara olan ilginin artmasiyla
birlikte makarna ve benzeri gida iiriinlerinin liretimindeki modern egilimler arasinda kolesterol kontrolii
nedeniyle yumurta kullaniminin azaltilmasi yer aliyor. Ancak yumurta, ¢esitli teknolojik 6zellikleri
nedeniyle bir¢ok gida iiriiniinde kullanilan fonksiyonel bir {iriindiir. Yumurta, makarna ve benzeri
drlinlerin besin igerigini, rengini, dokusunu ve pigsme Ozelliklerini gelistirmek i¢in kullanilir. Bu
calismada madimak tozu ve yumurta kullaniminin eristenin fiziksel, fonksiyonel ve duyusal
Ozelliklerine etkisi arastirilmistir.

Eriste formiilasyonunda yumurtanin kullanilmasi ¢ig ve pismis eriste drneklerinin b* degerini,
antioksidan aktivite ve fenolik madde miktarlarimi arttirmistir. Pismis eristenin b* renk degeri ¢ig
eristeye gore daha diisiik bulunmus ancak yine de yumurta eriste 6rneklerinin daha sar1 renkte olmasini
saglamistir. Yumurta kullanimi eristelerin pisme Ozelliklerini gelistirmekle kalmamis, ayni zamanda
sikilik degerini de arttirmistir. Madimak tozunun %35 in iizerinde kullanimi eriste 6rneklerinin L*, a* ve
b* degerlerinin azalmasina, agirlik artis1, hacim artis1 ve SGMM degerlerinin artmasina neden olmustur.
Rafine bugday unu yerine artan miktarlarda madimak tozu kullanilmasi1 DPPH, FRAP ve CUPRAC
antioksidan aktivite degerleri ile birlikte serbest, bagli ve TFM miktarlarim1 artirmis ve fonksiyonel
ozellikleri yliksek eriste ornekleri elde edilmistir. Bu artis yumurta ilaveli eriste 6rneklerinde daha
yiiksek oranda ger¢eklesmistir. Yumurta ilavesiyle birlikte %5 ve 10 madimak tozu ile zenginlestirilmis
eristelerin %100 bugday unuyla {iiretilen eristelere benzer duyusal 6zellikler gosterdigi daha yiiksek
oranlarda madimak tozu kullanimin duyusal puanlarda azalmalara sebep oldugu belirlenmistir.
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Ugucu Kiil.

Sunulan bu ¢alismanin 6zgilin tarafi ugucu kiil katkili derin karigtirma kolonlarmin (DKK)
stkisma kapasitesini en aza indirecek optimum enjeksiyon parametrelerini belirlemektir.
Caligmada killi bir zemin 1slak karigtirma yontemiyle iyilestirilmistir. Zeminin likitlik indisi,
su/baglayici orani, ¢gimento orani, siiper akiskanlastirict miktart ve ugucu kiil ikame orani gibi
degiskenlerin DKK’nin sikisabilirlik 6zelligine etkisi incelenmistir. Deneylerin tasarimi
Taguchi yontemine gére yapilmistir. 5 parametre ve 4 seviye i¢in L16 ortogonal dizin tablosuna
gore DKK numuneleri hazirlanmistir. Kiirde bekletilen (28 ve 56 giin) numunelerin
konsolidasyon deneyleri yapilarak numunenin sikisma indisi, kabarma indisi ve bosluk
oranindaki degisim belirlenmistir. Analizler sonunda parametrelerin optimum degerleri
(zeminin likitlik indisi=0.4, su/baglayici oram=0.8, baglayici dozaji=425 kg/m®, siiper
akigkanlastiric1 orani=%3, ugucu kiil orani=%40) elde edilmistir. Elde edilen sonuglar DKK
imalatinda %40 oraninda ugucu kiil kullanilmas: ile enjeksiyon maliyetlerinin de bu oranda
azalacagimi gostermektedir. Ayrica atik bir iiriin olan ugucu kiil kullaniminin artmast ile
¢evresel zararlar en aza inecektir.
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ABSTRACT

The unique aspect of this study is to determine the optimum injection parameters that will
minimize the compression capacity of fly ash-containing deep mixing columns (DMC). In the
study, a clayey soil was improved by wet mixing method. The effects of variables such as soil
liquidity index, water/binder ratio, cement, superplasticizer and fly ash amounts on the
compression properties of DMC were examined. The design of the experiments was made
according to the Taguchi method. DMC samples were prepared according to the L16
orthogonal index table for 5 parameters and 4 levels. Consolidation experiments were
performed on the samples kept in cure (28 and 56 days) and the change in the compression
index, swelling index and void ratio of the sample was determined. At the end of the analyses,
optimum values of the parameters (liquidity index of the soil = 0.4, water/binder ratio = 0.8,
binder dosage = 425 kg/m3, superplasticizer ratio = 3%, fly ash ratio = 40%) were obtained.
The results obtained show that by using 40% fly ash in DMC production, injection costs will
also decrease at this rate. In addition, environmental damage will be minimized by increasing
the use of fly ash, which is a waste product.
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Fen ve Miihendislik Bilimleri Dergisi

GIiRiS (INTRODUCTION)

Geoteknik miithendisligi disiplininde herhangi bir yapinin temas ettigi zeminde tasima giicii,
oturma, sivilasma, stabilite problemlerinden bir veya birkag tanesinin bulunmasi halinde o zeminin
uygun bir yontemle stabilize edilmesi veya daha saglam bir zeminle yer degistirilmesi
gerekmektedir. Problemli zeminlerin iyilestirilmesinde derin karistirma ydntemi yaygin olarak
kullanilan stabilizasyon yontemlerinden bir tanesidir [1-3]. Bu yontem ilk olarak 1975 yilinda
uygulanmaya baglanmis [4,5], bu tarihten itibaren ise arazi kosullar1 ve insaat sektoriiniin
gereksinimleri dogrultusunda farklt makine ekipmanlar1 gelistirilmistir. Derin karistirma yontemi
ile zemin iyilestirmesi 1slak ve kuru yontem olarak uygulanabilmektedir. Kuru karistirma
yonteminde baglayict madde (¢imento, kire¢ vb.) kuru halde zemine piskiirtilmekte ve
karistirilmaktadir. Islak derin karistirma yonteminde ise baglayici malzeme ile hazirlanan
enjeksiyon zeminle mekanik olarak karigtirilmaktadir. Karistirma islemi, delgi gévdesi ucuna bagh
olan belirli bir ¢aptaki karistirma bicaginin ucundaki piiskiirtme memelerinden enjeksiyonun
yiksek basingla (300-600 bar) piiskiirtiilmesi ve delgi govdesinin asagi/yukari hareketiyle es
olan kolonlar imal edilmis olmaktadir. Derin karistirma yontemi ¢akilli zeminler hari¢ tiim zemin
cinslerinde uygulanabilmektedir [6]. Bu yontem ile iyilestirilmis zeminin dayanimi artmakta,
sikisabilirligi ve gegirimliligi azalmaktadir. Derin karistirma kolonlar1 (DKK) sizdirmazlik perdesi
olusturmak [7], derin kazilarin desteklenmesi [8], sivilasabilir zeminlerin iyilestirilmesi [9] ve sev
stabilitesinin artirilmasi [10,11] amaciyla kullanilmaktadir.

DKK’nin dayanim, sikisma ve gecirimlilik gibi ozellikleri enjeksiyon parametrelerine
(baglayici1 dozaji, su/baglayici orani), imalat parametrelerine (delgi gévdesinin batma, ¢gekme ve
donme hizlar1) ve zemin o&zelliklerine (zemin cinsi, kivami, dayanimi vb.) gore degiskenlik
gostermektedir. Islak karistirma yonteminde baglayici olarak genellikle ¢imento kullanilmaktadir.
Cimentolu DKK’nin performans 6zellikleri birgok arastirmaci tarafindan arastirilmistir [12—20].
Genellikle baglayict dozaj1 ve kiir siiresi ile dayanim artarken, su/baglayici orani arttik¢a dayanim
dismektedir [2,21,22]. Fakat, ¢imentonun yaygin kullanimi nedeniyle dogal kaynaklar azalirken
[23], ¢imento iiretimi sirasinda hem ¢ok fazla enerji tiiketilmekte hem de CO: gaz salinimi
artmaktadir [24,25]. DKK imalatinda ¢imento yerine atik/yan tiriin maddeler kullanilarak gevresel
zararlar azaltilabilir.

Cimentolu DKK imalatinda kismi miktarda ugucu kiil (UK) kullanildiginda; karigimin
islenebilirligi artmakta [26], dayanim artmakta [27], gegirimlilik azalmakta [19,28], hidratasyon
reaksiyonlar1 uzun siirede ger¢eklesmektedir [29]. Cimentolu DKK nihai dayaniminin biiyiik
cogunlugunu 28 giinde kazanirken, ucucu kiil katkili DKK’nin nihai dayanima ulagmasi daha uzun
siirmektedir. Yine de yeterli miktarda ugucu kiil kullanildiginda 28 giinliik DKK dayanimi zemin
stabilizasyonu i¢in gerekli kosullar1 saglamaktadir [30]. Zemin iyilestirme projelerinde DKK’nin
tasarim dayanimi igin genellikle 1 MPa yeterli olmaktadir [31]. Yenginar [20], 275 kg/m? baglayici
dozaj1 ve %40 ugucu kiil katkili ¢imento DKK’nin dayanimini 28 giinde 1.5 MPa elde etmistir.
DKK’nin performans Ozelliklerindeki iyilesme zemin-¢imento-su karigiminda meydana gelen
katyon degisimi ve hidratasyon reaksiyonlarinin neticesinde olmaktadir [17].

Ugucu kiil katkili DKK kolonlarinin dayanim 6zellikleri yeterince arastirilmasina ragmen
DKK’nin sikisabilirlik 6zelligini arastiran ¢alismalar olduk¢a sinirlidir. Ugucu kiil katkilt DKK’nin
sikigabilirlik 6zelligi bilinirse diisey yiikler altinda kolondaki bosluk orani degisimi ve oturma
miktar1 belirlenebilir. Bununla birlikte iyilestirilmis zeminin (zemin-kolon kombinasyonu) sayisal
coziimlemelerine (sonlu elemanlar yontemi ile) olanak saglayacak parametreler elde
edilebilecektir. Bu calismada farkli kivam 6zelliklerine sahip killi zeminler ile ugucu kiil katkili

140



Ugucu kiil Katkisinin derin Karistirma Kolonlarimin sikisabilirligine etkisi

cimento enjeksiyonlari karistirilarak DKK numuneleri hazirlanmis ve kiire tabi tutulmustur. Imalat
sirasinda zeminin likitlik indisi, baglayici dozaji, su/baglayici orani, siiper akiskanlastiric1 oran1 ve
ugucu kiil oran1 degisken parametreler olarak secilmistir. Deney tasarimi ve istatistiki ¢aligmalar
i¢in Taguchi yontemi ve S/N analizi kullanilmistir. DKK numunelerinin 28 ve 56 giin sonunda
konsolidasyon deneyleri yapilarak numunedeki bosluk orami degisimleri ve sikisma indisleri
belirlenmistir. Ayrica minimum sikisma 6zelligine sahip DKK imalat1 i¢in imalat parametrelerinin
optimum degerleri belirlenmistir.

MATERYAL VE METOD (MATERIALS AND METHODS)
Malzemeler (Materials)

Calismada kullanilan zemin, Konya 2. Organize sanayi bolgesindeki bir araziden agik kazi
usulii ile 6-7 m derinlikten temin edilmistir. Zemin, Birlestirilmis Zemin Sinmiflandirma Sistemine
[32] gore yiiksek plastisiteli kil (CH) olarak siniflandirilmistir. Killi zeminin diger geoteknik
Ozellikleri Tablo 1’de sunulmustur.

Tablo 1. Zeminin geoteknik ozellikleri

Ozellik Deger

Tane dagilimi

Cakil (%) 1.6

Kum (%) 10.8

Silt (%) 37.7

Kil (%) 49.9
Kivam limitleri

Likit limit (%) 52.1

Plastik limit (%) 22.7
Zemin sinifit (USCS) CH
Ozgiil yogunluk 2.67

DKK numunelerinin hazirlanmasinda ana baglayict malzeme olarak CEM-1 42.5R ¢imentosu
kullanilmigtir. Cimentonun priz baglangi¢ siiresi 200 dk, priz bitis siiresi 240 dk Olgiilmiistir.
Cimentonun 6zgiil yogunlugu 3.2°dir.

DKK numunelerinin hazirlanmasinda ikincil baglayici malzeme olarak ugucu kiil (UK)
kullanilmistir. UK, Kiitahya Seyitomer’de bulunan termik santralden temin edilmistir. Ugucu kiiliin
kimyasal yapisinda %54.49 SiO; (S), %20.58 Al,O; (A) ve %9.27 Fe;Os (F) bulunmaktadir. UK
igerisindeki S+A+F=84.34% (>70%) ve Ca0<%10 oldugundan dolay1, UK F smifi ugucu kiil olarak
siiflandirilmistir [33]. Ugucu kiiliin 6zgiil yogunlugu 2.13’diir.

UK katkili enjeksiyonun vizkozitesini azaltmak amaciyla modifiye fosfonat bazli siiper
akiskanlastirict madde kullanilmistir.

Taguchi yontemi ve deney tasarimi (Taguchi design and experimental design)

Deney tasarimi giiglii bir optimizasyon teknigi olan Taguchi yontemine [34-37] gore
yapilmstir. Taguchi yontemi siire¢ {izerinde etkili olan parametrelerin optimum seviyesini belirlemek
icin kullanilan istatistiksel bir yontemdir.

Bu c¢alismada, minimum sikisabilirlige sahip UK katkii DKK imalati yapilabilmesi
amaclanmaktadir. Bahsedilen geoteknik probleme 06zgii olarak Taguchi yonteminin uygulanma
asamalar1 asagida kisaca anlatilmistir.

e Parametre ve seviyelerinin belirlenmesi: DKK’nin sikigma 6zelligi zemin ve enjeksiyon
parametrelerine gore degismektedir. lyilestirilmemis zeminin likitlik indisi icin plastik kivam (LI=0.4)
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ile likit kivam (LI=1.0) arasinda genis bir aralik secilmistir. Dogal zeminin likitlik indisine (veya su
muhtevasi) gore enjeksiyondan gelen su DKK numunesinin toplam su/baglayici oranini, dolayisiyla
sikigabilirlik 6zelligini degistirmektedir. Bu nedenle DKK numunelerinin sikisabilirlik 6zellikleri
belirlenirken fakli kivamlardaki killi zeminler dikkate alinmistir. Arazideki uygulamalarda baglayici
dozaji genellikle 100-500 kg/m? arasinda degismektedir [38]. Birgok ¢alismada optimum ugucu kiil
orani %10 [39] ile %40 [19,20] arasinda elde edilmistir. Siiper akiskanlastirici katki miktar1 igin tiretici
firma %35 oranina kadar kullanilabilecegini bildirmistir [40]. Su/baglayic1 parametresinin alt sinirt Marsh
hunisi deneyleri [41] ile belirlenmis olup, enjeksiyonun rahatlikla pompalanabilmesi igin belirli bir
viskoziteye sahip olmasi gerekmektedir [42]. Marsh hunisi deney sonuglart i¢in Yenginar’in [20]
calismasina bakilabilir. Su/baglayici oraninin en fazla 1.4 olabilecegi ifade edilmektedir [2,38,43]. Bu
aciklamalar dogrultusunda enjeksiyon parametreleri i¢in se¢ilen alt ve iist limitler; baglayici dozaji (BD)
i¢in 200-425 kg/m?, UK ikame oram (UKO) igin %0-60, siiper akiskanlastiric1 katki miktar1 (S) igin %0-
5 ve su/baglayici orani (s/b) i¢in 0.8-1.4 secilmistir.

o Ortogonal dizin se¢imi: Deney tasariminda 5 parametre (BD, UKO, S, s/b, LI) bulunmaktadir.
Her bir parametre igin 4 seviye belirlenmis ve deney tasarimi L16 (4°) ortogonal dizin tablosuna gore
olusturulmustur (Tablo 2 ve Tablo 3).

Tablo 2. DKK imalatindaki degiskenler ve seviyeleri

Degiskenler Seviye-1 Seviye-2 Seviye-3 Seviye-4
BD (kg/m?3) 200 275 350 425
UKO (%) 0 20 40 60

S (%) 0 1 3 5

s/b 0.8 1.0 12 14

LI 0.4 0.6 0.8 1.0

Tablo 3. L16 ortogonal dizin tablosu ile Taguchi deney tasarimi

Parametre ve seviyeleri

Tasarm No - gy yo/m?) UKO (%) S (%) sb LI
1 200 0 0 08 04
2 200 20 1 10 06
3 200 40 312 08
4 200 60 5 14 1.0
5 275 0 1 12 1.0
6 275 20 0 14 08
7 275 40 5 08 06
8 275 60 310 04
9 350 0 314 06
10 350 20 5 12 04
1 350 40 0 1.0 1.0
12 350 60 I 08 08
13 425 0 5 10 08
14 425 20 308 1.0
15 425 40 1 14 04
16 425 60 0 12 06

e Deney ve analiz siireci: DKK numunesi hazirlandiktan belirli zaman sonra (28-56 giin)
numunelerin sikisma indisi (Cc) belirlenmistir. Deney sonuglart S/N analizleri ile degerlendirilmistir.
S/N degeri Taguchi yontemine 6zgl bir sonug gostergesi olup, ortalamanin standart sapmaya orant
olarak tariflenmistir. Calismada sonug parametresinin (Cc) minimize edilmesi amaglandigindan “en
kiigiik en iyi” durumuna karsilik gelen S/N formiilii kullanilmistir (Denklem 1).

S/N = =10logy, (5 Y1, ¥?) (1)
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Burada Y; i. deneydeki sonucu ve n deney tekrar sayisini gostermektedir.

e Optimizasyon ve dogrulama: DKK’nin sikisma 6zelligini etkileyen tlim parametrelerin
optimum seviyesi belirlendikten sonra, optimum parametreler ile tekrar DKK numunesi hazirlanmis ve
optimizasyon sonuglar1 dogrulanmaistir.

Numune hazirlama (Sample preperation)

Araziden getirilen dogal zemin etiivde 60°C’de kurutulmustur ¢iinkii daha ytiksek sicakliklarda
(>100°C) kilin mineral yapist degisebilmektedir [44]. Kil kurutulduktan sonra plastik tokmak ile
doviilmiig, sonra 20 mm ¢aplh elekten elenerek zemin numunesi elde edilmistir. DKK numuneleri
hazirlanirken karisimda bulunan ¢imento, siiper akiskanlastirict katki, ugucu kiil, zemin ve suyun kiitle
ve hacimlerinin bilinmesi gerekmektedir. DKK numuneleri konsolidasyon ringi (50 mm ¢apinda ve 20
mm yiiksekliginde) igerisine yerlestirilecegi igin toplam karisim hacmi (V) bilinmektedir. Vr ile BD
carpilarak toplam kuru baglayict miktar1 (¢imento+ugucu kiil) (M) belirlenmigtir. My ile UKO
carpilarak UK kiitlesi, dolayisiyla ¢gimento kiitlesi belirlenmistir. My ile S ve s/b ¢arpimi sirasiyla siiper
akiskanlastiric1 ve su kiitlelerini vermektedir. Kiitlesi belirlenen malzemeler icin ilgili malzemenin
yogunluk bilgisi kullanilarak hacimleri hesaplanmistir. Daha sonra toplam hacimden enjeksiyon hacmi
¢ikarilinca dogal (yas) zemin hacmi bulunabilir. Zeminin likitlik indisine gore, her bir karisimdaki kuru
zemin hacmi ve kiitlesi hesaplanmaktadir. Tiim malzemelerin kiitleleri belirlendikten sonra, malzemeler
tartilarak karigtirma kabina dokiilmiis ve mikser yardimiyla 10 dakika siiresince karigtirilmistir (Sekil
la-1c¢). Hazirlanan karisim konsolidasyon ringlerine dokiilmiis (Sekil 1d) ve sert zemine birkac kez
vurularak icerisindeki hava kabarciklarinin ¢ikmasi saglanmistir. Daha sonra numuneler posetlenerek
kiir havuzuna birakilmigtir. Numuneler 28 ve 56 giin kiir edildikten sonra konsolidasyon deneyine tabi
tutulmustur (Sekil le). Konsolidasyon deneyleri ASTM D2435 standardina [45] uygun yapilmustir.
Deneylerde numune tizerine 50-100-200-400-800-1600 kPa gerilme (o) uygulanmis (yiikleme durumu),
her ylikleme kademesinde oturmalar bitene kadar beklenmistir. Son yiikleme kademesinden sonra
numune lzerindeki gerilme 100 kPa’ya indirilmis (bosaltma durumu) ve kabarma bitene kadar
beklenmistir. Numunelere ait kiitle, hacim, eksenel boy kisalmasi, su muhtevasi gibi degerler
belirlendikten sonra her yiikleme kademesinden sonra numunenin bosluk orani (e) hesaplanmustir.
Deneyler sonunda konsolidasyon egrileri (e-logo) gizilerek sikigma indisi (Cc), kabarma indisi (Cs) ve
bosluk oranindaki degisim (Ae, Ae/e) degerleri belirlenmistir. Sikisma ve kabarma indisleri sirasiyla
yiikleme ve bosaltma egrilerinin egimi hesaplanarak (C¢, Cs—= Ae/logAc) bulunmustur. Deformasyon
modiilii (M) ise gerilme-birim boy kisalma (c-¢) egrilerinden, E=Ac/Ag bagintisi ile hesaplanmugtir.

BULGULAR (RESULTS)
Fiziksel Ozellikler (Physical Properties)

DKK imalati sirasinda baglayici dozaji, baglayici faktorii, baglayici igerigi, toplam su/baglayici
orant (Wt:Ws), hacim oran1 ve karisimin likitlik indisi degerleri bilinmelidir (Tablo 4). Baglayici dozaj
(0yerinde); kuru baglayict kiitlesinin karigim hacmine oramidir. Baglayict faktdrii (a); kuru baglayic
kiitlesinin kuru zemin hacmine oranidir. Baglayici icerigi (aw); kuru baglayici kiitlesinin kuru zemin
kiitlesine oranidir. Karigimin toplam su/baglayict oran1 (Wt:Ws); karisimdaki toplam su kiitlesinin
(enjeksiyon suyu ve dogal zemin suyu) kuru baglayici kiitlesine oranidir. Hacim orani (VR); enjeksiyon
hacminin iyilestirilmemis zemin hacmine oranidir. Karigimin likitlik indisi (Llkangm), dogal zemin-
enjeksiyon karigiminin likitlik indisidir.

Numunelerin fiziksel 6zellikleri Tablo 4°de verilmistir. oyeringe V€ 0 sirastyla 200-425 kg/m?® ve
257-1760 kg/m? arasinda degismektedir. aw %18.7-128 arasinda, VR %29-314 arasinda, Wr:Wg 1.48-
3.22 arasinda, Llxangm 1S 0.55-1.57 arasinda degiskenlik gostermektedir.
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Sekil 1. a) Karigtirma kabi, b) karigtirici, ¢) mikser, d) konsolidasyon deney numuneleri, e) konsolidasyon deney
aleti

Tablo 4. Numunelerin Fiziksel Ozellikleri
Deney No  Oyeringe (kg/m®) @ (kg/m®)  aw (%) Wr:Wh VR (%) Llangm

1 200 257 18.7 2.67 29 0.55
2 200 274 21.3 2.88 37 0.83
3 200 294 24.4 3.05 47 1.19
4 200 318 28.5 3.22 59 1.57
5 275 473 42.4 243 72 1.45
6 275 528 43.7 2.43 92 1.52
7 275 414 32.2 2.04 51 0.88
8 275 454 33.0 2.06 65 101
9 350 896 69.6 1.97 156 1.50
10 350 790 57.4 181 126 1.29
11 350 675 60.6 1.86 93 1.48
12 350 609 50.4 1.69 74 1.10
13 425 1007 83.3 1.54 137 1.01
14 425 847 76.0 1.48 99 0.90
15 425 1760 128.0 1.67 314 1.46
16 425 1340 104.2 1.58 215 1.53

Zemin-enjeksiyon karigimlarina ait DKK numunelerinin hem kiir 6ncesi hem de kiir sonundaki
su muhtevasi ve yogunluk degerleri 6l¢iilmiistiir. DKK numunelerinin yogunluk degerleri kiir dncesinde
(taze karisim) 1.464-1.761 g/cm® ve kiir sonunda (sertlesmis karisim) 1.526-1.756 g/cm?® arasinda
degismektedir. DKK numunelerinin kiir sonundaki su muhtevasi degerleri, karisimin likitlik indisine
bagli olarak kiir dncesindeki duruma goére %2-20 oraninda azalmaktadir (Tablo 5). Kiir siiresi boyunca
DKK numunelerinin yogunlugundaki artis ve su muhtevasindaki azalmanin iki tane sebebi
bulunmaktadir. Birinci neden, likitlik indisi fazla olan karigimlarda priz baslangig siiresine kadar karisim
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igerisindeki suyun bir miktar1 digar1 sizmaktadir. Ikinci neden ise priz baslangicindan kiir sonuna kadar
suyun bir kismi hidratasyon (¢imentolanma) tepkimelerinde kullanilmaktadir.

Tablo 5. DKK numunelerinin yogunluk ve su muhtevasi ozellikleri

. sy DKK Numunesi
:;:i:;l::sll Zemin Enjeksiyon Kiir bas1 Kiir bitimi
p (g/cm’) p (g/cm’) p(glem’) w (%) p(g/em’) w (%)
1 1.854 1.618 1.761 42.1 1.756 38.9
2 1.794 1.485 1.694 50.5 1.698 47.1
3 1.741 1.391 1.629 59.7 1.641 57.5
4 1.706 1.322 1.559 71.5 1.567 68.6
5 1.706 1.452 1.601 72.3 1.601 65.1
6 1.741 1.376 1.578 73.9 1.595 67.1
7 1.794 1.513 1.676 49.7 1.681 48.5
8 1.854 1.415 1.654 51.1 1.644 52.2
9 1.794 1.396 1.575 81.0 1.613 66.5
10 1.854 1.414 1.611 66.0 1.633 60.5
11 1.706 1.454 1.574 70.1 1.591 66.0
12 1.741 1.488 1.653 56.7 1.646 54.9
13 1.741 1.508 1.626 70.0 1.675 52.3
14 1.706 1.561 1.629 64.1 1.667 49.2
15 1.854 1.350 1.464 93.9 1.548 65.5
16 1.794 1.369 1.497 80.8 1.526 67.7

Konsolidasyon Parametreleri (Consolidation Parameters)

DKK numunelerinin konsolidasyon testleri ile bosluk orani degisimi (Ae), sikisma (Cc)
ve kabarma indisleri (Cs), deformasyon modiilii (M) gibi parametreler elde edilmistir (Tablo 6).
Sikisma indisi en yliksek 4. tasarimda, en diisiik ise 14. tasarimda elde edilmistir. Deney
sonuglari incelendiginde kiir siiresinin artmastyla birlikte Ce, Cs, Ae ve Ae/e degerleri azalirken,
M degeri artmaktadir. Bu sonu¢ zamanla hidratasyon reaksiyonlarinin devam ettigini, DKK
numunelerinin dayanim kazanmakla birlikte konsolidasyon parametrelerinde (oturma,
sikisabilirlik  6zelliklerinde) azalmanin, deformasyon direncinde artmanin oldugunu
gostermektedir. Imalat parametrelerinin konsolidasyon parametreleri iizerindeki etkisi bu
sonuclardan tam olarak anlagilmamaktadir. Daha detayli bir inceleme i¢in deney sonuglar
Taguchi yontemine gore yorumlanacaktir.

Tablo 6. DKK numunelerinin konsolidasyon deneyi sonug¢lar

Tasarim 28 giinliik kiir sonunda 56 giinliik kiir sonunda
No Cc Cs Ae Aele (%) M (MPa) Cc Cs Ae Aele (%) M (MPa)
1 0.077 0.022 0.080 6.9 22.6 0.067 0.014 0.072 6.0 27.1
2 0.063 0.013 0.059 4.4 20.4 0.075 0.006 0.042 3.1 235
3 0.112 0.016 0.080 5.3 16.0 0.063 0.015 0.070 4.7 28.1
4 0.457 0.027 0.251 135 5.8 0.266 0.018 0.120 6.6 10.0
5 0.119 0.020 0.110 5.6 13.4 0.116 0.011 0.100 52 16.4
6 0.166 0.016 0.123 6.6 12.3 0.082 0.015 0.064 44 18.9
7 0.058 0.018 0.062 4.5 28.7 0.045 0.015 0.060 2.8 36.9
8 0.079 0.018 0.075 5.6 21.9 0.059 0.018 0.058 44 28.3
9 0.124 0.024 0.160 8.4 13.2 0.110 0.018 0.110 5.8 17.3
10 0.046 0.015 0.073 4.8 32.7 0.045 0.010 0.067 41 37.3
11 0.061 0.015 0.076 4.5 25.4 0.055 0.013 0.062 3.6 31.9
12 0.068 0.018 0.096 7.5 23.0 0.051 0.014 0.054 4.0 36.3
13 0.091 0.026 0.119 7.2 17.3 0.071 0.014 0.088 5.6 25.9
14 0.045 0.016 0.091 4.2 33.4 0.042 0.012 0.059 5.8 48.7
15 0.080 0.028 0.293 13.6 195 0.054 0.014 0.067 59 33.9
16 0.062 0.018 0.073 51 24.2 0.059 0.013 0.068 3.6 30.7
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DKK numunelerinde baglayici faktorii arttiginda Cc azalmaktadir (Sekil 2). Karisimdaki
baglayici faktoriiniin artmasi daha fazla ¢cimentolanma tiriiniiniin olustugunu ve DKK performansinin
arttigin1 gostermektedir. Karisimin likitlik indisi (Sekil 2a) ve toplam su/baglayict orani (Sekil 2b)
arttiginda ise sikisma indisi artmaktadir. Bunun sebebi karigim igerisindeki su miktar: arttigi igin
daha fazla sikigmaktadir. Bir bagka deyisle, karisimdaki su miktarinin fazla olmasi daha bogluklu bir
DKK yapisim gosterirken, bu numunelerden su ¢ikisi daha fazla olmaktadir.

Cc

Sekil 2. Sikisma indisinin DKK numunelerinin fiziksel ozellikleriyle iliskisi

Istatistiksel Analiz Sonuclari (Statistical Analysis Results)
S/N analizi (S/N analysis)

S/N analizinde her bir parametrenin sonug iizerinde ne kadar etkili oldugu ve her parametrenin
optimum seviyesi anlagilabilmektedir. Sikisma indisi i¢in S/N ana etki grafigi Sekil 3’de verilmistir. 28
ve 56 giin kiir siirelerinde baglayici dozaji arttikga sikisma indisi azalmaktadir. Tiim kiir siirelerinde
su/baglayict orani ve zeminin likitlik indisi arttikca sikisma indisi azalmaktadir. Ugucu kiil oran1 28
giinde %20, 56 giinde %40 oranina kadar sikisma indisinin azalmasina sebep olurken, daha fazla
kullanildiginda sikisma indisini artirmaktadir. Bunun nedeni; kiir siiresine bagli olarak ugucu kiil orani
optimum seviyeyi gectikten sonra performansin azalmasi veya sikisabilirligin artmasidir. Ugucu kiil tam
manasiyla etkisini 56 giinde gostermektedir. 28. glinde %20, 56. giinde %40 optimum oranin bulunmasi
bunu desteklemektedir. Ayrica ¢imento ana baglayici iken, ucucu kiil ikincil baglayicidir. Yani 6nce
¢imento hidratasyonu daha sonra ucucu kiil hidratasyonu gerceklesmektedir. Kil-¢imento-ucucu kiil-su
karigiminda her malzemenin kimyasal bilesimi birbirinden farklidir. Malzemelerin yapisinda bulunan
alliminyum, demir ve silisyum oksitlerin birbirleriyle bag kurmasi ve belirli bir doygunluga ulagmasi
malzemelerin oranlartyla ilgilidir. Ugucu kiil optimum seviyeyi gegtikten sonra (buna bagl olarak
¢imento kiitlesi azalmaktadir) hidrate olmayan ugucu kiil taneleri numunenin sikisabilirlik 6zelliklerini
olumsuz etkilemektedir. S/N analiz sonuglarma gore 56 giin kiir siiresinde parametrelerin optimum
seviyeleri; Oyerinde i¢in 425 kg/m3, UKO igin %40, S igin %3, s/b orani i¢in 0.8 ve LI igin 0.4
belirlenmistir.

Her parametrenin en kiigiik ve en bilyiilk S/N degerleri arasindaki fark (delta degeri) ne kadar
biiyiikse sonug iizerinde o kadar etkilidir. Sikisma indisi {izerinde en etkili parametre su/baglayici oran
olmaktadir (delta=7.56). Diger parametrelerin 6nem sirasi; likitlik indisi (delta=3.84), baglayic1 dozaji
(delta=3.64), ugucu kiil oran1 (delta=2.41) ve siiper akiskanlastiric1 katki oran1 (delta=1.84) seklindedir.
Sikigma indisini etkileyen en onemli parametrelerin su/baglayici oran1 ve likitlik indisi olmasi, bu
parametrelerin karigimin su igerigini yani bosluk oranini etkilemesi yiiziindendir. Karigimdaki bosluk
orani ne kadar fazla olursa DKK numunesi o kadar fazla sikigsabilmektedir.
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Sekil 3. S/N Ana Etki Grafikleri

Optimizasyon ve Dogrulama (Optimization and Verification)

Optimum sikisma indisi degerlerinin tahmin edilmesinde Minitab programi kullanilmustir.
Optimizasyon sirasinda, sistemin serbestlik derecesini ayarlayabilmek icin sonug tizerinde etkisi en az
olan parametre (siiper akigkanlastiric1) modelden ¢ikarilmistir. Optimizasyon sirasinda 28 ve 56 giinliik
sikisma indisi degerleri minimum elde edilmesi hedeflenmistir. Optimizasyon sonucunda 28 ve 56
giinliik sikisma indisi degerleri sirasiyla 0.0445 ve 0.0352 tahmin edilmistir. Ayrica optimizasyon
sonuglarinin Istenebilirlik degeri yani olma olasilig1 1.00 (%100) ¢ikmustir (Sekil 4).

S/N analizinden elde edilen optimum parametre seviyeleri ile DKK numuneleri hazirlanmig ve
konsolidasyon deneyleri yapilmistir (Sekil 5). Dogrulama deneylerinde 28 giinliik sikisma indisi 0.044,
56 giinliik sikisma indisi 0.026 elde edilmistir. Buna goére dogrulama deneylerinden bulunan sikigsma
indisi degerleri optimizasyon sonuclarina gore 28 giinde %1.1, 56 giinde %26.1 daha disiik elde
edilmistir. Dogrulama deneylerinden bulunan sikisma indisi degerleri L16 tasarimindaki degerlerden
daha diisiik elde edilmistir. Bu sonug optimizasyon sonuglarinin giivenilir oldugunu gostermektedir.

Parametre ve seviyeleri
BD (425 kg/m?) TUKO (%40) s/b (0.8) LI (0.4)

TR BEES Sonn CPeaat et SoSEL L S Sy - %

L ]
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————— e P R R N
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Minimum
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Sekil 4. Optimizasyon grafigi
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Sekil 5. Konsolidasyon Dogrulama Deneyleri: a) 28 Giin, b) 56 Giin

SONUCLAR (CONCLUSIONS)

Bu ¢alismada ugucu kiil katkisinin derin karistirma kolonlarinin sikisabilirlik 6zelliklerine olan

etkisi incelenmistir. Calisma kapsaminda killi bir zemin, 1slak karistirma yontemiyle iyilestirilmigtir.
Calismadan elde edilen sonuglar sunlardir:

Derin karigtirma kolonlarinin imalatinda en diisiik sikisma indisini elde etmek i¢in optimum
imalat parametreleri; baglayict dozaji igin 425 kg/m3 ugucu kiil oram igin %40, siiper
akiskanlastirici katki yiizdesi i¢in %3 ve su/baglayici orani i¢in 0.8 belirlenmistir.

Baglayici dozaji arttikca kil taneleri arasinda daha fazla ¢imentolanma iirtinleri olustugundan
DKK numunelerinin sikigsma indisi azalmaktadir. Enjeksiyonun su/baglayici orani arttikca ise
numunenin bosluk orani artmakta ve DKK numunesinin sikisma kapasitesi artmaktadir.
Optimum imalat parametreleriyle DKK imalat1 yapildiginda sikisma indisi minimum seviyeye
gelmektedir. Enjeksiyon igerisindeki ugucu kiil miktar1 toplam kuru baglayicinin %40°1na kadar
numunenin sikisma indisini azaltmaktadir. Bu sonu¢ DKK imalatinda ¢imento kullaniminin
%40 oraninda azaltilmasiyla enjeksiyon maliyetlerinin azalacagini gostermektedir. Ayrica atik
bir iiriin olan ugucu kiiliin kullanim1 artarak ¢evresel zararlar da azaltilmis olacaktir.

Sonug olarak, optimum enjeksiyon parametreleri ile arazide diisikk sikisma indisine

(sikisabilirlige) sahip derin karistirma kolonlar1 imal edilebilir. Insaat sahasinda ¢imento silosuna ek
olarak ugucu kiil silosu kurulabilir ve uygun oranlarda ¢imento, ugucu kiil, siiper akigkanlastirici katki
ve su iceren enjeksiyon hazirlanarak kolon imalati yapilabilir. Optimum imalat parametrelerinin arazinin
zemin yapisina gore degiskenlik gdsterebilecegi unutulmamalidir
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Uretim lojistigi olarak da bilinen i¢ lojistik, hammaddelerin, malzemelerin ve bilesenlerin sorunsuz
depolama tesislerinin nasil yapilandirilacagidir. Bu karar, merkezi mi yoksa merkezi olmayan bir
depolama sisteminin mi daha uygun oldugunu belirlemeyi ve belirli operasyonel ihtiyaglara en uygun
stipermarket tiiriiniin segilmesini igerir. Tasima sistemi kararlari, denklemin bir sonraki ayrilmaz
pargasini olugturur. Bu adimda, besleme hatlari, ¢ekici trenler, forkliftler veya konveyor sistemleri
ve Otomatik Kilavuzlu Arag¢ (AGV) teknolojisinin kullanimi gibi malzeme tasima yontemleri
tizerinde durulur. Bu ¢aligma, farkl istasyon yerlesim tirleri (I-tipi, L-tipi, U-tipi ve S-tipi)
stipermarket yerlesim yeri ve ulasim araglarinin se¢imi kararlari ile analiz edilerek en uygun hat
yerlesim tiiriine karar vermeyi amaglamaktadir. Bu baglamda, toplam tasima ve stok maliyetlerini en
aza indirmeyi, tesis alani kullanimini optimize etmeyi ve genel verimliligi artirmay1 hedefleyen bir
matematiksel model sunulmaktadir. Siipermarket yerlesimi diizeninin ve tagima araglarinin tiirii ve
sayisinin optimize edilmesi, diigik maliyetli tesis i¢i tagimalara ve belirli bir hizmet kalitesi
seviyesinin saglanmasina yonelik 6nemli bir adimdir. Bu ¢alisma, siipermarket diizeni ve tasima
yontemi segimi kararlari altinda hat tiirlerinin karsilastirilmasi ile tesis i¢i tasima maliyetlerini en aza
indirme, alan kullanimini ve verimliligi artirma odakli bir yaklasim sunmaktadir.
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ABSTRACT

Internal logistics, interchangeably known as production logistics, plays a pivotal role in
efficiently managing raw materials, materials, and components within a facility. A
fundamental challenge in in-facility logistics lies in determining the configuration of storage
facilities. This critical decision involves choosing between a centralized or decentralized
storage system and selecting the most suitable supermarket type to meet specific operational
needs. The subsequent integral step involves making decisions about the transportation
system. This step evaluates various material handling methods, including feed lines, tow
trains, forklifts, conveyor systems, and Automatic Guided Vehicle (AGV) technology.
Building on this, our study aims to identify the most suitable line layout type by analyzing
different station layout types (I-type, L-type, U-type, and S-type), supermarket layout, and
transportation vehicle selection decisions. In this context, a mathematical model is designed
to minimize total transportation and inventory costs, optimize facility space utilization, and
enhance overall efficiency. Achieving an optimal supermarket layout and determining the
appropriate type and quantity of transportation vehicles represents a crucial step towards
realizing cost-effective in-facility transportation and ensuring a specific level of service
quality. Our study provides a focused approach, aiming to minimize in-facility
transportation costs, optimize space utilization, and enhance efficiency by systematically
comparing line types within decisions related to supermarket layout and transportation
method selection.
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Fen ve Miihendislik Bilimleri Dergisi

GiRiS (INTRODUCTION)

Son yillarda, o6zellikle montaj iiretimi yapan isletmelerde, iiretim hatlarinin siirec¢
iyilestirmesine odaklanmaktan parca lojistigi operasyonlarina agirlik vermeye dogru kayda deger
bir degisim yasanmustir [1]. Sirketler, en kaliteli iiriinii en diisiitk maliyetle iretmek ve en iyi miisteri
memnuniyetine sahip olmak i¢in rekabet ederken [2], tiiketici taleplerini karsilamak i¢in ¢esitli
secenekler sunarak firiinlerini Ozellestirmek zorundadir. Bu durum, farkli iiriin modellerinin
iretilmesine ve istasyonlara tedarik edilecek pargalarin 6nemli Olc¢lide cesitlenmesine yol
acmaktadir. Dahasi, tam zamaninda (Just-in-Time - JIT) konseptiyle uyumlu olarak, teslimat
dongiilerini en aza indirme zorunlulugu artmis ve ayni zamanda iyi organize edilmis ve tutarli
lojistik operasyonlarina duyulan ihtiyaci yogunlastirmistir [1,3,4].

Genellikle i¢ lojistik olarak adlandirilan iiretim lojistigi, verimli liretim operasyonlarinin
temel bir bilesenidir ve hammaddelerin, malzemelerin ve bilesenlerin bitmis {irlinlere
dontstiiriilmesi sirasinda diizenli bir sekilde yonetilmesi igin kritik gdrev goriir. Fabrika igi
lojistigin dogasinda bulunan ¢ok yo&nlii zorluklar arasinda, depolama tesislerinin yapilandirilmasi
onemli bir karar noktasi olarak ortaya ¢ikmaktadir [5,6]. Bu karar, merkezi ve merkezi olmayan
depolama sistemleri arasinda mantikli bir se¢im yapilmasinin yani sira belirli operasyonel
gereksinimlere gore uyarlanmis en uygun siipermarket tiiriiniin se¢ilmesini de gerektirir. Buna
paralel olarak, tasima sistemi kararlar1 da lojistik denklemin ayrilmaz bir pargasini olusturur. Bu
asama, besleme hatlari, traktor trenleri, forkliftler, konveyor sistemleri ve Otomatik Kilavuzlu
Aragclar (Automatic Guided Vehicle-AGV) veya Lazer Kilavuzlu Araglar (Laser Guided Vehicles-
LGV) teknolojisinin entegrasyonu gibi segenekleri kapsayan malzeme tasima yodntemlerinin
belirlenmesi ile siirdiiriiliir.

Capraz sevkiyatin tesis i¢i lojistikte karsilig1 olan slipermarket kavrami stok yonetimine
yardimci olan ve bir {iretim tesisi igindeki malzeme akigini diizenleyen bir depolama ve dagitim
sistemini ifade eder [5]. Parcalarin kesintisiz tedarikini saglamak i¢in bu tesis i¢i lojistik alanlarinin
optimum konumunun ve miktarinin belirlenmesi 6nemlidir. Tesis alaninin yiiksek maliyeti gz
Oniine alindiginda, mevcut alani stratejik olarak kullanmak, agir1 maliyetlere neden olan gereginden
biiyiik  slipermarketlerden veya {iretkenligi Onemli Olclide engelleyebilecek yetersiz
siipermarketlerden kaginmak zorunludur. Bunun yani sira, son yillarda kablosuz aglar, sensorlar ve
akilli bilgi ve liretim yontemleri gibi teknolojilerin yiikselisi etkili malzeme tagima sistemlerinin
gelistirilmesine yol agmis ve manuel tagima islemlerinin yerini almasi i¢in firsat olusturmustur.
Genel olarak Otomatik Tasima Araglar1 (Automated Transport Vehicles-ATV) olarak adlandirilan
AGV’ler, mobil robotlar, c¢ekici trenler gibi araclar giiniimiizde iiretim istasyonlar1 arasinda
malzeme tagima igin etkin bir sekilde kullanilmaktadir [7]. Etkili bir malzeme tasima sistemi
kurmak i¢in birden ¢ok malzeme tasima aracini entegre bir halde kullanmak gerekebilir. Ancak, bu
teknolojilerin edinilmesi ve uygulanmasi dnemli ilk yatirim maliyetleri igerir ve bir¢ok iiretim tesisi
icin kayda deger bir engel teskil eder. Bu zorluklarin anlasilmasi ve hafifletilmesi, uzun vadeli
faydalar saglayabilecek basarili bir entegrasyon icin ¢ok 6nemlidir. Bu nedenle, otomatik tasima
araclarinin sisteme entegre edilmesi tiretim endiistrileri i¢in karmasik karar problemlerinden biridir
[1,8]. Alinacak kararlardan bazilari; (i) kullanilacak arag tiiriiniin ya da tiirlerinin belirlenmesi, (ii)
araglarin maksimum tasima kapasitelerinin belirlenmesi ve (iii) malzeme yiikleme ve bosaltma
yonteminin belirlenmesidir.

flgili literatiir incelendiginde belirli varsayimlar altinda problemin bir kismini ele alan
teorik calismalarin [9,10] ¢ogunlukta oldugu goriilmiistiir. Bu calismalarin birgogu da tasima
aracinin ¢izelgelemesi ve rotalamasi lizerinedir. Heger ve Voss [11] ¢ok amacl istasyonlardan
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olusan esnek bir atélye i¢cin AGV’lerin sevk kurallar1 iizerine bir ¢alisma yapmislardir. Bu
calismada AGV’ler igin statik kurallar yerine dinamik 6ncelik temelli bir sevk politikasi sunulmus
ve bu akilli sevk yaklagimui ile biiyiik bir iyilestirme saglandigi vurgulanmistir. Rahman ve Nielsen
[12] dagitim sistemleri i¢in otomatik tagima araglarinin (AGV, gekici tren, vb.) istasyonlara diizgiin
malzeme akisin1 saglanmasi amaciyla bir cizelgeleme calismasi yapmislardir. Calismanin
sonucunda arag tiirlerinin entegre sekilde ¢alistig1 bir yaklasimin diizgiin malzeme akisini sagladig:
ve sistem performansinin 6nemli dl¢iide iyilestirildigi gosterilmistir. Zacharia ve Xidias [13] esnek
bir iiretim sisteminde AGV filosu i¢in ara¢ rotalama ve hareket planlamasi arastirmiglar ve ¢ok
amacli evrimsel bir model dnermislerdir.

Son yillarda, problemi biitlinsel olarak ele alan gercek-hayat uygulamalarina iliskin
calismalara olan ilgi de artmaktadir. Ik olarak, Alnahhal ve Noche [14], karma modelli montaj
hatlarimi besleyen siipermarketlerin sayisim ve yerlerini belirleyerek sistemin tagima ve stok sabit
maliyetlerini minimize etmeyi amaclayan bir tamsayili programlama modeli ve genetik algoritma
¢Oziim yaklasimi Onermislerdir. Nourmohammadi ve ark. [15] esnek imalat sistemleri igin
siipermarketlerin (tesis i¢i merkezi olmayan depolama alanlar1) konumunun belirlenmesi ve tagima
araci se¢imi problemini birlikte ele alan entegre bir stokastik model 6nermislerdir. Battini vd. [8],
tesis i¢i dongiisel sefer (milk-run) sistemlerinde, tagima aract segim problemi ile slipermarket
alanlarinin konumunun belirlenmesi problemini birlikte ele almiglardir. Faccio vd. [16], karma
modelli liretim hatlarinda optimal siipermarket ve tagima/besleme sistemini tasarlamak i¢in bir
cergeve sunmuslardir. Bu ¢ercevede slipermarket sistemleri ile tagima sisteminin optimal sekilde
planlamasina y6nelik hem uzun vadeli (statik-analitik model) hem de kisa vadeli model (dinamik-
simiilasyon modeli) entegre sekilde sunulmustur.

Modern iiretimin dinamik ortaminda, i¢ lojistigin etkin yOnetimi, operasyonel verimlilik
icin giderek daha Onemli hale gelmistir. Bu zorlugun merkezinde, tesis i¢indeki depolama
alanlarinin yapilandirmasi ve tasima sistemleriyle ilgili stratejik kararlarin verilmesi yer almaktadir.
Bu baglamda, yeni teknolojilerin entegrasyonu, bir dizi firsat ve zorlugu da beraberinde getirmistir.
Bu zorluklarin iistesinden gelmek ve yatirimlari gegerli kilmak i¢in optimizasyon modelleri 6nemli
bir rol oynamaktadir.

Bu c¢alisma, siipermarket konumu ve tasima modu secimine iliskin kararlarla baglantili
olarak c¢esitli hat diizenlerinin, 6zellikle de I-tipi, L-tipi, U-tipi ve S-tipi stratejilerin incelenmesine
dayanmaktadir. Genel amag, tesis i¢i lojistigin optimize edilmesi baglaminda en uygun hat yerlesim
tipini belirlemektir. Bu amaca ulasmak i¢in ¢alisma, toplam tagima ve stok maliyetlerini en aza
indirirken ayni zamanda tesis alaninin kullanimini optimize etmek igin gelistirilmis bir
matematiksel model icermektedir. Stipermarket yerlesim planinin optimizasyonu ve uygun tagima
modu se¢imi, yalnizca maliyet etkin fabrika i¢i tasimaciligin degil, ayn1 zamanda gerekli hizmet
kalitesinin de elde edilmesinde c¢ok Onemlidir. Bu nedenle bu caligma, tesis i¢i nakliye
maliyetlerinin en aza indirilmesi ve alan kullanimi ile genel verimliligin artirilmasi hedeflerine
odaklanan, tesis i¢i lojistik problemlerin ¢oziimiine yonelik bir yaklasim sunmaktadir. Bu
arastirma, slipermarket diizeni ve tasima modu sec¢imi kararlar1 altinda hat diizeni tiirlerinin
kargilagtirmali bir analizini yaparak, modern iretim operasyonlari alaninda iretim lojistiginin
ortaya ¢ikardigi karmasik zorluklar i¢in ¢6ziim sunmay1 amag¢lamaktadir.

Calismanin geri kalant su sekilde dizenlenmistir: Ele alinan problemin tanimi ve
gelistirilen matematiksel formiilasyon Materyal ve Metot boliimiinde aciklanmistir. Ornek
uygulamaya iligkin bilgiler ve uygulama sonuglari Bulgular bélimiinde sunulmustur. Son olarak,
calismanin genel sonuglar1 ve katkisi Tartisma ve Sonuglar béliimiinde verilmistir.
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MATERYAL VE METOD (MATERIALS AND METHODS)
Problemin Taninmi (Problem Definition)

Bu calismada, otomotiv iiretim hattinda istasyonlara parc¢a besleme politikasina bagli olarak
ortaya ¢ikan {iretim lojistigi kararlar1 ele alinmaktadir. Ele alinan parga besleme politikasina gore,
parcalar 6nce biiyiik konteynerler icinde merkezi olmayan depolara (siipermarketler) gonderilir ve
burada standartlastirilmis kutularda yeniden paketlenir. Daha sonra, 6dnceden belirlenmis bir iiretim
planii takiben istasyonlar1 diizenli olarak beslemek iizere kutular belirli tasima araglarina yiiklenir.
Bu amagla, ilk olarak, siipermarketlerin optimum sayisi, konum ve biiyiikliik kararlar ile birlikte
belirlenmektedir. ikinci olarak, farkli tasima araclarinin varlig ve bunlarin kapasiteleri ile kurulum
maliyetleri g6z oniinde bulundurularak, hazirlanan kutular istasyonlara teslim etmek ic¢in her bir
siipermarkette gerekli olan en uygun tasima araci tiirii ve sayisi hakkinda karar verilmek
istenmektedir.

Probleme iligkin, istasyonlar, aday siipermarket pozisyonlari, istasyonlarin beslendigi
siipermarket alanlar1 ve parga kutularinin istiflendigi istasyon raflarindan olusan tipik bir I-tipi
(diiz) hat diizeni Sekil 1'de gosterilmistir.

is pargasi istasyon Mentaj Hatti

=

5 5 ] ] 1 v e G o
e e e e Raf Aday stipermarket konumlari

Arag rotasl Stpermarket alani

Sekil 1. Diiz montaj hatti (I-tipi) yerlesim diizeni

Etkili hat konfigiirasyonlari, {iiretim tesislerindeki i¢ lojistigin verimli sekilde ele
alinmasinda 6nemli bir rol oynamaktadir. Her bir hat stratejisi farkli avantajlar ve dikkat edilmesi
gereken hususlar icermektedir. Basit dogrusal diizeniyle 6ne ¢ikan I-tip (diiz) hatlar, doniislerin
uygulanabilir olmadigi kisa veya otomatik siiregler i¢in idealdir ve hem malzemeler hem de
operatorler icin kolay erisim saglar. Bununla birlikte, daha uzun I hatlarinda, bina sinirlarina
ulasilmasi ve genel akisin engellenmesi gibi zorluklar ortaya ¢ikabilmektedir. Bununla birlikte, L-
tipi hatlar ek bir kdseye sahip olsalar da genel olarak I-tipi hatlarla benzer 6zellikler tagimaktadirlar.

Buna karsilik yalin {iretimle 6zdeslesen U-tipi hatlar, operator yakinligini ve hat disindan
verimli malzeme tedarikini tesvik ederek manuel liretim hatlarinda 6ne ¢ikmaktadir. Malzeme
ikmali daha karmagik olsa da, U-tipi hatlar ¢oklu operasyonlar1 gergeklestirmeyi ve daha hizli sorun
¢Ozlimiinii kolaylastirmaktadir. Diger taraftan, S hatt1 otomotiv montaj hatlar1 gibi uzun siireglerde
uygulama alan1 bulmakta ve iiretim tesislerine daha erisilebilir entegrasyon saglamaktadir. S
seklindeki bu konfigiirasyon lojistigi kolaylastirir, ancak gecislerin ve erigim noktalarinin dikkatli
bir sekilde planlanmasi sarttir. Hat yerlesim stratejileri [17—19] kaynaklarinda ayrintili olarak ele
almmaktadir.

Her bir hat konfigiirasyonunun farkliliklarin1 kavramak, tesis i¢i lojistigi optimize etmek,
sorunsuz malzeme akigi saglamak ve ¢esitli liretim ortamlarinda genel operasyonel verimliligi
artirmak i¢in ¢ok onemlidir. Buradan yola ¢ikarak, bu calismada gelistirilen modelin farkli hat
yerlesim stratejilerine uygulanmasi ile ele alinan problem hedefleri ile uyumlu sekilde en uygun
hat yerlesim tipinin belirlenmesi hedeflenmektedir. Sekil 2’de, L-tipi, U-tipi ve S-tipi hat yerlesim
stratejileri gosterilmektedir.
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(@) (b)

(c)
Sekil 2. (a) L-tipi, (b) U-tipi ve (c) S-tipi hat yerlesim stratejileri

Verilen bilgilere dayanarak, problem, bir montaj hatti boyunca yerlestirilmis bir dizi
istasyonun (k,l =1,...,M) parca talebini karsilamak amaciyla bir dizi aday siipermarket
(s =1,...,5) varsayilarak formiile edilebilir. Siipermarketler tarafindan kutular1 bir dizi istasyona
teslim etmek i¢in kullanilabilecek farkli tipte tasima araglar1 (e = 1, ..., E) mevcuttur. Her tasima
aracinin farkli kapasitesi, sevkiyat ve tedarik maliyetleri vardir. Hat tizerindeki k istasyonunun ve
s siipermarketinin koordinatlar1 sirasiyla (ay, by) ve (A, Bs) ile tamimlanir. Bir tasima aracinin,
stipermarket ile bir dizi istasyon arasinda kat ettigi mesafe (dg;) Es. (1) yardimiyla
hesaplanmaktadir:

dsir = |Ag — ag| + |Bs — by| + |Ag —a;| + [Bg — b;| + dj, (1)

Burada, mesafe (dg;) temel olarak ii¢ bilesenden olusur: (i) s slipermarketinden k istasyonuna
olan mesafe, (ii) [ istasyonundan s siipermarketine olan mesafe ve (iii) k istasyonundan [
istasyonuna olan mesafe (dy;). Bu kisimda, farkli hat yerlesim diizenleri i¢in de dogru sonug
verebilmesi agisindan istasyonlar arasindaki mesafe (dj;) hesaplanirken dogrudan hat tizerindeki
uzakligin kullanildigina dikkat edilmelidir. Nourmohammadi ve ark. [5] tarafindan 6nerilen uzaklik
formiilii sadece diiz hatlara uygulanabilirken, Es. (1)‘de 6nerdigimiz denklem kullanilarak farkli
hat yerlesim tiirleri i¢in uzakliklar hesaplanabilmektedir.

Problemin ¢6ziimiinde asagida verilen varsayimlar dikkate alinmaktadir [5,6].
e Bir siipermarket tarafindan hizmet verilen istasyonlar her zaman ardisiktir.

e Siipermarketlerin kapasitesi sinirlidir ve bu durum, depolanabilecek ve geri alinabilecek
kutu sayis1 agisindan dnceden bilinmektedir.

e Farkli kapasitelere sahip farkli tipte tasima araglar1 vardir. Stipermarketlerin her biri
tarafindan kullanilabilecek ara¢ sayisi konusunda herhangi bir sinirlama bulunmamaktadir.
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e Bir silipermarketin mevcut tasima araglar1 arasindan yalnizca bir tiirlinii kullanabilecegi
varsayilmaktadir.

e Tam otomatik yiikleme ve bosaltma sistemlerinin kullanimin1 miimkiin kilmak igin,
kutularin boyut acisindan ayni oldugu kabul edilmistir.

e Parcgalar yeniden paketlenir ve istasyonlara teslim edilmek flizere siipermarketlerde ayni
standart boyutlardaki kutularda depolanir. Bu calismada yalnizca siipermarketlerden
montaj istasyonlarina kii¢iik partiler halinde yapilan teslimatlar dikkate alinmistir.

Matematiksel Formiilasyon (Mathematical Formulation)

Stipermarket konumu/biiyiikliigli ve tasima araci se¢im problemi igin Onerilen karma
tamsayili programlama modeli, verilen problem tanimina dayali olarak sunulmustur. Bu model,
Nourmohammadi ve ark. [5] tarafindan tanitilan modelin genisletilmis bir versiyonudur. Onerilen
genisletilmis modelde, kurulan slipermarket kapasitelerinin sabit bir deger yerine degisken olarak
ele alinmasi modele dahil edilmistir. Sonu¢ olarak, amag¢ fonksiyonunda siipermarket a¢cma
maliyeti, kurulan siipermarket kapasitesi ile birim kurulum maliyeti dikkate alinarak hesaplanacak
sekilde degistirilmistir. Ayrica, kurulabilecek siipermarket boyutunun maksimum degerini
kisitlamak i¢in yeni bir kisit getirilmistir. Ayrica, mevcut kisitlar bu degisiklikleri hesaba katacak
sekilde glincellenmistir. Boylelikle model, farkli siipermarket konumlari ve biiyiikliikleri ile tasima
araci kararlar1 dikkate alinarak, siipermarketleri kullanan istasyonlarin parga besleme siirecindeki
iki ana karar problemini birlikte ele almaktadir.

Onerilen modelin parametreleri; istasyonlarin konumlari, aday siipermarket konumlari,
istasyon talepleri, birim kurulum maliyeti, tasima araci ile ilgili maliyetler, tasima araci kapasitesi,
mesafeler ve tasima maliyetlerinden olusur. Onerilen modelde kullanilan notasyonlar asagida
agiklanmuistir.

Indisler
k, | istasyon (k, | = 1,.....,.M)
S siipermarket (s = /,....., S)
e tasima arag tipi (e = 1, .....,E)

Parametreler

ax, bk k istasyonu i¢in X ve y koordinatlari

As, Bs s aday siipermarketi i¢in x ve y koordinatlari

dsii siipermarket k’den I’ye kadar olan tiim istasyonlara ikmal yapmak igin kat edilen
toplam mesafe

stk kutu cinsinden k istasyonunun talebi

tdi k istasyonundan | istasyonuna kadar tiim istasyonlarin toplam talebi;
td = Z}:k Stf

H maksimum siipermarket kapasitesi (kutu sayisi)

r siipermarket kurulum maliyeti (birim basina)

Qe e tagima aracinin kapasitesi (kutu sayisi)

Pe e tipi bir tagima araci i¢in satin alma maliyeti

Ce tagima araci e kullanilarak bir kutuyu bir birim mesafeye tasimanin sevkiyat birim
maliyeti

T maksimum kurulacak siipermarket sayisi
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Karar Degiskenleri
w kurulan siipermarket sayisi
Vse siipermarket S’ye atanan € tipi tasima araci sayist
Xskle istasyon k’dan I’ye kadar olan tiim istasyonlar e tagima aracimi kullanan
siipermarket tarafindan besleniyorsa, 1; aksi halde, 0.
Vs kurulan siipermarket S’nin kapasitesi

Onerilen biitiinlesik iiretim planlama ve sinif temelli iiriin atama modeli karisik tam say1li
programlama modeli olarak su sekilde formiile edilmistir.

Amag Fonksiyonu:
S M M E S E S
Min z = ZZZXSkIeXtdkldeklxce+223’sexpe+zvsxr (2
s=1k=1I=k e=1 s=1e=1 s=1
Kisitlar
M M ed
kl
Vse = ZEXSkIe X a V= 1..,S; Ve= 1,..,E (3)
e

S M M E
LD I @
S b E S =1\/} E
zzzxskbezz Z sz(b+1)1e Vp=1,..,M—1 (5)

s=1k=1le=1 s=1l=b+1e=1
M M E
Zzzxsk]e <1 VS: ,...,S (6)
k=11=k e=1
tdyg Xskle < Vs Vs=1,..,S; Vo=1,...,E; V= 1,...,M; V;= k, .., M (7)
1<w<T (8)
v <H ve=1,..,S 9

Xske € {0,1}  Vs=1,..,S; V=1, ...,E; Vi,=1,..,M; V;=Kk,..,M

10
W, Vse, Vs € Tamsayl ve=1,..,S; V.=1,...,E (10)

Modelde, Es. (2) ile gosterilen amag fonksiyonu siipermarketlerin toplam sevkiyat maliyeti,
toplam arag¢ tedarik maliyeti ve toplam kurulum maliyeti olmak iizere iic maliyet kaleminden
olusmakta ve toplam maliyeti en aza indirmeyi hedeflemektedir. Es. (3) ile verilen kisit, her bir
siipermarkete atanan e tipi tasima araglarinin sayisini elde etmektedir. Es. (4) kisit1 kullanilarak,
tasima araglarn ile beslenmek {izere belirlenen istasyon grubu sayisinin, kurulan slipermarket
sayisina esit olmasi saglanmaktadir. Es. (5) kisit1 ile, tiim istasyonlarin atanan tasima araci tipi
aracilifiyla yerlesik stipermarketler tarafindan beslenmesi giivence altina alimmaktadir. Es. (6)
kisiti kullanilarak, her istasyonun yalnizca bir siipermarket ve bir tiir tasima araci tarafindan
beslendigi garanti edilmektedir. Es. (7) ile, bir siipermarkete atanan istasyonlarin toplam talebinin
siipermarketin kapasitesini agsmamasi saglanmaktadir. Es. (8), kurulacak toplam siipermarket
sayisinin alt ve iist sinirlar arasinda olmasi saglanmaktadir. Es. (9) ile, agilan bir siipermarketin
kapasitesinin Onceden belirlenen maksimum silipermarket kapasitesini asmamasi garanti
edilmektedir. Es. (10), hem ikili hem de tamsayir olan karar degiskenlerinin sinirlarini
belirlemektedir.
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BULGULAR (RESULTS)

Bu boliimde ¢aligmada 6nerilen metodolojinin gegerliligini test etmek ve gelistirilen modelin
performansin1  degerlendirmek amaciyla, Nourmohammadi ve ark. [5] tarafindan Onerilen test
problemlerinden esinlenen bir 6rnek uygulama gercgeklestirilmistir. Uygulama, otomotiv {iretim hattinda
30 istasyon ve 3 farkli tasima aracim icermektedir. Istasyon talepleri Ekler kisminda, problemle ilgili
diger parametreler ise Tablo 1 ve Tablo 2’de verilmistir. Problem tanimina uygun olarak, istasyonlarin
birbirlerinden bir birim uzaklikta hat diizeni boyunca sirayla dizildigi varsayilmaktadir. Basitlik
acisindan, aday siipermarket konumlarinin x-koordinatlar1 (As) hat boyunca esit araliklarla
dagitilmaktadir. Ayrica, istasyonlarin ve siipermarketlerin y-koordinatlari (b ve Bs) arasinda beser birim
mesafe olacak sekilde yerlestirilmektedir.

Tablo 1. Ornek problem icin parametre degerleri

Parametre Deger
Istasyon say1s1 (M) 30
Olas1 stipermarket sayisi (S) 8
Tagima arac tiirli (E) 3
Maksimum siipermarket kapasitesi (H) 100
Siipermarket birim kurulum maliyeti () 10

Tablo 2. Tasima aract tiirleri igin parametre degerleri

1. tip arag 2. tip arag 3. tip arag
Kapasite (kutu cinsinden) (qe) 10 30 50
Satin alma maliyeti (pe) 100 500 2000
Birim tagima maliyeti (Ce) 3 2 1

Onerilen karma tamsayili programlama modeli CPLEX ¢dziiciisii kullanilarak ¢oziilmiistiir.
Coziim stirecinde, stipermarket sayisi, konumu ve biiyiikliigii, her bir siipermarkete atanan tagima araci
tiirlii ve sayist karar degiskenleri incelenmistir. Optimizasyon sonucunda elde edilen ¢6ziim, her bir
istasyonun hangi siipermarketten beslendigi, kullanilan tagima araglarinin tipi ve sayisi gibi bilgileri
igermektedir.

Model ilk olarak, Sekil 1’de istasyon ve aday siipermarket konumlar1 gosterilen I-tipi (diiz) hat
diizeni i¢in g¢aligtinlmustir. Tablo 3’te I-tipi yerlesim diizeni i¢in optimal siipermarket konumlari,
kapasiteleri, her bir stipermarkette kullanilacak arag tipleri ve her bir istasyonun besleyecegi istasyon
araliklar1 sunulmustur. Sonuglar incelendiginde, I-tipi hat yerlesim diizeni i¢in 1,5 ve 6 numarali aday
siipermarketlerin agilmasina ve bu merkezi olamayan depolama noktalarinda istasyonlar1 beslemek i¢in
3 numarali arag tiirline ihtiyag oldugu goriilmektedir.

Tablo 3. I-tipi hat diizeni sonuglari

Siipermarket ~ Konum Kapasite (vs) ~ Atanan Arag Tipi  Beslenen Istasyon Aralig1
#1 1 84 3 1-11
#2 5 49 3 12-19
#3 6 77 3 20-30

Bu caligsma, entegre tesis i¢i lojistik karar verme siireci i¢in kapsamli bir model sunmanin yani
sira, liretim hatlart i¢in farkli hat yerlesim stratejilerini karsilagtirmay1 ve en uygun olani belirlemeyi
amaglamaktadir. Bu dogrultuda, I-tipi, S-tipi, L-tipi ve U-tipi hat yerlesim stratejileri, gelistirilen
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matematiksel model kullanilarak sistematik olarak karsilastirilmigtir. Tablo 4'te 6zetlendigi gibi, L tipi
hat diizeni kullanildiginda, sekiz aday konum arasindan optimum siipermarket konumu olarak 2, 4 ve 8
belirlenmistir. Bu sonuglara gore, L tipi hat diizeni icin istasyon hizmet dagilimi su sekildedir:
siipermarket-1 ilk 10 istasyona, siipermarket-2 11 ila 17. istasyonlara ve siipermarket-3 18 ila 30.
istasyonlara hizmet vermektedir.

Benzer sekilde U-tipi hat yerlesim diizeni icin ii¢ siipermarket konumu belirlenmistir. Optimal
sonuclara gore 2, 3 ve 8 numarali aday pozisyonlara yerlestirilen siipermarketlerin kapasitelerinin de
strastyla, 58, 97 ve 55 oldugu goriilmektedir. Siipermarket-1 ve 3, 2 numarali arag tiiriinii kullanirken,
siipermarket-2 ise 3 numarali arag tiiriinii kullanmaktadir. U-tipi hat yerlesim diizeni i¢in model
sonuglari Tablo 5’te sunulmustur. Son olarak, 6nerilen matematiksel model kullanilarak S-tipi hat
diizeni incelenmistir. Tablo 6’da sunulan sonuglara goére, 1,2 ve 3 numarali aday stipermarketlerin
acilmasina ve bu noktalardan istasyonlari beslemek i¢in 3 numarali ara¢ tiiriine ihtiya¢ oldugu
goriilmektedir.

Tablo 4. L-tipi hat diizeni sonuglar

Siipermarket ~ Konum Kapasite (vs)  Atanan Arac Tipi  Beslenen Istasyon Araligi
#1 2 74 3 1-10
#2 4 50 3 11-17
#3 8 86 3 18 -30

Tablo 5. U-tipi hat diizeni sonuglar

Siipermarket ~ Konum Kapasite (vs)  Atanan Arac Tipi  Beslenen Istasyon Araligi
#1 2 58 2 1-8
#2 3 97 3 9-22
#3 8 55 2 23-30

Tablo 6. S-tipi hat diizeni sonu¢lar

Siipermarket ~ Konum Kapasite (vs)  Atanan Arag Tipi  Beslenen Istasyon Aralig
#1 1 92 3 1-12
#2 2 28 2 13-15
#3 3 90 3 16 - 30

Tablo 7’de hat stratejilerinin karsilastirilmasi1 amaciyla amag fonksiyonu degerleri sunulmustur.
Acilan siipermarketlerin toplam tasima maliyeti, toplam ara¢ tedarik maliyeti ve toplam kurulum
maliyeti kalemlerinden olusan toplam maliyet degerleri karsilagtirildiginda en uygun stratejinin U-tipi
yerlesim oldugu goriilmektedir. U-tipi hat diizeni i¢in elde edilen optimal yerlesim diizeni Sekil 3’te
gosterilmistir.

Tablo 7. Yerlesim diizenlerinin karsilastirilmasi

Hat yerlesim diizeni Amag Fonksiyonu
I-tipi 22,012
L-tipi 21,676
U-tipi 20,568
S-tip 20,968

Elde edilen sonuglara gore, siipermarketler i¢in optimal konumlarin ve biyikliiklerin
belirlenmesi, her bir siipermarkete atanacak tasima araci tiirii ve sayisinin optimize edilmesi, genel
operasyonel verimliligi etkileyen unsurlar arasinda 6nemli bir yer tutmaktadir. Hat yerlesim stratejileri,
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stipermarket operasyonlarinin etkin bir sekilde yonetilmesine katki saglayarak, genel maliyetleri
minimize etme ve operasyonel verimliligi artirma hedefine yonelik 6nemli bir rol oynamaktadir.
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Sekil 3. U-tipi hat stratejisi i¢in optimal yerlesim diizeni

TARTISMA VE SONUCLAR (DISCUSSION AND CONCLUSIONS)

Bu calisma, iiretim lojistiginde dnemli bir rol oynayan i¢ lojistik siireglerinde, 6zellikle tesis
ici lojistigin temel unsurlarindan biri olan depolama tesislerinin yapilandirilmasi ve malzeme tasima
yontemlerinin se¢imi konularinda bir model sunmayir amacglamigtir. Caligma, silipermarketler igin
optimal konumlarin ve biiytikliiklerin belirlenmesi ve malzeme tasima aragclari ile ilgili kararlar tizerinde
odaklanarak en uygun hat yerlesim tiirlinii belirlemeyi hedeflemistir.

Matematiksel modelin uygulanmasiyla, 6zellikle otomotiv iiretim hattinda gerceklestirilen bir
ornek uygulama tizerinden elde edilen bulgularla 6nerilen yaklasimin basarisi test edilmistir. Uygulama
sonuglarina gore, farkli hat yerlesim stratejileri (I-tipi, L-tipi, U-tipi ve S-tipi) incelenerek, toplam tagima
ve yatirim maliyetlerini en aza indirmeyi, tesis alan1 kullanimini optimize etmeyi ve genel verimliligi
artirmay1 hedefleyen en uygun hat yerlesim tiirii belirlenmistir. Ozellikle U-tipi hat yerlesim stratejisinin
en uygun oldugu belirlenmis, bu stratejiyle elde edilen optimal yerlesim diizeni, toplam tasima
maliyetleri, ara¢ tedarik maliyetleri ve kurulum maliyetleri agisindan en diisiik maliyetli ve en verimli
segenek olarak ortaya ¢ikmigtir. Sonuglar, siipermarketlerin optimal konumlarinin ve biiyiikliiklerinin
belirlenmesi, tagima araglarinin tiirii ve sayisinin optimize edilmesi konularinin, tesis i¢i lojistikte genel
operasyonel verimliligi etkileyen kritik unsurlar oldugunu gostermektedir. Bu baglamda, elde edilen
sonugclar, liretim tesislerinin i¢ lojistik siireglerini daha etkin bir sekilde yonetmek, maliyetleri minimize
etmek ve operasyonel verimliligi artirmak isteyen igletmelere degerli bir rehberlik saglamaktadir.

Gelecekteki ¢alismalarda, artan problem boyutlariyla ugrasirken daha etkili ¢6ziimler elde
etmek icin sezgisel bir yaklasim [20,21] gelistirilebilir. Onerilen model, siipermarketlerin konumlari
belirlenirken merkezi depolama alanlarinin yeri ve biiyiikliigii ile ilgili kararlar dikkate almarak
genisletilebilir. Ayrica model, hat dengeleme, tedarik zinciri ag1 tasarimi gibi diger ilgili problemlerle
de biitlinlesik hale getirilebilir.
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Bu ¢alismada Np-zor problem smifindan olan P-Medyan problemi Gri Kurt Optimizasyon (GKO) algoritmasi ile
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ABSTRACT

In this study, the P-Median problem, which is in the Np-hard problem class, is tried to be solved with
the Gray Wolf Optimization (GWO) algorithm. Since the GWO algorithm is proposed for continuous
search space, it is not possible to directly apply this algorithm to the P-Median problem, which has a
combinatorial structure. For this reason, the GWO algorithm needs to be adapted to operate in the
discrete search space. In this process, inspired by the search strategy of the Differential Evolution
Algorithm, the crossover technique was used together with the GWO algorithm. First, the uniform
crossover technique was utilized in the study. Then, taking into account the parameter in the GWO
algorithm, which varies depending on the iteration, a crossover technique called adaptive uniform
crossover was created. This proposed algorithm is tested on 40 P-Median problems. When the solutions
obtained are compared, it is seen that the adaptive crossover technique gives better results than the
uniform crossover technique in all 40 problems. In addition, in order to compare the results obtained
using the two crossover techniques numerically, the improvement ratio between the solutions was
analyzed. The obtained ratios show that in all 40 problems, the adaptive uniform crossover technique
significantly improves the solutions obtained with the uniform crossover technique.
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Gri kurt optimizasyon algoritmasinin P-medyan problemlerine uygulanmasi

GiRiS (INTRODUCTION)

Son yillarda bir¢ok miihendislik problemi optimizasyon [1], regresyon [2], derin 6grenme
[3], yapay sinir aglar1 vb. gibi teknikler ile ele alinmaktadir. Coziimii polinomsal zamanda
dogrulanamayan problemler sinifi NP-zor olarak adlandirilmaktadir [4]. Bu problemlere 6rnek
olarak sirt ¢antasi problemi, 8 vezir problemi, cizelgeleme problemi, gezgin satici problemi,
kapasiteli veya kapasitesiz tesis yerlestirme problemi verilebilir. Analitik olarak ¢oziilemeyen veya
¢Oziimii cok maliyetli olan bu problemleri ¢6zmek i¢in meta-sezgisel algoritmalar kullanilmaktadir.
Bu algoritmalardan bazilar1 Pargacik Siirli Optimizasyon algoritmasi [5], Yapay Art Kolonisi
Algoritmasi [6], Aga¢c Tohum Algoritmasi [7], Balina Optimizasyon algoritmasidir [8].

Globallesen ve tiiketimin siirekli arttig1 giiniimiizde tesis yeri se¢imi énemli bir konudur.
Tedarik zincirinde firma ve misteriler arasindaki iligkide misterileri memnun etmek ve diisiik
maliyette hizmet verebilmek iki taraf agisindan istenen bir durumdur. Tesislerdeki iiriinlerin
miisterilere en kisa yoldan, en uygun sekilde ulastirilmasi ve toplam maliyetin minimum olmasi
hedeflenmektedir. Bu hedefler dogrultusunda ortaya ¢ikan kombinatoryal ve NP-zor problemlerden
biri P-Medyan problemidir. P-Medyan problemi n adet diigiimden olusan bélgeye p adet tesisin
yerlestirilmesi problemidir. Burada amag¢ bu yerlestirmenin minimum maliyet olacak sekilde
yapilmas1 ve hangi talep noktasinin hangi tesisten hizmet alacaginin belirlenmesidir. Minimum
maliyet problemin amacina gore para, zaman, toplam mesafe olarak belirlenmektedir. P-Medyan
problemlerine 6rnek olarak Kapasiteli Tesis Yeri Problemleri, Kapasitesiz Tesis Yeri Problemleri,
Depo Yeri Belirleme Problemleri verilebilir.

P-Medyan problemi hakkinda literatiirde birgok arastirma bulunmaktadir. P-Medyan
probleminin amag fonksiyonu ve kisitlar1 M. Basti tarafindan [9] ¢caligmasinda agiklanmistir. Kii¢iik
boyutlu bir problem iizerinden amag fonksiyonunun uygulanisi somut olarak anlatilmistir. Ayrica
P-Medyan test problemlerinin hangi ¢calismalarda kullanildigina deginilmistir. P-Medyan problemi
OR-Kiitiiphanesi veri setleri i¢in Diferansiyel Evrim (DE) Algoritmasi, Parcacik Siirii
Optimizasyonu (PSO) Algoritmasi, Yapay Art Kolonisi Algoritmasi ile ¢6ziilmiis ve sonuglar
karsilagtirilmistir [10]. Tesis yeri belirleme problemlerine benzer olan Depo Yeri Belirleme
Problemi Karma Tam Sayili Dogrusal Programlama (Mixed-integer linear programming) olarak
modellenmistir [11]. Bu model kiigiik boyutlu veri seti i¢in agirlikli K-Ortalama (K-Means)
algoritmasi ve orta boyutlu veri seti i¢in (240’dan 399’a kadar) ¢oziilmiistiir. Karma tam sayili
dogrusal programlama tabanli dinamik iteratif kismi optimizasyon algoritmasi diizelt ve optimize
et (fix and optimize) sezgiselinin dinamik, tekrarlt kismi optimizasyon olarak dizayn edilmesidir.
Veri setleri “Clustering Basic Benchmark” sayfasindan alinmis ve CPLEX ile optimum sonuglar
elde edilmistir. Algoritmanin biiyiik boyutlu veri setleri i¢in optimal ¢oziim verecegi garanti
edilmemistir. F. B. Ozsoydan ve T. Sarag, Kapasitesiz Depo Yeri Belirleme Problemine Ayrik
Parcacik Siirti Optimizasyonu algoritmasini uygulamistir [ 12]. Kapasitesiz Tesis Yeri Problemi igin
Ayrik Pargacik Siirii Optimizasyonu (APSO) ve Siirekli Pargacik Siirii Optimizasyonu (SPSO)
Yerel Arama (Y A) algoritmasi ile birlestirilerek APSOYA ve SPSOY A algoritmalar tiiretilmistir
[13]. APSOYA ve SPSOYA algoritmalart APSO, SPSO, Genetik, Evrimsel Benzetimli Tavlama
(Evolutionary  Simulated Annealing- ESA) algoritmalar1 ile karsilastirilmistir.  OR-
Kiitiiphanesinden alan 15 veri setinin 12’°si i¢in APSOY A algoritmasinin diger 3 algoritmadan
daha optimum sonuglar verdigi goriilmiistiir. N. Ozcakar ve M. Bast1 P-Medyan problemi i¢cin PSO
algoritmasim kullanmistir [14]. OR-Kiitiiphanesinden alinan 40 problem veri seti i¢in minimum
hata ol¢iitiine gore 28’inde optimum sonug elde edilmistir. Galvao Problem Seti i¢in minimum hata
oranlan dikkate alindiginda 16 problemden 4’linde optimum degere ulasilmistir. Kapasitesiz Tesis
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Yeri Problemleri Karinca Kolonisi Optimizasyonu (KKO) algoritmasi ile ¢éziilmeye calisilmistir
[15]. OR-Kiitiiphanesinden alinan ve daha 6nce PSO ile ¢oziilmiis olan 12 probleme KKO
algoritmasi uygulanmis ve sonuclar karsilastirilmistir. Sonuglarin hemen hemen ayni oldugu ancak
KKO algoritmas1 iizerinde degisiklikler yapilirsa daha etkili sonuglar alinabilecegi kanaatine
varilmistir. Kapasitesiz Depo Yeri Belirleme problemi ikili Sosyal Oriimcek Algoritmasi (ISOA)
ile ¢oziilmiistiir [16]. ISOA metodu Sosyal Oriimcek Algoritmasinin Sabit Arama Uzayindan Ikili
Arama Uzayma 4 fonksiyon araciligiyla tasinmasina dayanir. Bu c¢alismada M* veri setleri
kullanilmistir. Sonuglar Yerel Arama (YA), Tabu Arama (TA), Gelistirilmis Dagilim Aramasi
(GDA) ile karsilasgtirilmistir. Giive Alev algoritmasinin ikili versiyonu transfer fonksiyonlari
yardimiyla elde edilmis ve bu algoritma Kapasitesiz Tesis Yeri problemlerine uygulanmistir [17].

Literatiirde P-Medyan problemlerinin Gri Kurt Optimizasyon (GKO) algoritmasiyla kayda
deger ¢oziimiine rastlanmamaktadir. Bu algoritma siirekli problemlere ¢6zmek ig¢in Onerilmistir.
Bu nedenle ayrik problemlerin ¢dziimiinde kullanmak icin Oncelikle ikili versiyonunun
diizenlenmesi gerekmektedir.

MATERYAL VE METOD (MATERIALS AND METHODS)
P-Medyan Problemleri (P-Median Problems)

P-Medyan problemi ilk olarak Hakimi tarafindan modellenmistir [ 18]. NP-zor sinifindan oldugu
kanitlanan P-Medyan probleminde n adet diiglimden olusan bdlgeye p adet tesisin yerlestirilmesi
istenmektedir [19]. Burada amag bu yerlestirmenin minimum maliyet olacak sekilde yapilmasi ve hangi
talep noktasimnin hangi tesisten hizmet alacaginin belirlenmesidir. Kombinatoryal yapiya sahip bu
problemin matematiksel modeli agagidaki gibidir:

Amag fonksiyonu.
min Yi-1 Xj=1 WidijXij (1)
Kisitlar:

i,j =1,2,..,n olmak iizere

Tixi=1, Vi ()
xij<yj, Vij (3)

j=1¥j =P (4)
xij, ¥j € {0,1} Q)
Karar degiskenleri:

1, eger i musterisi j tesisine atanmis ise
Xij = .
Y 0, diger durum

y; = {1, eger jnoktasinda bir tesis agilmis ise
J

- 0, diger durum
Burada;

n = toplam talep noktasi sayisi

w; = i noktasindaki talep

d;j = i noktast ile j noktas: arasindaki en kisa mesafe
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p = yerlestirilecek olan hizmet verecek tesis (medyan) sayisidir.

Bu ¢alismada kullanilacak olan problemler OR-Kiitiiphanesinden alinan 40 adet P-Medyan
test verisinden olusmaktadir (http://people.brunel.ac.uk/~mastjjb/jeb/orlib/pmedinfo.html). Test
verilerinde de bahsedildigi gibi test verilerinin mesafe matrisleri Floyd’un algoritmasi ile
diizenlenmistir. Bu algoritma yonlendirilmis bir grafikteki her bir kose cifti i¢in en kisa yollar1
kesfetmek icin kullanilan temel bir algoritmadir [20]. Tablo 1°de 40 test verisinin optimal sonuglari,
toplam diigiim sayilar1 ve agilacak P adet tesis sayisi gosterilmistir.

Tablo 1. P-Medyan test problemleri

Problem Optimal Diigiim Sayisi P Sayisi
pmedl 5819 5
pmed2 4093 100 10
pmed3 4250 10
pmed4 3034 20
pmed5 1355 33
pmed6 7824 5
pmed? 5631 200 10
pmed8 4445 20
pmed9 2734 40
pmed10 1255 67
pmedll 7696 5
pmed12 6634 300 10
pmedl13 4374 30
pmedl14 2968 60
pmed15 1729 100
pmed16 8162 5
pmed17 6999 400 10
pmed18 4809 40
pmed19 2845 80
pmed20 1789 133
pmed21 9138 5
pmed22 8579 500 10
pmed23 4619 50
pmed24 2961 100
pmed25 1828 167
pmed26 9917 5
pmed27 8307 500 10
pmed28 4498 60
pmed29 3033 120
pmed30 1989 200
pmed31 10086 5
pmed32 9297 200 10
pmed33 4700 70
pmed34 3013 140
pmed35 10400 5
pmed36 9934 800 10
pmed37 5057 80
pmed38 11060 5
pmed39 9423 900 10
pmed40 5128 90

Gri Kurt Optimizasyon Algoritmasi (Grey Wolf Optimization Algorithm)

Gri Kurt Optimizasyon (GKO) algoritmas1 2014 yilinda onerilmistir. Popiilasyon tabanli
olan bu algoritma gri kurtlarin avlanma esnasinda gerceklestirdikleri toplu davraniglardan
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esinlenerek bu davraniglarin matematiksel modellemesine dayanmaktadir [21]. Kurt siiriisiinde gri
kurtlar alfa (), beta (B), delta (6) ve omega (w) olarak gruplandirilir ve bu kurtlar arasinda
hiyerarsi vardir. Alfa kurt grubu, lider bir tiirdiir ve digerleri onun kurallarina uyar. Beta kurdu ise
lider yardimcisidir ve alinan kararlarda alfaya yardimei olur. Hiyerarsi piramidinde betadan sonra
delta gelir. Delta kurt grubu boélgenin sinirlarini gézetleyen izciler, siiriiniin giivenligini saglayan
gozciiler, 6nceden alfa ya da betaya olan tecriibeli yaslilar, avlanmada yardime1 olan avcilar, hasta
ve yarali kurtlara bakan bekgilerden olusmaktadir. Siiriideki i¢ c¢atigsmalar1 Onleyen hiyerarsi
piramidinin en alt basamaginda bulunan kurt grubu omegadir. GKO algoritmasi avini arama,
¢evreleme, saldirma ve avlama agsamalarindan olusmaktadir [21].

Gri Kurt Algoritmasinin Asamalari

1. Avt Cevreleme (Encircling Prey): Gri kurdun avini ¢evrelemesi matematiksel olarak
asagidaki gibi modellenmektedir:

D =|C.X,(t) - X(t)| (6)

—

X(t+1)=|X,(t) - A.D| (7)

Burada mevcut iterasyon t, avin konum vektori XT,, bir gri kurdun konumu X ile

gosterilmistir. Ave C katsay1 vektorleri

-

A=2dr—d (8)

(=27 9

seklinde hesaplanmaktadir. Burada d iterasyon boyunca lineer olarak 2’den 0’a kadar
azalmaktadir ve 77, 7, ise [0,1] araliginda rastgele vektorlerdir. Sekil 1°de gosterildigi gibi gri
kurdun 2D ve 3D uzayindaki noktalardan herhangi birine ulagmasi miimkiindiir ve bu konumu
denklem (6) ve (7)’ye gore ayarlayabilir. Bu uzaylar genisletilerek n boyuta tasinirsa gri kurtlarin
bulunabilecek en iyi ¢dziim etrafinda hareket etmesi saglanmis olur [21].

- XX > XYz a%Y2) (XY.2)
& iy A&
X*-XY) ” x+y ~ Xy x-XY.Z* / (X*Y,Z% / X.Y.z% /
o N Pt i A
/ \ oy Ak A
X*-XY,Z*2) / (X122 (X ):2'-% xy.2)
Yo 3 =0t et
o § > w s
7

i \
/ ) i
. v Ve e aelh 4
ERETY ) ﬂ A*XY.2*2) | . o rezez) | e xrzegd / XY-¥.2)
| ¢ P v 1A -~
t 1 | @ry A P A 7~ Ny
1 ‘.‘\
¥
Pk R )
v

] of ot A
. Arey > xxr.vzz9h - @x~y*-r.z*2) xrrz%7
X XYY i . xy-y @)

(a)

Sekil 1. 2D ve 3D uzayinda gri kurtlarin konum vektorleri ve muhtemel sonraki konumlar: [21]

2. Avlama (Hunting): Gri kurtlar avlanirken beta ve delta kurtlar1 da bazen avlanmada
bulunabilir. Ancak genellikle avlama alfanin onderliginde gergeklesir. Bu durumu matematiksel
olarak modelleyebilmek i¢in avin konumunu bulurken alfa, beta ve deltanin diger kurtlardan daha
iyi ¢ozlimler oldugu kabul edilir. Bu sebeple, elde edilen ilk ii¢ en iyi ¢6ziim kaydedilir ve diger
kurtlarin pozisyonlar1 bu ii¢ kurdun konumlarina goére giincellenir. Bu asamada (10)-(12)
denklemleri kullanilmaktadir [21].
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Dy =C; . X4 —X|, Dg = |C, .Xg — X|, D5 = |C5.X5 — X| (10)
X, =Xy —A1.(Dg).X; =Xg — A3.(Dg), X3 = X5 — A3.( Ds) (11)
X(t+1) = arts (12)

3
3. Ava Saldirma (Attacking Prey)

Gri kurtlarin avlamalar1 ava saldirarak sona erer. Bu yaklasimin matematiksel olarak
modellenmesinde d degeri iterasyon boyunca 2’den 0’a dogru azalmaktadir. Dolayisiyla (8)
denklemindeki A nin degerlerdeki dalgalanma azaltilmig olur. A, [-1,1] araliginda rastgele deger
aldiginda arama kurdunun bir sonraki konumu mevcut konumu ile avinin konumu arasinda bir

yerde olur. Yani |A|<1 olmasi saldirma isleminin gergeklestigini gdsterir.

4. Arama (Search for Prey)

Anin alabilecegi degerler icin |/T | >1 sart1 sagladiginda gri kurtlar birbirlerinden uzaklasir,
farkli yerlere yonelerek av aramaya devam eder. Bu durum gri kurdun avindan uzaklagsmasini ve
daha iyi bir av aramasini saglar. Boylece GKO algoritmasinin global aragtirma yetenegi gelisir.
Sekil 2’de GKO algoritmasinin akig diyagrami verilmistir.

Gri Kurt Popiilasyonunun ilk atamasini yap X; = (1,2,...,n), a, A, C parametrelerini ata
Her bir ajanin uygunluk degerini hesapla
Xa» Xp Ve X5 degerlerini bul
X, = Popiilasyondaki en iyi konuma sahip ajan
Xp = Popiilasyondaki en iyi ikinci konuma sahip ajan
Xs = Popiilasyondaki en iyi li¢iincii konuma sahip ajan
while (t< Maksimum iterasyon sayisi)
for Her bir ajan
Mevcut arama ajanlarin konumlarin1 Denklem (12) ile giincelle.
end for
a, A ve C parametlerini giincelle
Her bir ajanin uygunluk degerini hesapla
Xq, Xg Ve X5 parametlerini giincelle
t=1t+1
end while
return X,

Sekil 2. Gri kurt optimizasyon algoritmasinin akig diyagrami [21]
Uygulama (Application )

P-Medyan problemleri kombinatoryal oldugu i¢in ayrik arama uzayinda yer almaktadir.
GKO algoritmasi ise siirekli bir yapiya sahiptir. Gri kurt algoritmasinda Sekil 2°deki akis semasinda
goruldiigt gibi gri kurtlarin pozisyonlar1 atandiktan sonra en iyi 3 pozisyona sahip kurtlar a, 8, w
kurtlar1 olarak adlandirilmaktadir. Bu li¢ kurdun pozisyonu kullanilarak popiilasyondaki diger
kurtlarin konumlar1 (10)-(12) denklemleri yardimiyla lineer olarak giincellenmektedir. P-Medyan
problemini ¢ézmek icin bu lineer giincelleme kisminda pozisyon iyilestirmesi ig¢in Diferansiyel
Evrim algoritmasinin arama stratejisinden esinlenilerek caprazlama teknikleri kullanilmustir.
Caprazlama teknigi olarak tek nokta, iki nokta, tekdiize (uniform) caprazlama gibi birgok farklh
caprazlama teknikleri bulunmaktadir. Bu ¢alismada rastgele iiretilen sayilara gore bireyin rastgele
genlerinde degisime sebep olacagi icin tekdiize ¢aprazlama kullanilmistir.

Tekdiize (Uniform) Caprazlama: Tekdize ¢aprazlama tekniginde segilen bireyler igin
boyut kadar rassal sayi iiretilir. Eger rassal iiretilen say1r 0.5’den biiyiikk veya esitse bireyl ve
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birey2’nin genleri yer degistirir. Eger kii¢iik ise degisim olmaz.
Rassal sayilar: 0.2 0.8 0.1 0.3 0.6
Bireyl: 2 7 | 55| 34 | 42 Cocukl: | 2 |74 55| 34 | 4

Birey2: 85 | 74 | 11 | 32 | 4 ' Cocuk2: | 85| 7 |11 | 32 |42

Sekil 3. Tekdiize caprazlama ile elde edilen bireyler

Calismamizda «, 5, w kurtlarinin pozisyonlar1 birbiriyle 2 kez tekdiize ¢caprazlamaya tabi
tutulmustur. Elde edilen pozisyon mevcut gri kurt pozisyonuyla tekrar tekdiize ¢aprazlanmstir.
Bulunan yeni pozisyon mevcut pozisyondan daha iyi uygunluk degerine sahip ise mevcut ¢éziim
yerine alinmistir. Sekil 4’de yapilan ¢aprazlamalar sematik olarak gosterilmistir. Burada rand (),
[0,1] araliginda olusturulan rassal sayilardir.

a: 3 13 25 5 88 rand() <
0.5
0.8 0.4 0.2 0.7 0.3
rand()
: d .
p S 29 57 63 60 rand() larabireyl 9 13 25 63 88
=05
rand() < 0.5
A v y
w 23 3 16 64 99 14
0.6 0.3 0.7 0.9 04
rand() rand()
=05
arabirey?2 23 13 16 64 88
rand() < 0.5
mevcut: 56 54 67 80 46 rand()
=05

\rand() 07 |01 |06 |09 |02

lyenibirey 56 13 67 80 88

SeKkil 4. Tekdiize ¢capraziama ile yeni bireyin elde edilmesi

Tekdiize c¢aprazlama ile GKO algoritmasinin basarisim  test etmek i¢in OR-
Kiitiiphanesinden 40 adet P-Medyan test verisi alinmistir. Tablo 1°de verilen test problemlerinin
her biri 30 tekrarl1 1000 iterasyon sayisina gore MATLAB programlama dilinde ¢alistirilmistir.

40 P-Medyan problemi icin elde edilen sonuglarin ortalamasi, GAP degerleri (13)-(14)
denklemleri ile hesaplanmistir.

n: ortalamast alinacak sayi adeti, x: ortalamast alinacak sayilar
GAp = 2t=opimal 109 (14)
optimal

optimal: problemin optimal degeri
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Tekdiize caprazlama ile GKO algoritmas1 sonuglar1 Tablo 2’de verilmistir. Tekdiize
caprazlama tekniginde caprazlama orami sabit (0.5) olarak alinmaktadir. Boylece iki birey
caprazlanirken gen aligveris ihtimali %50°dir. Caprazlama oraninin yiiksek olmasi 2. bireyden daha
az gen almayi, diisiik olmasi ise 2. bireyden daha fazla gen almaya sebep olur. Gri kurt
algoritmasinin (8) esitliginde A = 2d.7; — @ ifadesindeki @ ava yaklastikca iterasyona bagli olarak
degismektedir. @ iterasyon boyunca lineer olarak 2’den 0’a kadar azalmaktadir. Bu degisimi
¢aprazlama teknigine yansitmak igin tekdiize caprazlamada ¢aprazlama orani 0.5 yerine d degerine
bagl olarak 0.25a olarak yazilmistir. Elde edilen parametreye bagl ¢aprazlama teknigi adaptif
tekdilize caprazlama olarak adlandirilmistir. Adaptif tekdiize caprazlama teknigi ile GKO
algoritmasi yardimiyla 40 P-Medyan problemi i¢in elde edilen sonuclar Tablo 2’ de verilmistir.
Tekdiize caprazlama teknigi kullanilarak elde edilen GAP degerleri ile adaptif tekdiize caprazlama
teknigi ile bulunan GAP degerlerinin iligkisini karsilastirmak i¢in Tablo 2’nin son siitununa
iyilestirme oranlar1 eklenmistir. Bu degerler

GAPtekdﬁze_GAPadaptif tekdiize (15)

iyilestirme orant =
GAPtekdiize
orani ile hesaplanmuistir.

Tablo 2. Tekdiize ¢caprazlama ve adaptif tekdiize ¢caprazlama teknigi ile GKO algoritmast sonuglart

PROBLEM  OPTiMAL TEKDUZE CAPRAZLAMA iLE GKO  ADAPTIF TEKDUZE CAPRAZLAMA iLE GKO iYiLESME

ORTALAMA GAP ORTALAMA GAP ORANI
pmedl 5819 5833.7 0.2520 5822.5 0.0601 0.76
pmed2 4093 4124.6 0.7729 4111 0.4320 0.44
pmed3 4250 4294.9 1.0573 4259 0.2160 0.80
pmed4 3034 3119.7 2.8269 3075 1.3600 0.52
pmed5 1355 1404 3.6359 1383.7 2.1200 0.42
pmed6 7824 7861 0.4776 7842.5 0.2360 0.51
pmed? 5631 5752.9 2.1654 5677.7 0.8310 0.62
pmed8 4445 4634 4.2557 4544 2.2400 0.47
pmed9 2734 2884 5.5023 2832.7 3.6100 0.34
pmed10 1255 1364.87 8.7543 1327 5.7600 0.34
pmed11 7696 7774.6 1.0209 7718.8 0.2960 0.71
pmed12 6634 6762.7 1.9410 6701.6 1.0200 0.47
pmed13 4374 4601.7 5.2065 4537.8 3.7400 0.28
pmed14 2968 3179.2 7.1170 3125.9 5.3200 0.25
pmed15 1729 1903 10.0906 1855.2 7.3000 0.28
pmed16 8162 8226.3 0.7878 8210.8 0.5980 0.24
pmed17 6999 7186 2.6737 7103 1.4900 0.44
pmed18 4809 5052 5.0523 4987.7 3.7200 0.26
pmed19 2845 3097 8.8530 3028.7 6.4600 0.27
pmed20 1789 2041 14.0898 1963 9.7200 0.31
pmed21 9138 9341.4 2.2262 9261 1.3500 0.39
pmed22 8579 8797 2.5450 8731 1.7700 0.30
pmed23 4619 4921 6.5303 4854 5.0800 0.22
pmed24 2961 3257.9 10.0270 3175.4 7.2400 0.28
pmed25 1828 2155.3 17.9048 2039.8 11.6000 0.35
pmed26 9917 10079 1.6352 10014 0.9800 0.40
pmed27 8307 8502 2.3562 8454 1.7700 0.25
pmed28 4498 4827.1 7.3166 4736 5.3000 0.28
pmed29 3033 3374 11.2419 3281 8.1900 0.27
pmed30 1989 2604 30.9469 2250.2 13.1000 0.58
pmed31 10086 10264.9 1.7737 10160 0.7360 0.59
pmed32 9297 9597 3.2254 9480 1.9700 0.39
pmed33 4700 5066.5 7.7979 4981.5 5.9900 0.23
pmed34 3013 3382.9 12.2768 3291 9.2400 0.25
pmed35 10400 10609 2.0096 10557 1.5100 0.25
pmed36 9934 10221 2.8918 10108 1.7500 0.39
pmed37 5057 5489 8.5373 5371 6.2200 0.27
pmed38 11060 11236.2 1.5931 11178.8 1.0700 0.33
pmed39 9423 9735 3.3139 9598.3 1.8600 0.44
pmed40 5128 5578 8.7858 5472 6.7100 0.24
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BULGULAR (RESULTS)

40 P-Medyan problemi tekdiize ¢aprazlama teknigi ve parametreye bagh adaptif tekdiize
caprazlama tekniginin GKO algoritmasi ile birlikte kullanilmasiyla 30 tekrarli 1000 iterasyon igin
cozlilmeye calisilmistir. Elde edilen sonuglarin ortalama degeri ve optimal ¢dziimle arasindaki yakinlig
gosteren GAP degerleri Tablo 2°de verilmistir. Elde edilen sonuglara gore 40 test probleminin 40’1nda
da parametreye bagl adaptif tekdiize caprazlama tekniginin tekdiize ¢aprazlama tekniginden daha iyi
sonuglar verdigi, optimal degere daha yakin degerler buldugu goriilmiistiir.

40 problemin tiimiinde adaptif tekdiize ¢aprazlama tekniginin etkili olmasindan dolay1 Friedman
siralama testinde adaptif tekdiize ¢aprazlama teknigi ile GKO algoritmasi basari siralamasinda birinci
sirada yer alirken tekdiize caprazlama teknigi ile GKO algoritmasi ikinci sirada yer almaktadir. Iki
teknigi farkli acidan karsilastirmak icin (15) denklemi kullanilarak iyilestirme oranlarina bakilmistir.
Boylece tekdiize c¢aprazlama teknigi yardimiyla elde edilen GAP degerlerinin adaptif tekdiize
caprazlama teknigi kullanildiginda hangi oranda iyilestigi gozlemlenmistir. Genel olarak diistik diigiim
sayisina sahip problemlerde daha yiiksek iyilestirme orani oldugu, diiglim sayisi yiiksek oldugunda daha
diisiik iyilestirme oldugu goriilmiistiir. Elde edilen sonuglara gore en diisiik iyilestirme orani pmed23
probleminde %22, en yiiksek iyilestirme oran1 pmed3 probleminde %80, ortalama iyilestirme orani ise
%39 olarak hesaplanmistir. Boylece iterasyon boyunca dinamik olarak degisen gaprazlama oraninin
daha etkili ¢oziimler tirettigi soylenebilir.

TARTISMA VE SONUCLAR (DISCUSSION AND CONCLUSIONS)

Bu ¢alismada GKO algoritmasina ¢aprazlama teknikleri uygulanarak P-Medyan problemleri
¢oziilmeye calisildi. ik olarak ¢aprazlama teknigi olarak tekdiize ¢aprazlama teknigi kullanildi. Bu
teknikte 0.5 ¢aprazlama oranma gore iki birey arasinda gen aligverisi yapilmaktadir. Caprazlama
oraninin 0.5’den yiiksek olmasi ilk bireyden daha fazla genin yeni bireye aktarilmasi anlamina
gelmektedir. Tekdiize ¢aprazlama teknigi yardimiyla GKO algoritmasi 40 adet P-Medyan test
problemlerine uygulandi, 30 tekrarli olarak elde edilen ¢oziimlerin ortalamasi, optimum c¢dziimle
arasindaki GAP degerleri tablo haline getirildi. Daha sonra GKO algoritmasindaki (8) denkleminden
esinlenilerek yeni bir ¢aprazlama teknigi olusturuldu. Bu denklem sayesinde iterasyon ilerledikg¢e ajan
kurtlar ava yaklagmaktadir. Bu dinamik yapiy1 ¢aprazlama teknigine tasimak igin ¢aprazlama orani 0.5
yerine d parametresine bagl olarak yazildi. Elde edilen yeni adaptif tekdiize ¢aprazlama teknigi 40 P-
Medyan test problemine uyguland. Iki ¢aprazlama teknigi karsilastirildiginda parametreye bagl adaptif
tekdiize caprazlama tekniginin 40 P-Medyan problemin tiimiinde daha basarili sonuglar verdigi goriildi.

Karsilagtirmanin istatiksel olarak olgiilmesi i¢in iki teknigin kullanilmasi ile bulunan GAP
degerleri arasindaki iyilestirme oranlarina bakildi. Bu oranlar adaptif tekdiize ¢aprazlama tekniginin 40
problemin tamaminda iyilestirme sagladigini gosterdi.

Bu c¢alisma sonucunda siirekli problemler i¢in 6nerilen GKO algoritmasi ayrik arama uzayia
sahip P-Medyan problemlerine uygulandi. GKO algoritmasini ikili arama uzayina adapte etmek igin
tekdiize ¢aprazlama teknigi kullanildi ve bu teknikte sabit bir degere gore caprazlama yapmak yerine
iterasyon sayisina gore dinamik olarak giincellenen caprazlama oranin kullanilmasinin daha etkili
sonuglar verdigi gorildii.
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ABSTRACT

Soil stabilization with different additives has attracted the attention of geotechnical engineers
for many years. With soil stabilization, the bearing capacity of weak soil is increased, total
settlements are reduced, the stability of fills and slopes is ensured, retaining walls are supported
and potential liquefaction risks are reduced. One of these methods is the improvement of soils
with additives. Polypropylene fiber was used for stabilization purposes within the scope of
evaluation of waste material in the experimental program. 0%, 0.1%, 0.5%, 1.0%, 1.5%
polypropylene fiber was added to low and high plasticity clay soil. In the study, hydrometer
test, specific gravity test, Atterberg limits, Standard proctor test and uniaxial compressive
strength test were performed. Adding fiber to the clay soil, designated as CL and CH according
to the unified soil classification system, caused an increase in the strength values at the end of
different curing periods.
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The influence of polypropylene fiber on high and low plasticity clay

INTRODUCTION

Today, due to the rapidly increasing construction and decreasing suitable soils for construction,
it becomes necessary to build structures on almost all kinds of soils. Especially in transportation and
road structures, many weak and problematic soils are sometimes encountered. Changing the
construction site or using resistant soils are not a suitable solution due to the technological and economic
reasons. On the other hand, increasing industrial wastes cause environmental pollution and the problem
of eliminating these wastes is a common problem for all countries. These materials can be building
materials such as lime [1], cement [2] and artificial polymers, or fly ash [3], marble dust [4] metal slag,
used car tires, which are formed as industrial waste [5-6]. In recent years, the wastes have been used as
an alternative additive material in the improvement of soils and it is a more economical solution to
improve the properties of problematic soils. One of these soil improvements is the use of polypropylene
[7-15]. Sengul et al., had studied the effect of polypropylene fiber on the properties of high clay soils
[16]. They added 0.5% fiber to the soil and fiber additives were determined to increase the shear strength
at ratios ranging from 3.0% to 21.0%. Komal et al., had investigated the polypropylene and nylon fiber
in the soil mixture having silt [17]. Laboratory results have shown that polypropylene and nylon fiber
changed the strength positively. Suriya et al., had conducted a study about the performance of the red
soil before and after adding polypropylene [18]. They used different percentages of polypropylene (1%,
2%, 3%). The results showed that reinforcing of polypropylene fiber increased the properties of red soil.
Cetin and Cetinkaya had studied about the stabilization of clay soils with fiber. In their studies, they
reached the highest strength in clay soil with 1% fiber [19, 20].

In the present study, geotechnical properties of clayey soils amended with polypropylene fiber
were determined. The novel approach of study is specifying the stabilization effect of fiber considering
the clay consistency.

MATERIALS AND METHODS

Two types of clay soils were used in the studies (Fig. 1 and 2). The green clay soil was taken
from the land surface in Sarihidir Village of Urgiip District of Nevsehir Province. Urgiip clay is
classified as high plasticity clay according to USCS (ASTM D2487-17el, 2020) and clay consistency
since liquid limit is 97.60% and plastic limit is 31.20% [21]. The second type of clay soil in red color
was taken from Avanos District of Nevsehir Province. Avanos clay is classified as low plasticity clay
since liquid limit is 46.80% and plastic limit is 23.80%. The samples were brought to Konya Necmettin
Erbakan University Engineering Faculty Civil Engineering Department Soil Mechanics Laboratory. The
sieve analysis was performed according to (ASTM D6913/D6913M-17 2021), and hydrometer analysis
was performed according to (ASTM D7928-21el, 2021) [22, 23]. The results are shown in Figure 3.
Atterberg limits of soils were determined according to ASTM D4318 (2018) [24]. The specific gravity
of clays was determined following the ASTM D854-14 (2016) standard [25]. The soil specific gravity
of CL soil was determined as 2.61, However the specific gravity of CH soil was determined as 2.65.

The polypropylene fiber used in the experimental studies was obtained from a company in
Turkey (Figure 4). The polypropylene fiber is a waste material of factories. The technical properties of
the polypropylene fiber used in the experiments are given in Table 1. In order to prepare the mixtures
with optimum water content, polypropylene amounts were mixed on the clay soil and compressed in a
standard proctor mold. Cylindrical samples were taken from the compressed soil for the unconfined
pressure test. For sampling, cylindrical metal tubes with a diameter of 38 mm and a height of 76 mm
were driven into the compacted soil (Figure 5). The inside of the cylinder tubes is lubricated with grease.
The soil samples taken into the tubes were carefully removed with the help of a hydraulic jack. The
extracted samples were bagged without waiting and placed in plastic containers with 1 - 2 cm high water
at the bottom, and the plastic containers were covered. The compaction tests were performed according
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to (ASTM D698-12, 2021) [26]. In this test, the soil is compressed in a standard molt in 3 layers with
25 hits with a 2.5 kg hammer falling from 30.5 mm. In the unconfined pressure test, the cylindrical soil
sample was subjected to only vertical pressure stress without being subjected to any lateral pressure.
Loading was done by placing the soil sample between the plates. The samples were cured for 7 and 28
days. The unconfined compression tests were carried out on the samples removed from the cure
according to ASTM D2166 [27] (Figure 6).

Figure 1. CL soil
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Figure 3. The grain size distribution of the soils

Figure 4. The polypropylene fiber
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Table 1. Technical characteristics of polypropylene fiber

Chemical structure 100% polypropylene

Packaging In 0.6 kg paper bags
Appearance-Color White and embossed plain fiber

Shelf life 24 months from date of manufacture (Unopened package)
Storage conditions It should be stored at a temperature range of 5 to 30 °C.
Intensity 0.91 g/cm?®

Length 12 mm

Diameter 32 um

Melting point 170 °C

Tensile strength 430 MPa

Modulus of Elasticity in Tension 6 GPa

Thermal Conductivity Low

Electrical Conductivity Low

Acid Resistance High

Figure 6. UCS machine and failed samples
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RESULTS AND DISCUSSION
Compaction Test Results

A series of compaction tests were performed to investigate the max dry density and
optimum water content of soil samples with different percentage of polypropylene fiber for two
types of clay. The polypropylene fiber addition caused some increases in dry unit volume weights
for both soils. The dry unit volume weight reached the highest value by taking the value of 1.675
g/cm3 in the mixture of CL soil and 1.5% polypropylene fiber (Figure 7). In the mixture of CH soil
and polypropylene fiber, the highest dry unit volume weight value was 1.380 g/cm3 with 1.0%
contribution (Figure 8).

Increment of fiber amount in the stabilized soil leads to an increment in maximum dry
density. The fiber material between the soil grains acts as reinforcement, causing the soil structure
to be compressed more tightly. The best compaction was obtained when 1.5% fiber was added to
the CL soil, while it was obtained when 1% fiber was added to the CH soil. The greatest
compression is achieved in CH soil with a lower fiber ratio than in CL soil is due to the fact that
the increased fiber ratio reduces the cohesion forces between high plasticity clay minerals.

As the fiber ratio in CL soil increases, the optimum water content increases. The capillary
irregularity of the fiber material within the CL soil structure creates an environment suitable for
water drainage and requires more water for maximum compaction. However, there is no significant
correlation between fiber ratio and variation in optimum water content in CH soil. Due to clay
mineralogy and cohesion forces between CH minerals, the fiber material may not be distributed
homogeneously within the ground structure.
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Figure 8. Compaction curves of CH soil and polypropylene fiber mixtures

Unconfined Compressive Strength Test Results

In this study, it was observed that the polypropylene fiber caused an increase in the strength
of both CL soil and CH soil. According to the results of the unconfined pressure test performed on
polypropylene fiber-added samples, the highest strength values were obtained with 1.0%
polypropylene fiber additive by weight of the clay for both soil types (CL and CH soil). For CL
soil, it was observed that 1.0% fiber additive increased the strength by 67% compared to natural
clay at the end of 7 days of curing (Figure 9) and this value reached 81% at the end of 28 days of
curing (Figure 10). Again, for CH soil, it was determined that with the addition of 1.0%
polypropylene fiber, there was a 53% increase compared to natural clay at the end of 7 days of
curing (Figure 11), and this rate reached 78% at the end of 28 days of curing (Figure 12).

The addition of polypropylene fiber increased the uniaxial strength in low plasticity clay
more than high plasticity clay. According to the results of the unconfined compressive test, it was
observed that the most effective ratio in soil - fiber mixed samples was 1.0%. If we compare the
strength of polypropylene fibers on CL and CH soil, at the end of the 28-day curing period, the CL
soil reached a strength of 463 kPa, while this value remained at 399 kPa on the CH soil. In their
studies, Cetinkaya and Cetin added 1% fiber to the clay soil and achieved the highest strength. The
polypropylene fiber could be used as a soil improvement material in future studies [19, 20].

As the amount of fiber increases, the ductility of the stabilized CL soil increases to 17%
compared to natural clay (15%), while the ductility of the stabilized CH soil decreases from 8% to
3-4%.
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CONCLUSION

In the present study, compaction and strength characteristics of polypropylene fiber

stabilized low and high plasticity clays were determined. The results are summarized below:

The optimum fiber ratio to obtain maximum dry density is 1.5% for CL soil and 1.0% for
CH soil. Increment of fiber amount in the stabilized soil leads to an increment in maximum
dry density. The fiber material between the soil grains acts as reinforcement, causing the
soil structure to be compressed more tightly.

Increment of the fiber ratio in CL soil, the optimum water content increases since capillary
irregularity of the fiber material in the soil structure creates an environment suitable for
water drainage However, there is no significant correlation between fiber ratio and variation
in optimum water content in CH soil due to complex clay mineralogy.

The optimum fiber ratio to obtain maximum strength is 1.0% for CL and CH soil types.

As the amount of fiber increases, the ductility of the stabilized CL soil increases to 17%
compared to natural clay (15%), while the ductility of the stabilized CH soil decreases from
8% to 3-4%.

Test results show that polypropylene fiber can be used in clay stabilization. The optimum

fiber ratio can be determined by deciding whether compaction or strength results are prioritized in
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soil improvement works.
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Geometric analysis of the NLS surface with the Pseudo null Darboux frame of spacelike curve

INTRODUCTION

The exploration of curves on surfaces within the realm of differential geometry unveils
intricate mathematical relationships and geometric phenomena. Using the Darboux frame to
better understand a curve located on the Hasimoto surface is an interesting point of exploration
in the field of geometry. The intertwining of differential geometry and the study of Hasimoto
surfaces, which emerge from solitonic solutions of certain physical models like the nonlinear
Schrédinger equation, offers a rich terrain for exploration.

The Darboux frame, a set of vectors typically encompassing the tangent, normal, and
binormal vectors associated with a curve, serves as a fundamental tool in characterizing the
geometric properties of curves in three-dimensional space. Examining the Darboux frame
within the context of Hasimoto surfaces adds an extra layer of complexity and intrigue, as these
surfaces are intimately connected to solitonic behavior a phenomenon known for its localized,
stable, and particle-like nature.

The main aim of this work is to uncover insights that not only contribute to the
theoretical foundations of differential geometry, but also offer practical applications in
understanding the behavior of curves in the unique context of Hasimoto surfaces. Through a
comprehensive review and analysis, this study endeavors to broaden our understanding of the
interplay between geometric structures, providing valuable contributions to both mathematical
theory and potential applications in physical modeling.

Examining the movement of a vortex filament reveals the key differential geometry and
mathematical physics difficulties. One of the most significant studies that guides us in resolving
those critical problems is Hasimoto's study in 1972. It focused on an approximate
representation of the self-induced motion of an isolated filament of a vortex moving in an a
fluid that is incompressible without stretching. The equation holds

Pt = Ps X Pgs

if the vortex filament's position vector is represented by ¢ = @(s,t). These vortex
motions can be considered to be travelling wave solutions with respect to the Nonlinear
Schrédinger (NLS) equation, as they involve no change in shape [1].

The NLS surfaces or Hasimoto surfaces have connections with the NLS equation.

Hasimoto established the complex function g = ke'/ 7@ of a curvature functions x, T and
discovered that if the curve expands according to the vortex filament equation, it yields the
focusing on the cubic NLS equation [1].

The curves on the Hasimoto surface have been the subject of several research in the
literature, some of which have made use of the Darboux frame, also referred to as the frame of
the curve-surface pair. A adaptable frame characterized by three invariant functions, the
Darboux frame is defined on a curve which occurs on a surface [2]. The study of the smoke
ring equation, which involves investigating the the soliton surface soliton surface connected to
the NLS formula, also known as the Hasimoto surface, using the Darboux frame [3].
Additionally, a study has been conducted to examine the Darboux frame of a pseudo null curve
situated on a lightlike surface, emphasizing its significance in Minkowski space [4].
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Hasimoto surfaces for several types of curve establishment that correspond to a Frenet
frame in Minkowski space were investigated, further emphasizing the significance of the
Darboux frame in understanding these surfaces [5]. Additionally, it has been investigated what
the Darboux frame is defined for lightlike surface, providing insights into its application in
physics and linguistics [6]. The study of the Hasimoto surfaces using the Bishop frame also
contributes to the understanding of the Darboux frame's role in characterizing surfaces in
different spaces [7].

In summary, the literature review reveals that a curve on a Hasimoto surface has been
extensively studied in various geometric contexts, including different space geometries,
mathematical physics, and surface characterizations. These studies demonstrate the broad
applicability and significance of the Darboux frame in understanding the geometric properties
of curves on Hasimoto surfaces. Overall, the literature provides a comprehensive understanding
of the Darboux frame, offering insights into its geometric properties, invariants, and its
connection to various mathematical and physical concepts.

Binormal motion of curves having constant curvature gives rise to integrable expansions
of the Dym equations, as the research [8] explains. Moreover, It can also be attributed to
integrable variations of the classical sine-Gordon equations and was previously proven that it
comes within the binormal motion of curves with constant torsion. Simultaneously, a Backlund
transformation is carried out, helping us to create the related soliton surfaces. The research
paper demonstrates analogies across Backlund's and Bianchi's standard transformations
regarding the extended sine-Gordon system in [9]. Initially, the NLS equation was examined in
kinematic examinations that focused on specific hydrodynamic motions, and later, its general
intrinsic geometric characteristics were investigated [10], and then utilized in magneto-
hydrodynamics [11]. Recent developments indicated a requirement for research into non-
Euclidean geometries. A normal congruence in three-dimensional Minkowski space is the main
topic of the study [12], and it investigates the NLS equation of repulsive type and nonlinear
heat systems. In [13] Hasimoto surfaces are examined in Minkowski 3-space and identified
their distinctive geometric characteristics.

The purpose of this research is to contribute to the body of knowledge in both
differential geometry and mathematical physics by offering a focused exploration of the
Darboux frame in the specific context of curves on the NLS surfaces. Through this
investigation, we seek to uncover new insights, establish connections between geometric and
physical phenomena, and potentially open avenues for further research and applications. In this
study, we explore the differential geometric features of the soliton surface associated with the
Nonlinear Schrodinger equation, also known as the NLS surface or Hasimoto surface. A quick
overview is presented to provide background details and context beforehand we get started. The
geometric characteristics of the NLS surface is then discussed. We determine the Gaussian and
mean curvature of the NLS surface. In addition, we obtain new information as well as the
essential and sufficient requirements for the NLS surfaces to be flat or minimal.

MATERIALS AND METHODS

In this part, we provide the background information about spacelike curves on lightlike surfaces
that is required to grasp the primary subject of the study. Let a: I — E3 be a regular unit speed spacelike
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curve. At any point along the curve @, we may construct a Frenet frame {T, N, B} satisfying the
followings:

(T,T) =1,
(N,N) = —(B,B) = ¢ = +1,

(T,N) =(N,B) =(T,B) =0,

Tx N =—gB,
NxB=T,
BXT =gN.

The Serret-Frenet formulas of a are given by

T'(s) = g k(s)N(s),
N'(s) = =k (s)T(s) — &,7(s)B(s),

B'(s) = —&;t(s)N(s).

However, since the unit speed spacelike curve «a lies on the lightlike surface, we can additionally
establish alternative pseudo null frame fields on the curve a, which is referred to as the Darboux frame
[4].

The unit tangent vector field T of the unit speed spacelike curve a and the null normal vector
field n of the surface on the curve a comprise the Darboux frame. There is only one way to select the
last frame field g, which is null vector field in order to characterize a pseudo null frame that includes
these vector fields. This suggests that we have the following relationships

(T, T)=1,
(n,n) ={(g,9)=(T,g)=(T,n) =0,

(g:n) =& = =1

TXg=¢&g9,
gxn=T,
nXT =gn.

The derivative formulas of the Darboux frame fields {T, g, n} are given by
T'(s) = e1kn(s)g(s) + &1ky(s)n(s),

9'(s) = —kg(s)T(s) + &174(s)g(s),

n'(s) = —kn(s)T(s) — &174(s)n(s)

where k,, is the normal curvature, k, is the geodesic curvature, and 7, is the geodesic torsion of the
curve a [4].

The following situations are satisfied for a curve lying on a surface:

i) kg = 0ifand only if the curve a is a geodesic curve.
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ii) k,, = 0 if and only if the curve a is an asymptotic curve.

iii) 7, = 0 ifand only if the curve a is a principal line curve.

RESULTS

This section will provide an overview and look at the geometric features of the soliton surface
related to the NLS equation. For this investigation, s-parameter curves on the soliton surface ¢ = ¢(s, t)
will be used. Derivative formulas will be obtained depending on the time parameter of the Darboux
vector fields T, g, n of the spacelike s parameter curve ¢ = ¢(s,t) forall t.

The metric coefficient matrix is obtained corresponding to the Darboux frame fields as follows:

(T(s),T(s)) (T(s),g(s)) (T(s),n(s)) 1 0 0
= [{g(s), T(s)) (g(s),g(s)) (g(s),n(s))|=[0 0O 81].
(n(s),T(s)) (n(s),g(s)) (n(s),n(s)) 0 & 0

If we denote semi skew symmetric matrix with respect to the above metric coefficient matrix

ai; Q12 Qg3
A=|0z1 Qz Qz3

az1 Qz3 04z3

then we get the following matrix equation

a1 A4z ai1  &10413 €104
— 412 Q22 a32 = |€1431 a33 asz
a3 dsz €10z1 azz
by
I'AI" = —AT.
This means that
all = O,

az +¢&a,3 =0,
azy+é a1, =0,
a;z +&a13=0,
az; +azz =0,

a3 +&a, =0,

a32 = a23 = 0
Thus, semi skew symmetric matrix A can be written as follows;

0 § B
A=|-gf v O ]
—&6 0 —y

for some real numbers &, 8 and y.

Theorem. Consider a NLS surface ¢ = ¢(s, t) suchthat, forany t, ¢ = @(s,t) isaunitspeed
spacelike curve. Partial derivative formulas according to the s and t parameters of the Darboux frame
defined on the soliton surface are obtained as follows:
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s T [ 0 Slkn £1kg T
|) & g = —kg SITg 0 g ,
Inl |-k, 0 —g14]ln
5 [T 0 & BT
i) 2lg|=|-aB v 0]|g
Inl -6 0 —ylln
where

2
§ = eyknty +5-kn,

9
B = erkgty = 5-kq,

1 0 0 , 0 0
y = E(El s (e1knty + &kn) + &1 knT5 + &knrg - akn).
Here k,, is nonzero normal, k, is the geodesic curvatures and 7, is the geodesic torsion of

spacelike curve ¢ = ¢@(s,t) forall t.

Proof. i) This is accomplished using derivative formulae of vector fields T, g, n.

i) It is known that there are smooth functions 6§ , §, y such that
alT 0 & BT
3191 = —&p v 0]lg]|
n —&6 0 —ylln
We obtain
9]

0
—(T)) = == (59 + fn)

= (—Skg — Bky)T

+ (% + 6£1Tg)g + (% — Belrg) n
and

0

d
a (Ts) = a (e1kng + <‘:1kgn)

= gl(glﬁkn - 815kg)T
dkn ok
+ (g + kny)g + (a—f - kg)/) n.
The following equation is obtained from the equality of the coefficients of the Darboux frame

ﬁmmnnmCmmmMMyggn)=%ap.

a5 ok
25 = &1 a_tn + &1kny — 6174 (1)

193



Journal of Science and Engineering

and

3B ok,
a_S = ‘Bngg +W— kg)/

By using the compatibility conditions of the vector field gand making the necessary
adjustments, the following equations are obtained.

0 2
a—s(gt) = a—s(—slﬁT + v9)

- (st

+ (—ﬁkn + %y + slyrg) g+ (—ﬁkg)n
and

0 d
a (gs) = a (_kgT + <‘:1‘[gg)
a
= (3ky = 1y)T

a
+ (—6kg te o Tt elyrg) g+ (—Bky)n.
Then the following equation is obtained

9] 0
=V = Bky —8ky + elarg.

ds
We have
Pt = Ps X Pss
because ¢ = ¢(s, t) isaNLS surface in which ¢ = ¢(s, t) is a unit spacelike curve for every
t.
This implies

or=TX (slkng + elkgn)
= &1&61kng + (—&)e1kgn

= kng — kgn.
We have found

d 0
s (¢t) = a(kng - kgn)
a
= (slknrg + akn)g + (slkg‘rg - gkg) n
and

a a
2 (¢9) == (T) = 69 + fn.

Compatibility condition < (¢;) = == (¢;) implies that
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d
6 = g1kyty + &kn,
0
B =ekytg— a—skg.
Substituting above equations to Equation 1, we find

1

0 0 , 0 0
Y= E(el s (e1kntg + = kpn) + &1knT5 + ——kn7y — kn).

s ds ot

Theorem. Consider a NLS surface ¢ = @(s,t) such that, for any t, ¢ = @(s,t) is a unit
speed spacelike curve. The Gaussian and mean curvatures of the NLS surface are

(hes)

0
K=¢ (—ankg]/ - % (kg - kn)> + W

and

9
—4ky keg” + 2knkgy + 37 (kg — kn)
—4e kykg '

H=c¢

where € = (Z, Z), respectively.

Proof. The Lorentzian product of a surface in three-dimensional Minkowski space on its
tangent space is the first fundamental form. We need to find the first fundamental form of the NLS
surface @ = ¢(s,t). We may write

9 99 0 9
I= (a—fds + 20, as + 22

at “ s ac

= (Tds + (kng — kgn)dt, Tds + (kng — kyn)dt)
= ds? — 2e1kpk,dt>.

Thus, coefficients of first fundamental form are obtained as

E=1,
F=0,
G = _Zglknkg'

So, we have

EG — F? = —2¢&,k,k,.

Suppose that normal vector field of the surface is written as follows

Z=wl+pg+¢n
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for some differentiable functions @, p and ¢. We know that

(Z,¢5) = 0.
This implies
w = 0.
Similarly, we have
(Z,p¢) =0,
Then we get
(pg +sn,kng — kgn) = 0.
So, we find
—kgp + ¢k, = 0.
We obtain
p=kn¢ =k

Thus, the normal vector field of the Hasimoto surface ¢ = ¢(s, t) is obtained as follows
Z=k,g+ kgn.
We also see that
(Z,Z) = 2&1ky kg
The character of the normal vector Z is determined by the signs of &;, k,, kg, variables. We
know that
Pss = E1kng + €1kgn,

0 0
Qst = (elkn‘rg + &kn)g + (slkgrg — &kg) n,

Kl 0
Pre = (—e1knB + €1k y0)T + | kpy + 3¢ (kn) |9+ { kgy = a(kg) n.

Coefficients of the second fundamental form of the NLS surface ¢ = ¢(s,t) are
determined as
e =(Z,q¢5) = 2e1knkg,

d
f=(Z, 5) = &(knkg)'

0
g= (Z, (ptt> = ankgy + a (kg - kn)-
If the necessary operations are carried out, we obtain

ke kg + 2kl gy +2(lg—kn)
—4&1knkg

2
Zelknkg(2knkgy+%(kg—kn))—(%(knkg))

—2&1knkg

K=¢

respectively.
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DISCUSSION AND CONCLUSIONS

It is known that the relationship between geometric analyzes in Minkowski space and
differential equations sheds light on studies in the field of physics. For example, the solution to the
optical fiber differential equations involving the position vector field is identified. This normal
congruence of surfaces has intrinsic geometrical characteristics that are described in the context of
vectors of electromagnetic waves. We examine situations in which particular electric charge and current
densities allow electromagnetic and magnetic vectors to meet the requirements of Maxwell's equations
[14]. Moreover, sufficient as well as necessary conditions for the geometric phase are provided to allow
for EM wave vectors to be executed in parallel with the pseudo null frame[15]. There are also studies
on some engineering topics that are known to be related to differential equations and geometric analysis.
Engineering studies addressing some of these issues can be found at [16-18].

The study examines the spacelike curve in Minkowski space as a dynamic system and analyzes
the smoke ring equation, additionally referred to as the vortex filament equation. Using the Darboux
frame, the geometric properties of the soliton surface corresponding to NLS equation have been studied
in detail; this surface is often referred to as the NLS surface or Hasimoto surface.

The results obtained provide an in-depth look at the mathematical properties of the NLS surface,
increasing knowledge in this field and opening new perspectives on potential applications. In agreement
with relevant literature, our analyzes helped us understand the dynamic properties of spacelike curves
on the NLS surface.

The results of this study provide several recommendations for future researchers and those
working in related fields. Further experimental and theoretical studies on the dynamic behavior of
spacelike curves on the NLS surface can deepen the knowledge in this field. Additionally, the results
obtained may inspire researchers interested in mathematical physics, differential geometry and nonlinear
equations to develop new methods and approaches. In this context, in future studies, further research
can be recommended to explore the potential applications of curves on the NLS surface in various
physical systems.
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