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Oz

Bu c¢aligmada, prostat kanserinin tedavisinde 6nemli bir kemoterapotik
ajan olarak kullanilan docetaxelin, insan saglam prostat hiicresi (PNT1A)
ve insan kanserli prostat hiicresi (PC3) iizerindeki sitotoksik etkileri
arastirilmistir. Calismada ticari docetaxelin saf ve asetonda bekletilmis
formu kullanilmigtir.  MTT  [3-(4,5-dimetiltiazol-2-il)-2,5-difenil-2H-
tetrazolyum bromid] testi kullanilarak 24, 48 ve 72 saatlik inkiibasyon
sonrasi yapilan analizlerde farkli docetaxel formlarinin kullanimi arasinda
anlamli bir fark bulunmadigi tespit edilmistir (p<<0.01). Elde edilen
bulgular, docetaxel formlarinin PC3 ve PNT1A hiicreleri iizerinde doza
bagimli sitotoksik etkilerinin varligin1 ortaya koymaktadir. Sitotoksik
etkinin doza bagimliliginin 6zellikle ilk 24 saatte oldukca yiiksek oldugu
belirlenmistir (PC3 igin p<0.05, PNT1A igin p<0.01). 48. saatte saf
docetaxelin PC3 hiicresi i¢in IC50 degeri 0.0116 ug/mL, PNT1A hiicresi
icin IC50 degeri 3.5462 pg/mL olarak hesaplanmistir. Bu degerler
docetaxelin PNT1A hiicrelerinde, PC3 hiicrelerine kiyasla daha diisiik
olsada, sitotoksik etki olusturdugunu gostermektedir. Direng gelistirmis
prostat kanseri hiicrelerinde de terapotik etkileri olan docetaxelin ilag
tagima sistemleri ile beraber kullanilarak saglam hiicrelerdeki hasarinin
azaltilmasi uygun bir yaklasim olarak diisiiniilmektedir.

ABSTRACT

In this study, the cytotoxic effects of docetaxel, which is used as an
important chemotherapeutic agent in the treatment of prostate cancer, on
human intact prostate cell (PNT1A) and human cancerous prostate cell
(PC3) were investigated. In the study, pure and acetone-soaked form of

*Sorumlu Yazar

E-posta Adresleri: gungoren23@gmail.com (Muhammed GUNGOREN), kilincersin@gmail.com (Ersin

KILINC), zbaysal@dicle.edu.tr (Ziibeyde BAYSAL)



mailto:zbaysal@dicle.edu.tr
https://dergipark.org.tr/tr/pub/dufed
https://orcid.org/0000-0002-3122-7086
https://orcid.org/0000-0001-5223-9919
https://orcid.org/0000-0001-7682-4469

M. Giingoren et al. / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 109-120

commercial docetaxel was used. It was determined that there was no
significant difference between the use of different forms of docetaxel in
the analyzes performed after 24, 48 and 72 hours of incubation using the
MTTI3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide]
test (p<0.01). It was found that docetaxel forms have dose dependent
cytotoxic effects on PC3 and PNT1A cells. It was determined that the dose
dependence of the cytotoxic effect was quite high, especially in the first 24
hours (p<0.05 for PC3, p<0.01 for PNT1A). The IC50 value of pure
docetaxel for PC3 cell was calculated as 0.0116 pg/mL and for PNT1A cell
as 3.5462 pg/mL at 48. h. These values show that docetaxel produces a
cytotoxic effect in PNT1A cells, although it is lower than in PC3 cells.
Using docetaxel, which has therapeutic effects in resistant prostate cancer
cells, together with drug delivery systems is considered as an appropriate
approach for reducing the damage in healthy cells.

1. GIRIS

Bir hastaliklar grubu olan kanser, hiicrelerin kontrolsiiz sekilde ¢ogalmasi ve farkli dokulara
yayilarak yeni bolgelerde bu neoplaziyi devam ettirmesi ile karakterize edilen bir vakadir. Bu kontrolsiiz
cogalma sonucunda olusan tiimdr dokularinin gelisimi ¢ok asamalidir. Bu siirecte hiicre ¢ogalmasini
aktif tutma, hiicre ¢cogalmasini engelleyici sistemlerden kagcinma, tiimér hiicre 6liimlerine karsi koyma,
kendini kopyalama ile Sliimsiizliige ulasma, anjiyogenez olusturma ve yayilim saglama gibi tehlikeli

sonuglar olusur [1].

Kanser, ekonomik olarak gelismis ve gelismemis iilkelerde 6nde gelen 6liim nedenidir ve kanser
insidansi da diinya ¢apinda artmaktadir [2-4]. Sadece 2020 yilinda diinya genelinde kadin ve erkeklerde
toplam 19 292 789 yeni vaka tahmin edilmistir. Bu vakalarin icerisinde gogiis kanseri 2 261 419 kisiyle
birinci, akciger kanseri 2 206 771 kisiyle ikinci, prostat kanseri 1 414 259 kisiyle ti¢iincii sirada yer
almaktadir. Diinya geneli i¢in insidans1 30,7 olan prostat kanseri erkeklerde akciger kanserinden sonra
en sik rastlanan ikinci kanser tiirtidiir [5]. Prostat kanserinin baslangi¢ noktasi ve kaynagi prostat bezidir.
Tlimor, prostat bezini tamamen kapladiktan sonra, iiretra, rektum, mesane, kal¢a gibi yakin bolgelere
metastaz gerceklestirir. Aniden ivme kazanabilir ve tedavi edilmezse 6limciil olabilir [6]. Prostat
bezinin farkli ve birden fazla yerinde es zamanli olusabilen prostat kanseri, gelisme safhasini
tamamladiktan sonra aktif olarak biiyiir ve prostat sinirlarini agarak yayilma gosterir. Bunun devaminda
viicuttaki organlarla tedavi edilemez etkilesimlere girer [7]. Kemoterapi, cerrahi rezeksiyon ve
radyoterapi bu korkung hastalikla miicadelede baslica yontemlerdir. Siiregte ilk olarak tiimér boyutunu
kiigiiltmek i¢in kemoterapi kullanilir, sonrasinda cerrahi olarak miidahale edilir ve son olarak

radyoterapi uygulanir [8, 9]. Kemoterapi bu sebepten 6tiirii hastaligin tedavisinde olduk¢a 6nemlidir.

Docetaxel (Dtxl) (CasHs3sNO14; 807.9 g/mol), Taxus baccata agacindan elde edilen, taxan grubu

yari sentetik bir alkaloiddir. Prostat, meme, akciger, mide, yumurtalik, bag ve boyun kanserlerinde sik¢a
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kullanilan bir antitiimor ajanidir [10, 11]. Prostat kanseri hastalarmim 6nemli bir kismi, ilk pozitif
yanittan sonra niiks yasar ve kastrasyona direncli prostat kanseri (CRPC) ad1 verilen ikinci bir asamaya
ilerler. 2010'dan beri, docetaxel CRPC i¢in de diger tedavi edicilerle kombine edilerek, siklikla
kullanilmaktadir [12, 13].

[lacin uygulanis sekilleri ve kendi yapisindan ileri gelen lokal ve sistemik toksisiteler klinik
kullaniminin baslica dezavantajlaridir [14]. Ayrica, ilacin karacigerde ve kanserli hiicrelerde yogun
metabolizmasi, kemoterapdtik etkinliginin azalmasima yol agar [10]. ilacin hizli eliminasyonundan
otiirti, viicuttaki minimum terapdtik dozuna ulagabilmek igin yliksek dozlarda kullanilmasi gerekir. Son
otuz yildan bu yana yapilan arastirmalar, sitotoksik ajan1 dolasimda tutmak, kanda kontrollii salim ve
normal hiicrelere daha az etki ile daha segici dagitim adina alternatif tasiyicilar konusunda 6nemli bir

gereklilik ortaya ¢ikmustir [15-18].

Bununla birlikte kemoterapik etkinligin korunmasin1 desteklemek amaciyla taginim
sistemlerinin sitotoksik 6zelliklerinin de hiicre kiiltiirii diizeyinde arastirilmas: gerekmektedir. Hiicrenin
Yasayabilirligi Testi (MTT) etkili, dogru ve yaygin kullanilan bir spektrofotometrik yontem olarak
uluslararast kabul gormiistiir. Hiicrenin yasayabilirligi testi, kullanilan malzemenin sitotoksik olup
olmadigini veya hangi dozlarda sitotoksik 6zellik gosterebilecegini belirlemeye yarayan kantitatif bir

testtir.

Bu amagla calismamizda aseton iginde bir siire bekletilmis ve saf olarak kullanilmis iki ayr1
docetaxel Ornegini, insan prostat kanseri hiicre hatlar1 (PC3) ve insan saglikli prostat hiicre hatlart
(PNT1A) hiicreleri tizerinde arastirdik. Bu sayede hem asetonun Dtxl tizerindeki etkisini hem de Dtx1’in

PC3 ve PNT1A hiicreleri iizerindeki sitotoksik etkilerini doza ve zamana bagli olarak inceledik.

2. MATERYAL VE METOT
2.1 Reaktifler ve Standartlar

Insan prostat kanseri hiicre hatlar1 (PC3) ve insan saglikli prostat hiicre hatlari (PNT1A)
Amerikan tip kiiltiir koleksiyonundan satin alindi (ATCC, Rockville, MD). Docetaxel, DMEM/F-12,
Fetal Bovine Serum (10%-FBS), Streptomycin-Penicillin (1000 U/mL penicillin ve 100 pg/mL
streptomycin), RPMI-1640, MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide],
fosfat tamponu (PBS, 0.01M), trypan blue, dimetil siilfoksit (DMSO), nutrient broth (NB), Aseton (Ace)
ve Trypsin EDTA Sigma-Aldrich (Germany)’ den temin edildi. Annexin V-FITC/PI Det. Kit | (556547-
BD Pharmingen) BD Bioscience’dan satin alindi (Germany). Tiim kimyasallar analitik saflikta olup,

deneysel asamalarda ultra saf su kullanildi.
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2.2 Kullamilan Cihazlar

Hiicreler, New Brunswick Galaxy 170s igerisinde inkiibe edildi ve hiicre kiiltiirii ¢aligmalari
Telstar-Class II Tip laminar kabinde gergeklestirildi. Hiicrenin yasayabilirligi testi spektrofotometrik

Ol¢iimleri SpektramaxM5 microplate okuyucu ile alindi.

2.3 Docetaxel Orneklerinin Hazirlanmasi

Literatiirde docetaxel saf olarak kullanmilir ancak asetonda coOziinerek kullanilmasina dair
ornekler de bulunmaktadir [19]. Bu iki uygulanmanin karsilastirilmasi agisindan ¢aligmamizda 24 saat
250 pL aseton igerisinde bekletilip ardindan asetonu ugurulmus (Dtxl.A) ve herhangi bir 6n hazirlik
yapilmamug (Dtxl) iki farkli docetaxel 6rnegi kullanildi. Daha sonra DMSO igerisinde 0, 0.5, 1, 2, 2.5,

5, 10 ve 25 pg/mL derisimlerinde numuneler hazirlandi.

2.4 Hiicre Kiiltiirii Calismalar: ve Hiicre Sayimi

PC3 ve PNTIA hiicre hatlari, sirastyla DMEM/F-12 (Dulbecco's Modified Eagle Medium:
Nutrient Mixture F-12) ve RPMI-1640 (Roswell Park Memorial Institute) ortaminda kiiltiirlendi.
DMEM/F-12 ve RPMI-1640, %5 CO; iceren nemli ortam kosullarinda 37°C'de inaktive edilmis fetal

sigir serumu (%10 - FBS) ve streptomisin-penisilin ile desteklenmistir.

Flasklarda ¢ogaltilan canli hiicre sayis1 yeterli seviyelere geldiginde hiicre ile ilgili deneylere
baslandi. Hiicreler CO; inkiibatoriinden ¢ikarildi ve besiyeri kismi alindi. Sise PBS (fosfat tampon, 0.01
M, pH=7.4) ile yikand1 ve ardindan Trypsin-EDTA ile hiicreler yiizeyden ayrildi. Sonrasinda besiyeri
ilavesi yapilan siselerdeki hiicreler tiipe alindi. Sayim i¢in tiipteki hiicrelerden 10 pL alinip 90 pL trypan
blue eklendi ve dispers edildi. Olusan karisimin 10 pL’si ile Neubauer sayim bolmesi kullanilarak
prosediire uygun sekilde sayim yapildi (Sekil 1). Hiicre sayisi, prosediirde yer alan, agsagidaki formiil ile
hesaplandi [20].

Hiicre sayist  Sayilan hiicre sayisi

- X10000XS It
mL Sayilan kare sayist eyreitme orant
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Sekil 1. Neubauer sayim bolmesi detayr [20]

2.5 Hiicrenin Yasayabilirligi Testi

Dtxl.A ve DtxI'nin sitotoksisite ¢alismalari, 24, 48 ve 72. saatlerde MTT testi kullanilarak
incelendi [21]. Hiicredeki mitokondriyal enzimlerin, ¢alisma sirasinda hiicreye eklenen, sar1 renkli
tetrazolyum boyasini mor renkli formazan kristallerine indiiklemesinin 6l¢iimii metodun 6zet halidir.
Yaklagik 5000 hiicre igeren 95 uL siispansiyon, 96 oyuklu plakaya yerlestirildi. 24, 48 ve 72. saatlerde
Olgiilecek her hiicre hatti igin toplam 3 plaka hazirlandi. DtxI.A ve Dtxl numuneleri 0, 0.5, 1, 2, 2.5, 5,
10 ve 25 pg/mL konsantrasyonlarinda hazirlandi ve kuyucuklara 5’er pL eklendi. Plakalar 37 °C'de %5
COq iginde inkiibe edildi.

Plakalardaki hiicrelerin ortami 24, 48 ve 72. saatlerde dikkatlice ¢ikarildi ve her bir oyuga 10
pL MTT (Smg/mL) ilave edildi. Plakalar 37°C'de %5 CO; icinde 4 saat inkiibe edildikten sonra
sipernatant igerigi cikarildi ve kuyucuklara 100 pL. DMSO ilave edildi. Karanlikta 15 dakika
bekledikten sonra 570 nm'de mikroplaka okuyucu ile absorbans degerleri okundu. Elde edilen

absorbans degerleri ile hiicrenin yasayabilirligi (%) asagidaki formiil kullanilarak hesaplandi:

. , o Ornegin Absorbanst
Hiicrenin yasayabilirligi (%) = Kontrolin Absorbanss ™ 100

TT testi 3 tekrarli galisilmus ve istatistik degerler IBM SPSS Statistics 26 yazilimi kullanilarak,

ANOVA/Tukey ve korelasyon parametrelerinde hesaplanmistir.
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3. ARASTIRMA BULGULARI

MTT calismalar1 PC3 ve PNT1A hiicre hatlarina Dtxl ve Dtxl.A uygulanarak yapildi. 24, 48 ve
72. saatlerde PC3 ve PNT1A hiicre hatlari ile yapilmis olan ¢alismanin sonucunda 570 nm’de okunan

absorbanslar ile hesaplanmis olan hiicrenin yasayabilirligi (%) Tablo 1°de verilmistir.

Tablo 1. MTT testi sonucunda elde edilen absorbanslardan hesaplanmig hiicre yasayabilirligi (%) degerleri

24 saat 48 saat 72 saat
Kons. DtxlLA Dtxl DtxLA Dtxl | Dtxl.A Dtxl Dtxl.A Dtxl | DtxLA Dtxl Dtxl.A Dtxl
(ng/mL) PC3 PC3 PNT PNT| PC3 PC3 PNT PNT| PC3 PC3 PNT PNT
0 100 100 100 100 | 100 100 100 100 | 100 100 100 100
0.5 88 89 76 74 41 42 50 51 27 26 38 36
1 75 78 65 65 29 31 46 46 22 24 31 31
2 69 65 61 61 28 25 44 44 20 22 27 29
25 57 54 58 58 24 22 42 44 19 21 25 27
5 50 50 52 52 22 21 40 42 19 20 20 21
10 46 42 49 49 20 20 26 23 15 14 13 12
25 32 33 45 45 13 13 13 13 4 3 7 7

*PNT1A hiicresinin ad1 PNT olarak kisaltilmistir.

Dtxl ve Dtxl.A formlarmin PC3 ve PNTI1A hiicre hatlar1 tizerindeki hiicre yasayabilirlik
yiizdesine etkisinin doza bagimli oldugu ve 72. saatte en yiiksek oldugu (%3) goriilmiistiir. Hiicre
yasayabilirligi degerlerine etkinin en diisiik oldugu Sl¢iimler 24. saatte goriilmiistiir. Bu saatteki en
yiiksek canlilik %89 degeri ile Dtx1-PC3 kuyucugunda 0.5 pg/mL derisimde, en disiik canlilik ise %32
degeri ile Dtxl.A-PC3 kuyucugunda 25 pg/mL derisiminde Sl¢lilmiistiir. Hiicre yasayabilirlik yiizdesi,
24. saat uygulanan diisiik dozlar disinda, PC3 hiicrelerinde genellikle daha diisiik goriildii. PC3 ve
PNTI1A hiicrelerine uygulanmig olan Dtxl-A ve Dtxl ilaglarinin derisimine karsi canli hiicre ylizdeleri

karsilastirilarak grafige gegirildi (Sekil 2, 3 ve 4).

Trevizan ve ark. [22] yaptiklar1 ¢alismada PC3 hiicresindeki 48. saat sitotoksisite 6l¢timleri
sonucunda 5nM tiizerindeki Dxtl’in sitotoksik 6zellik gosterdigini belirtmistir ve uygulanan derisim ile

birlikte sitotoksisitenin de arttigini ortaya koymustur.

Ayni zaman, derisim ve hiicre hattina bakildiginda Dtxl.A ve Dtxl uygulamalar1 arasinda
anlamli bir fark gézlenmemistir (p<0.01). Bu durum, docetaxel uygulamalarinda aseton kullanilmasinin

sonuglari etkilemeyecegini agik sekilde gostermektedir.
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Sekil 4. Dtxl-4 ve DixI’nin farkiy konsantrasyonlarinda canly hiicre yiizdelerindeki degisim (72. saat)

Kemoterapide ila¢ derisiminin, terapotik ozelligine etkisi 6nemlidir. Bu agidan bulgular
degerlendirildiginde, PC3 hiicrelerinde 24 saatlik uygulama sonrasinda (p<0.05) PNT1A hiicrelerinde
ise 24 ve 48 saatlik uygulama sonrasinda (p<0.01) hesaplanan hiicre canlilig1 ile uygulanan ilag dozlar
arasinda anlamli iliski tespit edilmistir. Bu anlaml iligki, ilacin doz ayarlanmasi konusunda yardime1

olabilecek bir olgudur.

Diger yandan, ilaglarin 24, 48 ve 72. saatlerdeki etkileri birbiriyle karsilagtirilmis ve sadece PC3

hiicre hatlar1 iizerinde 24 ve 72. saatler arasinda anlamli fark oldugu goriilmiistiir (p<0.05).

Olgiilen % canlilik degerlerinin dozlara kars1 dagilim grafikleri ¢izildi ve dogru denklemlerinden
IC50 (tiimor hiicresi proliferasyonunu %50 inhibe etmek igin gerekli konsantrasyon degerleri) (Tablo

2) asagidaki formiile gore hesaplandi:

5 ) 50-b
Dogru denklemi:y = ax+ b ; IC50 = Q-

Tablo 2. MTT sonuglar1 ile elde edilen IC50 degerleri (ug/mL)

PC3 (IC50) PNT1-A (IC50)
24s 48 s 72s 24s 48s 72s
DtxI.A 12.5929 0.0214 0.0007 15.6621 3.3343 0.0277
Dtxl 12.2100 0.0116 0.0016 15.7665 3.5462 0.0410
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Dtxl.LA ve Dtxl uygulamalar1 sonucu elde edilen IC50 degerlerinin birbirleriyle
karsilastirilmalar1 sonucu anlamli bir fark olmadigi goriilmiistiir (p<0.05). Ayni1 zamanda IC50 degerleri

ile zaman arasinda da anlaml1 bir iligki olmadig: belirlenmistir (p<0.05).

IC50 degerlerine bakildiginda en yiiksek antiproliferatif (¢ogalma onleyici) etki PC3 hiicre
hattinda 72. saatte meydana gelmistir (7x10* pg/mL). En diisiik antiproliferatif etki PNT1-A hiicre
hattinda 24. saatte meydana gelmistir (15.7665 pg/mL).

Monteverde ve ark. [23] PC3 hiicreleri {izerinde docetaxel ve vandetanib ile yaptigi ¢alismada
48. saat i¢in IC50 degerini hesaplamis ve sonucu 0.984 nM olarak tespit etmislerdir. Fernandes ve
ark.’nin [24] doxetaxel ve docetaxelin lipozom vasitasiyla tasinmasi ile ilgili calismalarinda 48. saatte

PC3 hiicrelerinde docetaxelin IC50 degerinin 0.044 pg/mL oldugunu belirlemislerdir.

Morikawa ve ark. [25] PC3 ve LNCaP hiicreleri iizerinde docetaxel ve rapamisin ile ¢calismustir.
Bu ¢alismada 72. saatte MTS [(3- (4, 5-dimetiltiazol-2-il) -5- (3-karboksimetoksifenil) -2- (4-siilffenil)
-2H-tetrazolium)] ile yaptiklar1 yasayabilirlik testi sonucunda 1nM docetaxelin hiicrenin canliligini %

81.2’ye diisiirdiiglinii ve IC50 degerinin 0.004 oldugunu bildirmistir.

Nagesh ve ark. [19] yaptiklari benzer bir ¢calismada MTS ile yasayabilirligi belirlemis ve 48.
saatteki Olclimlerinde docetaxelin PC3 uygulamasindaki IC50 degerini 15,6 nM olarak bulmustur.
Ayrica docetaxelin sitotoksik 6zelliginin doza bagimli degistigini belirtmistir. Baska bir ¢alismada [26]
ise docetaxelin 72. saatte PC3 hiicrelerinde 6nemli canlilik diigiisiiniin SnM derisimden sonra goriildigi

sOylenmistir ve doza bagimli bir degisimden s6z edilmistir.

4. SONUCLAR

Calismamizdan elde edilen veriler, 6zellikle ila¢ tasima sistemlerinde docetaxel ile beraber
uygulanabilen asetonun ilag sitotoksisitesine anlamli bir etkisi olmadig1 ortaya koyulmustur (p<0.01).
Bu da ilag tagima sistemlerinde aseton ile docetaxelin baglanmasini kolaylastirmanin uygun bir yontem
oldugunu gostermektedir.

Arastirma bulgulari, ilacin doz ayarlamasinin tedavide 6nemli oldugunu da géstermistir. Doza
bagimli olan docetaxel tedavisi 6zellikle ilk 24 saatte bu bagimlilig1 daha net gostermektedir (PC3 igin
p<0.05, PNT1A i¢in p<0.01).

Sonuglar ayn1 zamanda, kemoterap6tik bir ajan olan docetaxelin kanserli dokular yaninda
saglam dokulara da zarar verebildigini gostermektedir. Bu agidan bakildiginda, son yillarda siklikla
aragtirmalar1 yapilan, ilag tasima sistemlerinin hem saglam dokunun hasarinin azaltilmasi hem de timdr

tizerindeki terapdtik etkinin artirilmasi adina kullanish bir tedavi yontemi oldugu sdylenebilir.
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ABSTRACT

In this research, some thermal and physical properties of unsaturated
polyester (UP) nanocomposite produced using nanoparticles were
investigated. Fumed Silica (FS), silicon carbide (SiC) and graphene
nanoplate (GNP) were used as nanoparticles. The synthesized polyester
nanocomposites were reinforced with 0.2%, 0.4%, 0.6%, 0.8% and 1.0%
nanoparticles by mass. GNP and SiC nanoparticle reinforcements
increased the thermal conductivity coefficient of the produced polyester
nanocomposite by approximately 64% and 39%, respectively, while FS
reinforcement decreased it by 12.5%. SiC nanoparticle increased the Shore
D hardness of the polyester nanocomposite by 5.26% in the sample with
0.1% reinforcement. This ratio was 3.85% for 0.1% supplemented FS and
1.9% for 0.4% GNP. In addition, SiC and GNP reinforcement increased
the density of the polyester nanocomposite, while FS reinforcement
decreased the density of the composite. The thermal stability order of the
samples was determined as FS, GNP and SiC reinforced nanocomposites.
It was determined that the sample with the lowest thermal stability was UP.
According to the results obtained in thermal stability experiments, mass
losses of reinforced nanocomposites during thermal decomposition were
compared. The thermal decomposition behavior of polyester
nanocomposites was modeled by the Kinetic equation. Experimental and
theoretical model results were compared and correlation numbers were
calculated by statistical analysis using nonlinear regression.

0z

Bu arastirmada, nanopartikiiller kullanilarak iiretilen doymamis polyester
(UP) nanokompozitinin bazi termal ve fiziksel 6zellikleri aragtirilmistir.
Nanopartikiil olarak Fiime Silika (FS), silisyum karbiir (SiC) ve grafen
nanoplate (GNP) kullanilmigtir. Sentezlenen polyester nanokompozitlere
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kiitlece %0.2, %0.4, %0.6, %0.8 ve %1.0 oranlarinda nanopartikiil takviye
edilmistir. Uretilen polyester nanokompozitin 1s1l iletkenlik katsayisini
GNP ve SiC nanopartikiil takviyeleri sirasiyla yaklagik %64 ve %39
oraninda arttirirken, FS takviyesi %12.5 oraninda azaltmustir. SiC
nanopartikiil, polyester nanokompozitin Shore D sertligini % 0.1 takviye
edildigi numunede %5.26 oraninda arttirmistir. Bu oran % 0.1 takviyeli FS
icin %3.85 ve %0.4 GNP icin %1.9 olmustur. Ayrica, SiC ve GNP
takviyesi polyester nanokompozitin yogunlugunu arttirirken, FS takviyesi
kompozitin yogunlugunu azaltmistir. Numunelerin termal kararlilik
siralamast FS, GNP ve SiC takviyeli nanokompozitler olarak tespit
edilmigtir. En disiik termal kararliliga sahip numunenin UP oldugu
belirlenmigtir. Termal kararlilik deneylerinde elde edilen sonuglara gore,
giiclendirilmis nanokompozitlerin termal bozunma sirasindaki kiitle
kayiplart karsilastirilmustir. Polyester nanokompozitlerin termal bozunma
davranisi kinetik denklem ile modellenmistir. Deneysel ve teorik model
sonuglar1 karsilagtirildi ve dogrusal olmayan regresyon kullanilarak
istatistiksel analiz ile korelasyon sayilar1 hesaplanmustir.

1. INTRODUCTION

Polymeric composites made with unsaturated polyesters have become very common and
popular in recent years. Such composites, which can be applied in the laboratory environment and are
easier to process mold, and cure, can be given different properties suitable for them. Especially with
nanoparticles, polyester composites can be developed according to the purpose of use.

Many studies have been carried out in the literature to increase the thermal stability of polyester
composites. Inorganic additives such as ammonium polyphosphate impart non-flammability to
unsaturated polyester and increase its thermal stability [1-5]. When expandable graphite, silica,
melamine, some phosphorus, and halogen compounds are used as fillers, both thermal and mechanical
properties of polyester have been improved [6-8]. Also, the use of metal particles such as aluminum,
copper, zinc, stainless steel, silver, gold, and nickel in the polymer matrix gives the polyester composite
flame retardant properties [9, 10].

Physical decomposition in composites obtained from unsaturated polyester continues up to 120
°C. If there are hydrated compounds in the composite structure, the removal of hydrated water can reach
160 °C. At higher temperatures, volatile chemical compounds may be removed from the composite
structure. Chemically, the thermal decomposition phase starts after a temperature of about 260 °C and
occurs very quickly. Inorganic impurities remaining in the polyester composite without decomposition

can remain in the composition of the waste ash above 700 °C [11-13].

Nanoparticles have started to be used thanks to the technological developments that have
developed in addition to micro-structure additives and fillers. It has been determined that nanoparticles
such as carbon nanotubes and graphene strengthen the mechanical and physical properties of the

polyester composite. In the researches, carbon nanotube and graphene reinforcement gave good results
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in mechanical tests of the polyester nanocomposite, even at low mass ratios. Also, nanoparticles such as

nano-silica and glass fiber improve the mechanical properties of the polyester composite [14-16].

In other studies, on unsaturated polyester, thermal decomposition kinetics of the reinforced
composites have been investigated. Using the model equations in the literature, results can be evaluated
with thermogravimetric analysis for the polyester composites [17-19].

When the studies in the literature are examined, although there are studies in which GNP, SiC
and FS nanoparticles are used separately, there is no study in which all three are used together. In this
study, GNP, SiC, and FS were used as reinforced nanoparticles in unsaturated polyester. The effects of
these nanoparticles on the thermal conductivity coefficient, Shore D hardness, density, and thermal
stability of the produced composite have been evaluated. The reinforcement of these nano-sized particles
can improve some desired properties of the polyester composite.

2. MATERIAL AND METHOD

2.1 Materials

Orthophthalic based unsaturated polyester resin (UP), methyl ethyl ketone peroxide (MEKP),
and cobalt octoate (Co. Oc.) used in this study were supplied from Turkuaz Company. Graphene (GNP)
i 99.9% pure, 3nm thick, 1.5 um in diameter, 2267 kg/m3 density, and has a surface area of 800 m2/g.
Fumed Silica (Aerosil 300) has a purity of 99.8%, a surface area of 300 m2/g, a tamped density of 55
kg/m3, and a particle diameter of 7 nm. Silicon Carbide (SiC) has 99.5% purity, 50-70 nm size, 3320

kg/m3 density, and 40-85 m2/g surface area. All nanoparticles have been supplied from Nanography.

2.2 Methods

Table 1 shows the utilization rates of nanoparticles in the polyester nanocomposite, and Figure
1 shows the production scheme of the nanocomposite obtained with synthesized unsaturated polyester.
Free radical decomposition can occur rapidly by cobalt ions by redox reactions at low temperatures, and

free radicals can be formed.
ROOH+Co2+L2 o(—-L1k 1 )ROe + OH- + Co3+L3 (1)
ROOH+Co03+L3 o(—-1k 2 ) [ROOHC03+L3] —L1k 3 ROOe + H++ Co2+L2 (2)

Free radicals (ROe® and ROOe) and octoate compound (L) are seen in chemical reactions (1)
and (2) [20].

123



C. Yanen and E. Aydogmus / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 121-132

Table 1. Experimental study plan of nanoparticles

Sample No  Nanoparticle Ratio (wt.%)  UP (wt.%) MEKP (wt.%) Co. Oc. (Wt.%)
1 0.0 98.4 1.2 0.4
2 0.2 98.2 1.2 0.4
3 0.4 98.0 1.2 0.4
4 0.6 97.8 1.2 0.4
5 0.8 97.6 1.2 0.4
6 1.0 97.4 1.2 0.4

Cobalt Octoate

i MEKP 1]
Mixing Curing Time 1 Day

I
s = e L[
I

Mixing 1000 rpm 2 min. l:l

Figure 1. Experimental working scheme of the produced polyester nanocomposite

Nanoparticles

z

2.3 Thermal Decomposition Kinetic

In the equations below, the conversion rate (a) is expressed as initial mass (Mi), final residual
mass (Mf), and time-varying mass (Mt). The thermal degradation of polyester nanocomposite has been
investigated by chemical reaction kinetics. Here, reaction rate constants (k1, and k2), degree of chemical
reaction (m, and n), rate of temperature increase (p), and conversion function (f(a))) are used in the
equations. The change of conversion with time in a chemical reaction is shown in Eq. 2, and the change
of conversion with temperature is shown in Eq. 5. The thermal degradation kinetics of the produced
polyester nanocomposites have been modeled according to Equation 6 by performing the necessary
integration processes after the equations are arranged. The model equation of the conversion rate (o)

obtained by making the necessary simplifications, depending on the temperature (T), K, ki, and k; are

givenin Eq. 7.
Mt_Mf
a=———— (1)
Mi_Mf
da
k() f
5~ k(M) T(a) (2)
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f(a)=1-a)" 3)
k(T):(kl"'kz'T)m (4)
da 1 m N

ﬁzﬁ((kﬁkz.n )1-a) (5)

(1_a)l_n _ (kl +T 'kz)m+1
(n-1)  B-(m+1)-k,

(6)

(m+1)
k) Em
K

] (7)

The thermal decomposition behavior of the polyester nanocomposite has been re-improved with
the help of kinetic equations in the literature [21-30].

3. RESULTS AND DISCUSSIONS

When the results obtained in the experimental studies have been evaluated, it is determined that
the thermal conductivity coefficient of the polyester nanocomposite rose as the GNP ratio increased.
When Figure 2 has been examined in detail, it is seen that the thermal conductivity coefficient of the
obtained polyester nanocomposite is increased by GNP and SiC nanoparticles, while FS decreased it. In
other words, FS nanoparticles improved the insulation property of the produced polyester

nanocomposite.

In Figure 3, although the Shore D hardness of GNP reinforced polyester nanocomposite tends
to increase, it does not change much at high rates. It is seen that the Shore D hardness increases as the
SiC nanoparticle ratio (wt%) rise in the polyester nanocomposite. It has been determined that polyester

nanocomposite FS reinforcement also increased Shore D hardness.

In Figure 4, the effect of the nanoparticle ratio in the polyester on the density of the
nanocomposite has been evaluated. Although the density of polyester nanocomposite reinforced with

SiC and GNP nanoparticles increased, the addition of FS filler decreased the density of the composite.
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In Figure 5, the thermal degradation behavior of the nanoparticles has been compared with the
temperature increase. The fastest thermal decomposition is observed in pure unsaturated polyester, and
the slowest thermal degradation is seen with 1 wt% FS reinforced polyester nanocomposite. The thermal

stability of 1% GNP reinforced polyester nanocomposite is found to be better than 1% SiC reinforced
nanocomposite.
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Figure 5. Effect of GNP, SiC, and FS reinforcement on thermal decomposition of the polyester nanocomposite
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Thermal decomposition experiments of the polyester nanocomposite have been carried out in
the PID-controlled system with a temperature increase of 10 K/min. The thermal degradation behavior
of polyester nanocomposite has been evaluated with conventional thermogravimetric analysis. The mass
losses of polyester nanocomposites shown in Figure 5 are applied to the kinetic model in Equation 7.
The correlation coefficients calculated with the help of statistical analyzes are given in Table 2. In Table
3, the calculated root mean square error (RMSE), a sum of squares total (SST), chi-square (x?), and
correlation coefficients (R?) values are expressed. The compatibility between the experimental data and

the theoretical model has been determined by the minimum error functions and the maximum R? values.

Table 2. Coefficients of the kinetic model found in Equation 7

Experiments k1 k2 (1/°C) m n K
Pure UP -1.51911 0.00519 -0.61686  0.02694  1.17309
1 wt% SiC -6.39970 0.02136 -0.57548  0.60183  5.32471

1 wt% GNP -4.85423 0.01625 -0.53986  0.62924  5.45855
1 wt% FS -7.15376 0.02409 -0.49685  0.60897  6.82943

Table 3. Evaluation of the kinetic model with statistical analysis

Experiments RMSE SST R? a
Pure UP 0.03802 0.64332 0.97581 0.08265
1 wt% SiC 0.06033 0.72420 0.96298 0.08160
1 wt% GNP 0.01521 0.58075 0.98114 0.07374
1 wt% FS 0.02901 0.59884 0.97760 0.08027

4. CONCLUSION
When the experimental results of the produced polyester nanocomposites have been evaluated:

(i) FS reinforced composite had the highest thermal stability, while pure polyester
nanocomposite (UP) had the lowest.

(ii) The lowest density and thermal conductivity coefficient have been obtained in FS added
polyester nanocomposite [31-33]. The thermal conductivity coefficient of polyester nanocomposite was
lowered by 12.5% due to FS reinforcement.

(iii) With SiC filler, polyester nanocomposite has got maximum Shore D hardness [34-36]. SiC
nanoparticles increased the Shore D hardness of the polyester nanocomposite by 5.26% in the sample
with 0.1% reinforcement. This ratio was 3.85% for 0.1% supplemented FS and 1.9% for 0.4% GNP.

(v) Obtained with the highest density polyester nanocomposite SiC reinforcement.

(iv) Graphene nanoparticle (GNP) increased the thermal conductivity coefficient of polyester

nanocomposite the most. The thermal conductivity coefficient of the generated polyester nanocomposite
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was improved by roughly 64% and 39%, respectively, with the addition of GNP and SiC nanoparticle

reinforcements.

Hence, FS nanoparticles should be preferred to produce a composite with low density, good
insulating properties, and high thermal stability. SiC nanoparticles may be used to obtain polyester
nanocomposites with high density and hardness. GNP nanoparticles can be preferred to synthesize
polyester nanocomposites with high thermal conductivity.
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Oz

Geleneksel Urfa evlerinde ahsap malzeme; tavanlar, duvar kaplamalari,
dolap kapaklar1 ile kapi1 ve pencere dogramalarinda yaygin olarak
kullanilmustir. Caligma kapsaminda geleneksel Urfa evlerinin ahsap tavan
yapim teknikleri ve bezeme 6zellikleri incelenmis; ahsap kirigli tavan, diiz
tavan ve tekne tavan yapim teknikleri ile ¢itali, aplike ve kalem isi ahsap
tavan siislemeleri detayli olarak anlatilmigtir. Diiz ahsap kaplama
tavanlarda siisleme icin ¢itali ve aplike siisleme ile oyma ve boyama
tekniklerinden bir veya birkaci1 kullanilirken tekne tavanlarda bunlara ek
olarak ahsap malzeme iizerine kalem isi siislemelerin yapildigi
gorilmiistiir.

ABSTRACT

Wooden material in traditional Urfa houses; It has been widely used in
ceilings, wall coverings, cabinet doors, and door and window joinery.
Within the scope of this study, wooden ceiling construction techniques and
decoration features of traditional Urfa houses were examined; wooden
beamed ceiling, wooden ceiling and boat ceiling construction techniques
and wooden ceiling decorations with lath, applique and hand drawn are
explained in detail. As a result of the research; it has been observed that
while one or more of the laths and applique decoration and carving and
painting techniques are used for decoration on the flat wooden coated
ceilings, in addition to these, hand-carved ornaments on the wooden
material were used on the boat ceilings.
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1. GIRIS

Kiiltlir mirastmizda 6nemli bir yeri olan geleneksel Urfa evleri, mimari 6zellikleri ve yapim
detaylartyla goze garpar. Evlerin ana yapim malzemesi kireg tasidir. Sokaga kapali, ige doniik tasarlanan
geleneksel Urfa evlerinin bol siislemeli avlu cephelerinde, tas is¢iliginin en giizel 6rneklerini gérmek
miimkiindiir. Tag malzemeden sonra yogun olarak kullanilan bir diger malzeme ise ahsaptir. Evlerin
tavanlarinda, duvar kaplamalarinda, nis ve dolap kapaklari ile kap1 ve pencere dogramalarinda ahsap

malzeme kullanilmustir.

Geleneksel Urfa Evlerinin mimari o6zellikleri ile ilgili yapilmis ¢alismalar sinirlidir [1-5].
Evlerin ahsap tavanlarinin yapim teknikleri ve siislemeleri konusunda ise kapsamli arastirmalar bugiine
kadar yapilmamistir. Bu konudaki bilgiler, tek yap1 Olgeginde yapilan restorasyon uygulamalari

¢aligmalarinda kismen anlatilmistir [3].

Son yillarda geleneksel yapilarda kullanilan ahsap malzemenin &zellikleri, korunmasi ve
onarimi konusunda yapilan bilimsel galigma, etkinlik ve yayinlarin artmis olmasi, tarihi yapilarda
kullanilan ahsap malzemenin korunmasi konusunda biling diizeyinin yiikselmesini saglamistir [6-14].
Koruma c¢alismalarinin ilk asamasmin bilimsel tespit ve belgeleme calismasi oldugu ilkesinden
hareketle; mimari mirasin korunmasi ve siirdiirtilebilirligi igin geleneksel malzemenin 6zelliklerinin ve
yapim tekniklerinin bilinmesinin gerekliligi, arastirmacilari geleneksel Urfa evlerinin ahgap tavan yapim
teknikleri ve siislemeleri konusunda calismaya yonlendirmistir. Bu arastirma sonucunda elde edilen
bilgilerin geleneksel Urfa evlerinin korunmasi ve ahsap yapim tekniklerinin belgelenmesi ¢alismalarina

katki sunmas1 hedeflenmistir.

2. MATERYAL VE METOT

Arastirmanin ana konusunu Sanliurfa tarihi kent merkezinde yer alan ve “gelencksel Urfa
evleri” olarak adlandirilan tarihi evler olusturmaktadir. Geleneksel Urfa evleri avlulu plan diizeninde
yapilmigtir. Zemin katinda yasama mekanlar1 olan avlu, oda, eyvan ile servis mekanlar1 olan mutfak
(tandirlik), kiler (zerzembe), ahir (develik), hamam (banyo) ve tuvalet (hela) bir arada bulunur. Birinci
katta ise daha ¢ok yasama mekanlari yer alir. Oda, eyvan, gezenek gibi kapali, yar1 acik ve agik yasama
mekanlarinin yani sira bazen tuvalet ve mutfak gibi servis mekanlari da iist kattadir [ 1-2]. Bu mekanlarin
tavanlari, genellikle zemin katlarda kire¢ tasindan yapilmis besik tonoz veya capraz tonoz, {ist katlarda
ise farkli tekniklerde yapilmis ahsap tavanlardir. I¢ mekanlar dekore edilirken en ¢ok ahsap tavanlar
iizerine yogunlagilmistir. Birgok evde odalarin ve eyvanlarin ahsap tavanlan siislemeleriyle dikkat

ceker. Basodalarin ahgap tavanlar1 diger mekanlarin ahsap tavanlarindan daha gosterislidir.
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Ust ortiisiinde ahsap malzemenin kullanildig: kapali (oda) ve yar1 agik mekanlar (eyvan), kare
ya da dikdortgen formlardadir. Odalarin eni genellikle 3 - 4 m, uzunlugu da 4 - 6 m arasinda degisir [3].
Bazi ender 6rneklerde oda boyutlari 3,8 x 7,8 m veya 5 x 8 m 6l¢lilmiistiir. Boyutlar1 biiyiik olan odalar
evlerin basodalaridir. Eyvanlar ise genellikle 3,00-3,60 m genisliginde, 4 - 5 m uzunlugundadir. Daha

kii¢iik boyutlu olan 6rneklere de rastlanilmustir [1].

Bu ¢alisma kapsaminda, geleneksel Urfa evlerinde ahsap malzeme ile yapilmis tavanlar ve
stislemeler incelenmistir. Evler segilirken farkli yapim teknikleri ve siislemelerin yer aldigi 6rnekler
secilmistir. Incelenen tiim yapilarin fotografla belgeleme galismalar1 yapilmus, yikilan bazi evlerin ise
arsivlerde bulunan fotograflarindan faydalanilmistir. Bir kismi yikilan tavanlar incelenerek yapim
detaylar belgelenmistir. Yapim teknikleri konusunda yerinde yapilan inceleme ve gézlemlerin yaninda
hem literatiir taramasi yapilmis hem de ahsap ve tas ustalariyla [15] goriisiilerek detayli bilgi

edinilmistir. Bu bilgiler fotograf ve ¢izimlerle aktarilmistir.

3. ARASTIRMA BULGULARI

3.1 Geleneksel Urfa Evlerinin Ahsap Tavan Yapim Teknikleri

Geleneksel Urfa evlerinde {i¢ tip ahsap tavan yapimi tespit edilmistir. Ahsap kirisler alttan yalin,
kaplamasiz birakilarak “ahsap kirisli tavan (ters tavan)”, ahsap kirislere alttan ahsap kaplama yapilarak
“ahsap kaplama tavan (diiz ahsap kaplama tavan)” ve yanlarda kademeli kat kat pervazlar cakilip tavanin

ortasi diiz birakilarak “tekne tavan” yapilmustir [2].

3.1.1 Ahsap Kirisli Tavan (Ters Tavan)

Ahsap kirigli tavan, yuvarlak kesitli ahsap kirislerin yan yana getirilmesi ve iizerlerine ahsap
kaplama tahtalarinin ¢akilmasi ile olusturulmustur (Sekil 1). Tavan kirislerine iistten ¢cakilan ahgap tavan
kaplamalar1 farkli baglant: teknikleri kullanilarak yapilmistir. Yan yana ¢akilan kaplama tahtalar1 ahsap
kirislerin aksine odalarin uzun kenar1 dogrultusunda yerlestirilmistir. Bu uygulama tiirlerinde yuvarlak

Kesitli ahsap kiriglerin tavanda goriinmesi i¢ mekana hareket katmustir.

Tas1yici olan ahsap kirisler dut ve kavak agacindan yapilmistir. Kirisler 15-25 cm ¢apinda olup
boylar1 bulunduklar1 odanin 6lgiilerine gore belirlenmistir. Bu kirigler odalarin kisa kenarlar1 boyunca
yaklasik 20-40 cm araliklarla dizilmistir. Ahsap kiris araliklari, kirislerin kesitlerine gore belirlenmistir.
Tasiyicihigt daha az olan ince kesitli kirigler daha sik atilmigtir (Sekil 1.b). Ahsap kiriglerin her iki
ucunun duvarlara oturdugu kisimlar ahsap yastikla desteklenerek yiizey bosluklar1 kapatilmus, kirisler
duvar iglerine yaklasik 20-25 cm harg ile yerlestirilip sabitlenmistir. Bazi uygulamalarda ahsap kiriglerin

tizeri boyanmugtir.
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Sekil 1. Ahsap kirisli tavanlar

3.1.2 Ahsap Kaplama Tavan (Diiz Tavan)

Alttan diiz ahsap malzeme ile kaplama yapilan ahsap kirisli tavanlara “ahsap kaplama tavan”
veya “diiz tavan” denilmektedir. Tavanlarda kullanilan kaplama tahtalar1 tstteki tasiyici kiriglere
baglanti elemanlart ile alttan uygulandigi igin yuvarlak kesitli tavan kirisleri goriinmez. Bazi
uygulamalarda kaplama isleminden sonra tavan ve duvarin birlestigi yerlerdeki acikliklar ahsap

pervazlar ile kapatilmigtir (Sekil 2-3).

Diiz ahsap kaplama tavanlarda farkli yapim teknikleri kullanilmistir. Yan yana ¢akilan kaplama
tahtalari, enlemesine dizilerek “boy/en birlestirme” ve “diiz birlestirme” veya yanlarinda boydan boya
acilan oluklarla birbirlerine baglanarak “kinisli birlestirme” teknikleri uygulanarak birlestirilmistir
Tahtalar, oda kenarindan baglayarak kars1 kenara dogru yan yana dizilir. 0,5-1,5 cm kalinliginda, 8-12

cm genisligindeki ahsap malzemeden diiz bir tavan olusturulur.

Ahsap kaplama tavanlarda zengin ahsap isciliginin yer aldigi, farkli siisleme teknikleriyle
yapilmis tavan 6rneklerine rastlanmaktadir. Genellikle bu tavanlarin orta gobeklerinde ve dort kenarinda

aplike siislemeler yapilmistir (Sekil 2.b).

Geleneksel uygulamalarda tavan kaplama tahtalar1 yan yana diiz birlestirme tekniginde
cakilirken, birlestirme yerlerinde olabilecek agikliklar ¢italar ¢akilarak kapatilmistir. Bu uygulamaya
“pasal1 tavan teknigi”, tavanlara “pasali tavan” denir [16]. (Sekil 3.b). Iki tahta arasindaki acikligi

kapatmak i¢in agikligin iizerine ¢akilan ¢ita siisleme, iki tahtanin birbirini daha iyi tutmasini saglar.
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a. Yalin birakilmis ahsap diiz tavan b. Yiizeyi kaplanmig ahsap diiz tavan

Sekil 2. Ahsap kaplama diiz tavanlar

Sekil 3. Pasali ahsap kaplama diiz tavanlar

3.1.3 Tekne Tavan

Geleneksel Urfa evlerinde uygulanan tekne tavanlar bagdadi teknigiyle veya ahsap kaplama
teknigiyle yapilmistir. Giiniimiize ulasan 6rneklerinde siislemelerin ¢esitliligi ve zenginligi gdze ¢arpar

(Sekil 4-7)

Bagdadi tekniginde yapilan tekne tavanlarda, oncelikle ahsap kirigli tavan (ters tavan) yapilir.
Burada kullanilan ahsap kirisler alttan goriilmedigi i¢in sade ve 6zensizdir. Agag kirigler iizerine bagdadi
citalar yanyana g¢akilarak dizilir. Citalarin {izerine bagdadi sivasi vurulur, siva lizerine de diiz boya
yapilir. Bagdadi c¢italar genellikle 1cm kalinlikta, 2-3 ¢cm genisliginde olur. Tavanlarda kenar ile orta
boliim arasinda diizey farkinin bulundugu ve tavanin ortasinin tekne gibi girgin oldugu goriiliir (Sekil
4-5). Kenarlardan kavislenen bagdadi siva ile yapilan pervazdan igeriye dogru tavan daraltilarak [2].
(Sekil 4); ortas1 kare, dikdortgen (Sekil 5.a.) veya kubbe (elips) seklinde bir yiizey olusturulur (Sekil
5.b.). Tekne tavan uygulamalarinda yapilan Kavisli pervazlar sac, bagdadi siva veya ahsap ile
yapilmustir.
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Sekil 5. a, b. Bagdadi tekniginde yapilan dértgen ve elips tekne tavanlar - Akyiizler evi [18]

Ahsap kaplama tekniginde yapilan tekne tavanlarda, ilk asamada diiz ahsap tavan yapim teknigi
uygulanarak tavanin zemini, daha sonra da zemin iizerine, yan taraflara kat kat olarak pervazlar ¢akilip

tavan olusturulur. Pervaz ile tavanin zemini arasinda yaklagik 15-20 cm kot farki bulunur [19].

Sekil 6. Yalin birakilmis ahsap tekne tavanlar
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Bazi evlerde ahsap yiizey iizerine, beyaz, krem, kahverengi ve ¢ogunlukla yesil renkli boya
stiriilmiis keten kumas gerilip ahsap citalar ¢cakilmistir. Boylece uygulanan ¢itali ve aplike siislemeler

ile ahsap tekne tavanlarin yapimi tamamlanir (Sekil 7).

g

Sekil 7. Boyanmuis ve/veya kumas kaplanmis, ¢itali ahsap tekne tavanlar
Tekne tavan yapimi Kaliteli is¢ilik ve maliyet gerektirdiginden, genellikle iyi gelirli ailelerin

evlerinde, basodalarda gériilmektedir.

3.2 Geleneksel Urfa Evlerinde Tavan Siuislemeleri

Geleneksel Urfa evlerinde tavan siislemelerinde ¢itakari, aplike ve kalem isi siisleme teknikleri

uygulanmistir. Bazi tavanlarda bu tekniklerin ikisi veya {i¢ii birden kullanilmistir.

3.2.1 Citah (Citakari) Tavan Siislemeleri

Citali tavanlar, ahsap tavan yiizeyine farkli sekillerde ¢italar kullanilarak g¢esitli desenlerin
yapildig1 bir uygulamadir. Diiz ahsap kaplama tavanlarda ¢italarin farkli geometrik sekillerde veya yalin
olarak kullanilmasiyla yapilan siislemelere “citali siislemeler”, bu siislemelerin yapildig1 tavanlara da

“cital1 tavanlar” denilmektedir [20].
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“Citakari” tavan siislemesi de denilen ¢itali siislemelere ve tavanlara geleneksel Urfa evlerinde
siklikla rastlanmaktadir (Sekil 7-9). Genellikle bu ¢italar ahsabin dogal renginde veya kahverengiye
boyanmis olarak kullanilmigtir. Bu ahsap c¢italarin bir araya getirilmesiyle olusturulan motifler, zemin
tizerine c¢akilarak veya yapistirilarak uygulanmistir. Citalarla tavan zemininde tiggen, dortgen, baklava
dilimi, iki veya ii¢ ucunda tiggen motifli dértgen, ince uzun altigen vb. formlarda motifler yapilmustir.

Cital1 tavanlar genellikle ahsap ¢italarla ayni renkte pervazlarla ¢evrilidir.

Bazi citali tavanlarin gobeklerinde yogun iscilikle yapilmig “aplike siislemeler” vardir. Bu
yontemde genellikle tavan ortasina ajur tekniginde yapilmis gobek, etrafinda ¢ita ve bordiir tahtalarindan

olusan ¢itakari teknigi ile stislemeler uygulanmustir [19] (Sekil 7a, 7b, 7c, 7e, 79).

b

Sekil 8. Kumas gerilerek kaplanan ve ¢italarla siislemelerin yapildig: tavanlar
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3.2.2 Aplike Tavan Siislemeleri

Bir seklin iizerine c¢izilen motiflerin ¢esitli aletler yardimiyla oyulmasi sonucu siisleme

elemanlarinin olusturulmasina “ajur teknigi”, elde edilen siisleme elemanlarinin dis yiizeylerinin motife
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uygun olarak yontulup bigimlendirildikten sonra yiizeye yapistirilmast veya ¢akilmasi sonucu olusan
stislemelere “aplike siislemeler” denir [19]. Bu teknikle hazirlanan, 6zenle islenmis motifler, geleneksel
Urfa evlerindeki 6zellikle basodalarin tavanlarini siislemektedir. Diiz ahgap kaplama tavanlarda ve tekne
tavanlarda yapilan aplike siislemelerin monte edildigi bu tavanlara da “gobekli tavanlar” denilmektedir

(Sekil 6, Sekil 7a, 7b, 7c, 7e, 79, Sekil 10-12).

Aplike siislemeler ile yapilan tavan gobekleri, tavan kaplama tahtalar sabitlendikten sonra tavan
yiizeyine, tavani ortalayarak yerlestirilir. Baz1 gdbekli tavan siislemelerinde koruyucu malzeme
stirlilerek dogal haliyle birakilan ahsap tavan zeminin sadece ortasina yine ahsaptan oyularak yapilan
bir gobek (ajur teknigi ile yapilmis siisleme) ile yalin bir stisleme tercih edilirken (Sekil 10), bazilarinda

ahsap tavan kaplamasi lizerine gerilmis boyali keten kumas tlizerine siislemeler uygulanmistir (Sekil 11).

Geleneksel Urfa evlerinde aplike tavan siislemeleri yaygin olarak kullanilmistir. Bu uygulamada
stisleme, ortada tam bir dairesel gobek ve dort kosede ceyrek gobekler seklinde yapilmustir. Tual
malzemesine benzer boyali keten kumas, ahsap kaplama malzemesinin lizerine gerildikten sonra {izerine
aplike siisleme elemanlar1 ve ahsap ¢italar ¢akilarak tavan siislenir. Ahsap ig¢iliginin zengin 6rneklerinin
sunuldugu bu tavanlar oldukca 6zenli olur. Tavandaki aplike siislemeler hem kendi i¢inde hem de diger

citali stislemelerle belirli bir geometrik diizen igerisinde yapilmustir (Sekil 11-13).

Sekil 10. Ajur teknigi ile yapilmis ahsap gobek siislemesi
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Sekil 12. Aplike tavan siislemelerinin uygulandigi tavan ¢izimleri
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3.2.3 Kalem isi Tavan Siislemeleri

Geleneksel Urfa evlerinde kalem isi siislemeler fazla yaygin olmayip daha ¢ok iyi gelirli
ailelerin evlerinde, bagdadi teknikle yapilmis elips ve daire formundaki tekne tavanlarda goriiliir.
Tavanlarda yapilan kalem isi siislemelerde genellikle kivrim dal, yaprak, ¢icek, vazo ve saksi
motiflerinin uygulandigi goriilmiistiir [2,5]. I¢ mekanlardaki kalem isi siislemeler, tekne tavanlarin
bordiirlerinde ve duvarlarin st boliimlerinde devam etmistir (Sekil 13). Tekne tavanlarda kalem isi
stislemeler al¢1 lizerine veya kuru siva iizerine, dogal olarak elde edilen bir toprak boya olan as1 boyasi

ile yapilmstir.

Osmanli Dénemi’nde Urfa’daki mimarlik sanati ile birlikte gelisen ve plastik sanatlarin dnemli
kollarindan biri olan kalem isi siislemelerin ¢ok eski drnekleri giiniimiize ulasmamistir. Mevcut 6rnekler
ve eski fotograflardan goriilen bircok evin tavanindaki kalem isi 6rnekler bu sanatin 19. Yiizyilda

Urfa’da ulastig1 boyutu gostermesi agisindan onemlidir (Sekil 14) [21].

c. Akylizler Evi [17] d. Bagdadi Koskii’niin tavani [21]

Sekil 13. Bagdadi tekniginde yapilan tekne tavanlarinda goriilen kalem igi stislemeler

143



S. I Gayberi ve N. Dalkili¢ / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 133-146

e

Sekil 14. Ermeni aileye ait evin tavaninda yer alan ve 2009 yilindaki restorasyon sirasinda silinen, melek figiirlii
kalem igi tavan stislemesi [21]

Kalem isi siislemelerin 6mri, lizerine islendigi ylizeyin émriine bagli oldugu i¢in bu siislemeler
dis etkenlerden kolaylikla zarar gormektedir. Siislemelerin yapildig: yiizeylerdeki kopmalar/aginmalar,
ortamdaki rutubet/nem gibi bazi1 faktdrler ile uzun siire bakimsiz kalmasi kalem isi siislemelerin zarar

gdrmesine neden olmaktadir.

4. SONUCLAR

Bu calismayla, geleneksel Urfa evlerinde ahsap tavan yapim ve siisleme tekniginin yetkinlik,

ustalik, emek ve sabirla elde edilen 6zgiin ve ayricalikli yonleri ortaya ¢ikarilmistir.

Geleneksel Urfa Evlerinin en 6zellikli boliimlerinden biri olan, farkli teknikteki yapim
sistemleri ve siislemeleriyle i¢ mekana zenginlik katan ahsap tavanlar; ev sahibinin gelir diizeyine,
begenilerine ve taleplerine, tavanin yapildigi mekanin evin igindeki iglevi ve konumuna, malzemenin
kalitesine ve ustanin el becerisine gore sekillenmistir. Iyi gelirli ailelerin evlerinde bol siislemeli,
bagdadi teknikle yapilmis ahsap tekne tavanlar goriiliirken daha diistik gelirli ailelerin evlerinde ahsap

kirigli tavanlar ve diiz ahsap kaplama tavanlarin yapildigi tespit edilmistir.

Geleneksel Urfa evlerinde ahsap tavanlarin biiyiik boliimii, diizenli bakim ve onarimlari
yapilmadig1 icin zarar gormils ya da insan eliyle bilingli olarak yiktirilmistir. Eski fotograflardan

goriildiigii tizere, her biri birbirinden nitelikli cok sayida ahsap tavan giiniimiize ulasmamustir.
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Geleneksel Urfa evlerinin ahsap tavan yapim teknikleri ve siislemeleri konusunda kapsamli ilk
arastirma Olan bu ¢alisma sonucunda; ahsap malzemenin 6zellikleri ve restorasyonu konusunda yetismis
eleman sikintis1 yasanmasinin ve ahsap malzemenin 6zelliklerinin yeterince bilinmemesinin koruma
sorunlarinin baginda geldigi goriilmiistiir. Evlerde kullanilan ahgsap malzemenin kimyasal, fiziksel ve
biyolojik 6zellikleri ile ahsap malzemenin bozulma tiirleri ve nedenleri aragtirilmali, koruma yontemleri

gelistirilmelidir.
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0z

Bu calismada, ¢ekirdek yap1 malzemesi olarak bitki bazli ve yenilenebilir
kaynaklardan iiretilen polilaktik asit (PLA) ve petrol bazli iiretilen
Akrilonitril-butadien-stiren  (ABS) se¢ilmis ve yiizey kapaklar
polyester/cam fiber kompozitler kullanilmis ve sandvi¢ levhalar
iiretilmistir. Cekirdek yapi malzemesi iiretiminde baski isleminin hizli ve
kolay yapilabilmesi gibi avantajlarindan dolay1 ergiyik biriktirme yontemi
kullanilmustir. Cekirdek malzemeleri 3B yazici kullanilarak ti¢ farkli hiicre
boyutu ve ii¢ farkli hiicre yiiksekliginde imal edilmistir. Numunelere 3
nokta egilme testleri uygulanmis ve kuvvet-yer degistirme grafikleri elde
edilmistir. Elde edilen sonuclar grafikler halinde sunulmustur. Ug nokta
egilme deneyleri sonrasi hasar tipleri incelenmis ve baskin hasar tiplerinin
katmanlar arast kopma ve kayma hasar1 oldugu goriilmiistiir. Bu durumun
oniline gegilebilmesi 3 boyutlu yazict kullanilarak ergiyik biriktirme
yontemi ile tiretilen PLA termoplastik kullanilarak iiretilmis numunelere
ikinci asamada sicaklik ve basing uygulanmistir. PLA malzemeden {iretilen
numunelerin ABS malzemeden iiretilen numunelere gore daha yiiksek
egilme dayanimina sahip olduklar: goriilmiistiir.

ABSTRACT

In this study, polylactic acid (PLA) produced from plant-based and
renewable resources and Acrylonitrile-butadiene-styrene (ABS) produced
petroleum-based were selected as core building materials and
polyester/glass fiber composites were used for surface covers and
sandwich composite sheets were produced. In the production of core
building materials, fused deposition modeling has been used due to its
advantages such as fast and easy printing. Core materials were fabricated
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in three different cell sizes and three different cell heights using a 3D
printer. Three-point bending tests were applied to the samples and load-
displacement graphs were obtained. Obtained results are presented in
graphics. After three-point bending tests, damage types were examined and
it was seen that the dominant damage types were interlayer rupture and
shear damage. In order to prevent this situation, temperature and pressure
were applied to the samples produced using a 3D printer in the second
stage. It was observed that the samples produced from PLA material had
higher flexural strength than the samples produced from ABS material.

1. GIRIS

Kompozit malzemeler istenilen 6zelliklerin elde edilebilmesi i¢in iki veya daha fazla
malzemenin birlestirilmesiyle olusturulurlar. Sahip olduklar yiiksek mukavemet ve diisiik kiitle orani
gibi Ozellikleri sayesinde gilinlimiizde miihendislik uygulamalarinda kullanilan temel bilesenlerden
birisidir [1-4]. Bu uygulamalarin kullanildigi alanlarin basinda havacilik sektorii gelmektedir.
Havacilikta kullanilan malzemelerden beklenen yiiksek dayanim ve hafiflik fiber takviyeli kompozit
malzemeler ile saglanmaktadir [5—8]. Bunun yami sira kompozit malzemeler, helikopterin rotor
yapilarinda [9], petrokimya endiistrisindeki borulama ve depolama tanklarinda [10], denizcilik
endiistrisinde [11-16] kullanilmaktadir. Insaat endiistrisinde kompozitler, beton direklere [17] ve koprii
tabliyelerine [18] takviye olarak kullanilmaktadir. Aynm1 zamanda savunma sanayinde kompozit
malzemeler ¢ok sik kullanilmaktadir [19, 20]. Sandvi¢ kompozitler; ayni veya farkli malzemelerden
olusan iki ylizey kapagi ve bunlara gore nispeten daha kalin bir g¢ekirdek yapinin yapistirict ile
birlestirilmesiyle elde edilen kompozit malzeme olarak tamimlanabilir [21]. Yiiksek
mukavemet/yogunluk oranina sahip olan sandvi¢ kompozitler tizerine yapilan pek ¢ok ¢aligma vardir
[22-26]. Giiniimiizde hem ¢ekirdek hem de yiizey kapak malzemesi kombinasyonlarinin degistirilerek
kullanildig1 pek ¢ok ¢alisma vardir. Yiizey kapak malzemesi olarak karbon ve cam esasli kompozit
malzemeler, ¢ekirdek malzemesi olarak ise Nomex, aliiminyum, kompozit malzemeler ve plastik esasl

riinler kullanilmaktadir [27-31].

Fiedler ve Ochsner tarafindan yapilan bir ¢alismada farkli hiicre modelindeki sandvig yapilarin
egilme davranmiglarii incelemislerdir. Bu yapilara iic nokta egilme testleri yapilarak, egilme
dayanimlarin1 ve numunelerde meydana gelen hasar tiplerini belirlemislerdir. Sandvi¢ yapilarda hiicre

malzemesi olarak; petek, aliiminyum, kdpiik ve kiire seklinde bosluklu metal yapilar tercih etmislerdir
[32].

Galleti ve arkadaslar1 tarafindan gerceklestirilen ¢aligmada bal petegi kompozit levhalar
egilmeye maruz birakilarak, meydana gelen hasar tipleri ve egilme mukavemetleri incelenmistir.
Numunelerde meydana gelen hasar olusumunun alt ve iist tabakanin yiizey kapak malzemesinin

mekanik dayaniminin asildigi durumlarda olustugunu gézlemlemislerdir [33].
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Banghai ve arkadaglar1 gergeklestirdikleri bir ¢alismada ¢ekirdek yapinin kdpiikten iiretildigi
sandvi¢ kompozitlerin hasar tiplerini ii¢ nokta egilme testi ile analitik metotla incelemislerdir. Yapilan
calisma sonucunda yiizey malzemesi hasari, ¢cekirdek kayma hasar1 ve ¢okme gibi hasar tiplerinin tespit
edilmesi amaglanmistir. Teorik analizlerin sonuglarini yorumlayabilmek i¢in {i¢ nokta egilme testlerini
de gerceklestirmislerdir. Sonug olarak analitik yontem ile elde edilen hasar tipleri ve maksimum kritik

hasar yiikiiniin deneysel sonuglar ile uyumlu oldugunu gérmiislerdir [34].

Shi ve arkadaslar1 gerceklestirdikleri bir ¢calismada bal petegi sandvig kompozitlerin ¢ekirdek
yapisina aliiminyum takviyeler yapmis ve iic nokta egilme deneyi ile bu takviyelerin egilme
mukavemetine etkisini aragtirmiglardir. Sonug olarak takviye yapilan numunelerin daha agir oldugu
0zgiil mukavemet, enerji emme ve hasar yiik degerlerinin takviyesiz olanlara gore daha yiiksek oldugunu

belirlemislerdir [35].

Kowalska ve arkadaslan gerceklestirdikleri bir ¢alismada bal petegi sandvig yapili numunelerin
egilme davranislarini ii¢ nokta ve dort nokta egilme deneyi ile incelemislerdir. Sonug olarak bal petegi
sandvi¢ yapilarin maruz birakildigir sehim miktari arttikga yiik degerlerinin de arttigini belirtmislerdir
[36].

Sandvi¢ kompozit yapilar ile ilgili literatiir ¢aligmalar incelendiginde, sandvi¢ levhalarda
¢ekirdek yapinin mekanik 6zellikler {izerinde biiyiik etkiye sahip oldugu goriilmiistiir. Bu nedenle
literatiirde yapilan caligmalar g6z Oniine alindiginda cekirdek malzemesinin incelendigi birgok
calismaya rastlanilmigtir. Bu calismada da ¢ekirdek yapir malzemesine yogunlasilmis ve li¢ boyutlu
yazici kullanilarak PLA ve ABS termoplastik malzemeden iiretilen petek hiicreler kullanilmustir.
Calismada 3 farkli hiicre yiiksekligi ve 3 fakli hiicre boyutunda ¢ekirdek hiicreleri kullanilarak bal petegi
sandvi¢ kompozit levhalar iiretilmistir. Yiizey kapaklari tabakali kompozit kullanilarak iiretilen sandvig
kompozitlere {i¢ nokta egilme testi uygulanmis ve sonuclar1 incelenmistir. Bal petegi hiicre yapilarin
iiretiminde yapismanin daha iyi saglanabilmesi i¢in PLA kullanilarak 3B yazici ile {iretilen malzemeler

firinlama islemine tabi tutulmus ve firinlamanin etkileri de incelenmistir.

2. MATERYAL VE METOT

Cekirdek hiicre boyutunun ve hiicre yiiksekliginin, sandvi¢ kompozit levhalarin mekanik
ozellikleri lizerine olan etkisini incelemek i¢in; H= 7, H= 14 ve H = 25 mm olmak {izere {i¢ farkl hiicre
boyutu ve T =25, T =30 ve T =40 mm olmak iizere ii¢ farkl1 ylikseklige sahip bal petegi yapili deney
numuneleri {iretilmistir. U¢ nokta egilme deneylerinde mesnetler arasi uzunluk numune yiiksekligine

bagli olarak degistiginden numunelerin mesnetler arasi uzunlugu (1) numarali denklem kullanilarak
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belirlenmis ve her bir hiicre yiliksekligine uygun egilme numuneleri iiretilmistir. 1 numarali denklemde;

D mandrel ¢apini, a ise deney numunesinin kalinligini ifade etmektedir.
D+3aFa/2 1)

Sandvi¢ kompozitlerin imalat: iki asamadan olusmaktadir. Ilk olarak cekirdek yap1 ve yiizey
kapak malzemesinin iretimi gergeklestirilmektedir. Bunun ardindan ¢ekirdek yap1 ile yiizey
kapaklarinin birlestirilmesi yapilmaktadir. Sandvi¢ kompozit levha bilesenleri ve ¢ekirdek geometrisi
Sekil 1’de gosterilmistir. Cekirdek yapilarinin tiretiminde mekanik 6zellikleri Tablo 1°de verilen 1,75
mm capinda PLA ve ABS secilmis ve Sekil 2’de gosterildigi gibi ergiyik biriktirme yontemi ile imal
edilmistir. Calismada yiizey kapak malzemesi iiretimi i¢in {iretilen kompozitte fiber malzemesi olarak
cam fiber kullanilmuistir. Matris malzemesi olarak ise Erco polyester E-6 dokiim tipi polyester regine ve
ona uyumlu olarak iiretici firma tarafindan tavsiye edilen Erco Mek Peroksit - Ece Perox sertlestirici,
hizlandiric olarak ise Erco Kobalt Oktaat (%6) - Ece Dryer kullanilmigtir. Karigim orani olarak 6nceki
calismada oldugu gibi 35 gr recineye karsilik 3 gr sertlestirici ve 3 gr hizlandirict segilmistir (35:3:3)
[27, 38]. Matris malzemesi igerisine cam fiberler iki tabaka olarak rastgele yerlestirilmis ve ortalama tf
= 2,4 mm kalinliginda kompozit yiizey kapaklar1 iiretilmistir. Kompozit plakalarin katilasmas1 esnasinda
petek hiicreler plakalarin iizerine yerlestirilerek sivi haldeki matris yardimiyla birlesmesi saglanmistir.
Bu islem sayesinde matris malzemesi ile yiizey kapaklarinin yiik altinda en ideal sekilde birlesmesi
amaglanmigtir. Katilagma siirecinin tamamlanmasinin ardindan bal petegi hiicrenin diger yiizeyine de
ayni islemler uygulanmis ve ylizey kapaklart ile kapatilmistir. Oda sicakliginda katilagma siirecini
tamamlanmasinin ardindan sandvi¢ kompozit levhalar tel testere yardimi ile petek hiicre boyutlarina
uygun olarak kesilmis ve deney numuneleri hazirlanmistir. Katilasma siireci tamamlanan ve tel testere
yardimi ile temizlenen {i¢ nokta egilme deney numuneleri Sekil 3’de goriilmektedir. Uretimi
tamamlanan sandvi¢ kompozit levhalarin egilme dayanimlarinin 6lgiilebilmesi igin ii¢ nokta egilme
testleri yapilmistir. Ug nokta egilme testleri ASTM D790 standardina uygun olarak Shimadzu marka
100 kN kapasiteli iiniversal ¢ekme-basma test cihazi kullanilarak yapilmistir. Deneylerde basma hizi
0,3 mm/dk olarak sabit tutulmustur. Deney hatalarinin 6niine gegmek icin tiim deneyler iicer kez
tekrarlanmis ve ortalamasi almarak kullanilmistir. Ug nokta egilme deneyinde kullanilan numunelerin

boyutlar1 ve deneye ait yiikleme kosullar1 Sekil 4” de verilmistir.

Firinlama yapilacak bal petegi yapili kompozit levhalar diger deney numuneleri ile ayni
sartlarda {iretildikten sonra firinlama islemine maruz birakilmistir. Bu islem 40 °C sicaklikta
numunelerin iizerine 470 gr agirlik koyularak 20 dakikada gergeklestirilmistir. Agirlhik kompozit
levhalarin tim yiizeye esit dagilacak sekilde 60 x 240 mm ebatlarinda bir levha kullanilarak
uygulanmstir.
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Yiizey kapak

Balpetegi
cekirdek |

Sekil 2. Ergiyik biriktirme yontemi ile ¢ekirdek yapt malzemesinin iiretilmesi [38]

Tablo 1. PLA ve ABS malzemelerinin mekanik ozellikleri

Mekanik Ozellikler PLA ABS
Cekme Mukavemeti (MPa) 65 41
Kopma Uzamasi (%) 7,5 8,2
Egilme Mukavemeti (Mpa) 97 63

Egilme Modiilii (MPa) 3600 2200

Sekil 3. U¢ nokta egilme deney numuneleri
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Sekil 4. U¢ nokta egilme deneyi numune boyutlari ve yiikleme kosullar:

3. ARASTIRMA BULGULARI

H = 7 mm hiicre boyutuna sahip PLA ve ABS termoplastik petek yapili kompozit levhalarin {i¢
nokta egilme deneyi sonucunda elde edilen yiik-yer degistirme grafikleri Sekil 5’ de verilmistir. PLA
icin en yliksek egilme kuvveti T = 40 mm hiicre yiiksekligine ve L = 200 mm uzunluga sahip petek
yapili kompozit levhada 3064 N olarak elde edilirken en diisiik egilme kuvveti T = 25 mm hiicre
yiiksekligine ve L = 125 mm uzunluga sahip petek yapili kompozit levhada 1520 N olarak elde
edilmistir. Sekil 5b’de ABS malzeme ile iiretilen numuneler icin verilen sonuglar incelendiginde en
yiiksek egilme kuvveti T = 40 mm hiicre yiiksekligine ve L = 200 mm uzunluga sahip petek yapili
kompozit levhada 2650 N olarak elde edildigi goriilmiistiir. En diisiik egilme kuvveti T =25 mm hiicre
yiiksekligine ve L = 125 mm uzunluga sahip petek yapili kompozit levhada 1050 N oldugu tespit
edilmistir. Her iki malzemeden yapilan numunelerde hiicre yiiksekliginin artmasinin maksimum egilme

kuvvetini arttirdig1 belirlenmistir.

a) 3500 b) 3000
—— T=25mm ——T=25mm
3000 2500 —— T=30 mm
— T=40 mm
. 25004
z g 2000 -
‘g 2000 - 5
2 E 1500 -
o 1500 o
E £
B = 1000 -
I 1000 o Sy
5004 500 -
T " T T 0 T T T T T T
] 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14
Yer degistirme (mm) Yer degistirme (mm)

Sekil 5. H = 7 mm hiicre boyutuna sahip a) PLA, b) ABS termoplastik petek yapili kompozit levhalarin ii¢ nokta
egilme deneyi sonrasi egilme kuvveti-yer degistirme grafigi
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H = 14 mm hiicre boyutuna sahip PLA ve ABS termoplastik petek yapili kompozit levhalarin
tic nokta egilme deneyi sonucunda elde edilen yiik-yer degistirme grafikleri Sekil 6’da verilmistir. PLA
malzemeden iiretilen numuneler i¢in en yiiksek egilme kuvveti T = 40 mm hiicre yiiksekligine ve L =
200 mm uzunluga sahip petek yapili kompozit levhada 1130 N olarak elde edilirken en diisiik egilme
kuvveti T = 25 mm hiicre yiiksekligine ve L = 125 mm uzunluga sahip petek yapili kompozit levhada
855 N olarak elde edilmistir. ABS malzemeden iiretilen ve sonuglar1 Sekil 6b’de verilen numunelerde
en yiksek egilme kuvveti T = 40 mm hiicre yiiksekligine ve L = 200 mm uzunluga sahip petek yapili
kompozit levhada 1032 N olarak elde edilirken en diisiik egilme kuvveti T = 25 mm hiicre yiiksekligine
ve L = 125 mm uzunluga sahip petek yapili kompozit levhada 643 N olarak elde edilmistir. Grafikte
goriilen dalgalanmalarin sebebi Sekil 6b’de de goriilecegi gibi petek yapili kompozit levhada

katmanlarin birbirinden ayrilmasidir. Hiicre boyutunun artmasi maksimum egilme kuvvetini azaltmistir.
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Sekil 6. H = 14 mm hiicre boyutuna sahip a) PLA, b) ABS termoplastik petek yapili kompozit levhalarin ii¢ nokta
egilme deneyi sonrasi egilme kuvveti-yer degistirme grafigi

H = 25 mm hiicre boyutuna sahip PLA ve ABS termoplastik petek yapili kompozit levhalarin
iic nokta egilme deneyi sonucunda elde edilen yiik-yer degistirme grafikleri Sekil 7°de verilmistir. Sekil
7a’da verilen PLA malzemeden iiretilmis numuneler i¢in en yiiksek egilme kuvveti T = 40 mm hiicre
yiiksekligine ve L =200 mm uzunluga sahip petek yapili kompozit levhada 744 N olarak elde edilirken
en diisiik egilme kuvveti T = 25 mm hiicre yiiksekligine ve L = 125 mm uzunluga sahip petek yapil
kompozit levhada 599 N olarak elde edilmistir. Hiicre boyutunun artmasi maksimum egilme kuvvetini
azaltirken hiicre yliksekliginin artmast maksimum egilme kuvvetini arttirmistir. ABS malzemeden
iretilen numuneler i¢in ise en yiiksek egilme kuvveti T = 40 mm hiicre yiiksekligine ve L = 200 mm
uzunluga sahip petek yapili kompozit levhada 620 N olarak elde edilirken en diisiik egilme kuvveti T =
25 mm hiicre yiiksekligine ve L = 125 mm uzunluga sahip petek yapili kompozit levhada 485 N olarak

elde edilmistir. Artan hiicre boyutuna bagl olarak maksimum egilme kuvveti azalmistir.
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Sekil 7. H = 25 mm hiicre boyutuna sahip a) PLA, b) ABS termoplastik petek yapili kompozit levhalarin ii¢ nokta
egilme deneyi sonrasi egilme kuvveti-yer degistirme grafigi

T =25, T=30ve T =40 mm hiicre yiiksekligine sahip PLA ve ABS termoplastik petek yapili
kompozit levhalarin {i¢ nokta egilme deneyi sonucunda elde edilen maksimum egilme kuvvet degerleri
Sekil 8’de verilmistir. Numunelere {i¢ nokta egilme deneyi yapilmasinin ardindan meydana gelen hasar
tipleri, H = 7 mm hiicre boyutuna ve T =25, T = 30 ve T = 40 mm hiicre yiiksekligine sahip PLA ve
ABS termoplastik ile iiretilmis petek yapili numuneler i¢in Sekil 9’da verilmistir. Her iki tip numune
icin meydana gelen hasar tipleri ayni olup katmanlar arasi kopma, enine katmanlar arasi ayrilma ve

yiizey kapaklarinin ¢ekirdek yapidan ayrilmasi seklinde olmustur.
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Sekil 8. H =7, H= 14, H= 25 mm hiicre boyutuna sahip a) PLA ve b) ABS termoplastik petek yapili kompozit
levhalarin ii¢ nokta egilme deneyi sonrast maksimum egilme kuvvetleri

Sandvi¢ kompozit levhalara uygulanan ii¢ nokta egilme deneyleri sonrasi hasar tipleri
incelendiginde diizleme dik dogrultuda herhangi bir hasar meydana gelmedigi goriilmiistiir. Tiim deney
numuneleri i¢in genel hasar tipleri enine katmanlar aras1 meydana gelen hasarlardan olugmaktadir. Bu
durum ergiyik biriktirme yontemi sirasinda iist iiste koyularak iiretilen filamentlerin tam yapisma
meydana gelmeden birlestigini disiindlirmiistiir. Bu durumun 6niine gegebilmek icin PLA ve ABS
kullanilarak iiretilmis numuneler ekstra isitma islemine tabi tutularak katmanlar arasi yapigmanin

iyilestirilmesi amaglanmistir. Bu amagla iiretilen numunelerin firinlanma sonrasi1 gorseli Sekil 10°da
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verilmistir. Sicaklik ve basing uygulanmasi sonucu numunelerde burkulma meydana geldigi
gorillmiistir.
7-25 PLA

7-25 ABS
_!

\?flzéy lgéi;dgf-ayg_ﬂmalarl &

7-40 PLA

Sekil 9. PLA ve ABS termoplastik petek yapili numunelerde ii¢ nokta egilme deneyi sonrasi meydana gelen hasar
tipleri

Sekil 10. Firinlama islemi sonrasinda PLA termoplastik kullanilarak iiretilen numune gorseli

Firinlama iglemine maruz birakilmis H=14 mm hiicre boyutuna sahip PLA termoplastik petek
yapili kompozit levhalarm {i¢ nokta egilme deneyi sonucunda elde edilen yiik-yer degistirme grafigi
Sekil 11°de verilmistir. En yiiksek egilme kuvveti T =25 mm hiicre yiiksekligi ve L = 125 mm uzunluga
sahip PLA termoplastik petek yapili kompozit levhada 1017 N olarak elde edilmistir. Artan hiicre
yiiksekligine bagl olarak egilme kuvvet degeri azalmistir. Daha 6nce elde edilen sonuglardan farkl
olarak artan hiicre yiiksekligi ile egilme kuvvetinin azalmasinin nedeni petek hiicre duvarlarinin ortam

sicakligindan dolayi ¢arpilmasi olarak degerlendirilmistir.
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Sekil 11. Firinlama islemine maruz birakilmig H = 14 mm hiicre boyutuna sahip PLA termoplastik petek yapili
kompozit levhalarin egilme kuvveti-yer degistirme grafigi

Firinlama islemine maruz birakilmis H = 25 mm hiicre boyutuna PLA termoplastik petek yapili
kompozit levhalarin {i¢ nokta egilme deneyi sonucunda elde edilen yiik-yer degistirme grafigi Sekil
12’de verilmistir. En yiiksek egilme kuvveti T = 25 mm hiicre yiiksekligine sahip numunede 642 N
olarak elde edilmistir. Artan hiicre yiiksekligine bagli olarak artmasi beklenen maksimum egilme

kuvvetinin azalmasinin nedeni firinlama esnasinda sicakliktan dolay1 hiicre duvarlarinin ¢arpilmasi

oldugu disiilmektedir.
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Sekil 12. Firinlama islemine maruz birakilmig H = 25 mm hiicre boyutuna sahip PLA termoplastik petek yapili
kompozit levhalarin egilme kuvveti-yer degistirme grafigi

Firmmlama iglemine maruz birakilmig H = 14 mm, H =25 mm hiicre boyutu ve T =25 mm hiicre
yiiksekligine sahip ABS termoplastik petek yapili kompozit levhalarin {i¢ nokta egilme deneyi
sonucunda elde edilen yiik-yer degistirme grafigi Sekil 13’de verilmistir. En yiiksek egilme kuvveti
H=14 mm hiicre boyutuna sahip numunede 632 N olarak elde edilmistir. Egilme kuvveti hiicre boyutuna

bagli olarak azalmistir. Firmnlama islemini ABS termoplastik filament iizerinde net bir etkisi olmamustir.

Sicaklik ve basinca maruz birakilmig PLA termoplastik bal petegi yapili sandvi¢ kompozit
levhalarin ii¢ nokta egilme deneyi sonucunda elde edilen maksimum egilme kuvvetleri Tablo 2°de
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verilmigtir. Firinlama iglemi esnasinda sicakliktan dolay1 ¢arpilan hiicre duvarlarinin burkulmasi ile

hiicre yliksekligi arttikca maksimum egilme kuvvet degeri azalmustir.

Sicaklik ve basinca maruz birakilmis H = 14 mm hiicre boyutuna sahip PLA termoplastik bal
petegi yapilt sandvi¢ kompozit numunelerde {i¢ nokta egilme deneyleri sonucu meydana gelen hasar

tiplerinin incelemesi Sekil 13°de verilmistir.

14-25 PLA Firinlanmamis 14-25 PLA Firinlannis

Ezilme

Sekil 13. Firinlanmamug ve firmlanmig H=14 mm hiicre boyutuna sahip PLA termoplastik petek yapil
numunelerde meydana gelen hasarlarin deneysel fotograflar

Sekil 13’de verilen iic nokta egilme deneyi sonrasi hasar goriintiileri incelendiginde
firinlanmamis numunelerde en ¢ok karsilasilan hasar tipinin katmanlar aras1 kayma ve kopma hasarlari
oldugu goriilmektedir. Ergiyik biriktirme yontemiyle {i¢ boyutlu yazici kullanilarak tretilen
numunelerde imalat sirasinda filament tabakalar1 arasinda ¢esitli nedenlerden &tiirii tam birlesmenin
gerceklesmedigi disliniilmektedir. Bu amagla iretimin 2. asamasinda numunelerin yapigmasinin
artirilmasi igin sicaklik ve basing uygulanmigtir. Verilen hasar fotograflari incelendiginde firinlanmis
numunelerdeki baskin hasar tipinin ezilme hasari oldugu goriilmiistiir. Numunelere sicaklik ve basing

uygulanmasinin ardindan {iretim sirasinda filamentler arasi yapismanin tam gerceklestirilememesinden
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kaynaklanan hasarlarin oniine gegildigi tespit edilmistir. Buna ragmen firmlama islemi sonrasi yapilan

tic nokta egilme test sonuglari arasinda bir iligki kurulamamustir.

Tablo 2. Sicaklik ve basinca maruz birakilmis PLA termoplastik petek yapili numunelerin maksimum egilme

kuvveti
Numune Sicaklik ve basinca
kodu maruz kalmig PLA (N) PLAMN)
14-25 1017 855
14-30 526 917
14-40 801 1130
25-25 642 599
25-30 365 687
25-40 415 744

4. SONUCLAR

Bu calismada ii¢ farkli hiicre boyutu ve ii¢ farkli hiicre yiiksekligine sahip PLA ve ABS
termoplastik petek yapili kompozit levhalar iiretilerek {i¢ nokta egilme deneyi ile egilme kuvvetleri ve

olusan hasar tipleri incelenmistir. Elde edilen sonuclar asagida verilmistir;

e En yiiksek maksimum egilme yiikii H = 7mm hiicre boyutu ve T =40 mm hiicre yiiksekligine
sahip PLA termoplastik petek yapili numunede deneysel olarak sirasi ile 3064 N ve 6344 N
olarak elde edilmistir.

e En diisiik maksimum egilme kuvveti H = 25 mm hiicre boyutu ve T = 25 mm hiicre
yiiksekligine sahip ABS termoplastik petek yapili numunede deneysel olarak sirasi ile 485
N ve 2306 N olarak elde edilmistir.

e Hiicre boyutu arttik¢a egilme yiikii azalmistir.

e Hiicre yiiksekligi arttik¢a egilme yiikii buna bagl olarak artmustir.

e Yapilan ti¢ nokta egilme deneyleri sonucunda PLA termoplastik petek yapili numunelerde
katmanlar aras1 kopma gergeklestigi gorilmiistiir.

e Yapilan ii¢ nokta egilme deneyleri sonucunda ABS termoplastik petek yapili numunelerde
katmanlar aras1 kayma gerceklestigi belirlenmistir.

e Firimlama isleminin ardindan ii¢ nokta egilme deneyleri uygulanan PLA termoplastik
malzeme kullanilarak {iretilmis sandvi¢ kompozit levhalarda katmanlar arasi kopma ve
kayma hasarinin giderildigi goriilmiistiir. Bunun yam sira ¢ekirdek malzemesi ile yiizey
kapaklarinin daha iyi birlestirilmesinin saglandig1 gériilmiistiir.

o Bitkisel bazli liretilen PLA malzemesi ile iiretilen numunelerin petrol bazli tiretilen ABS
kullanilarak iiretilen numunelerden daha yiiksek egilme kuvvetine sahip oldugu tespit
edilmistir. Yenilenebilir kaynaklardan tiretilen PLA’nin ABS’ye iyi bir alternatif oldugu

belirlenmistir.
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CIKAR CATISMASI

Yazarlar ¢ikar ¢atigmasi olmadigini bildirmektedirler.

YAZARLARIN KATKILARI

Cenk YANEN: Yazma ve diizenleme, test, verilerin diizenlenmesi. Eyiip CELIK: Metodoloji,
veri toplama, veri diizenleme, test ve kontrol. Murat Yavuz SOLMAZ: Gozetim ve liderlik sorumlulugu,

analiz, inceleme ve sonuglarin yorumlanmasi.
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ABSTRACT

Commercial products in markets must meet the regulatory and quality
control criteria to be acceptable for the intended use. While it is mandatory
that each product batch must meet specification limits, the stability and
efficiency over the long term are underestimated. The present study was
conducted on the chronological trend of a healthcare product using a
statistical software package, including correlation matrix and multivariate
analysis. The investigated quality characteristics were the average filling
weight, relative density, pH and the relative potency of three active
components, in addition to a chemical preservative. The database was
processed in an Excel sheet and was subjected to descriptive statistical
overview, histogram plot, box plot diagram, time series plot, correlation
matrix table and Principal Component Analysis. The investigation showed
that despite all batches passed quality control tests successfully yet there
were signs of instability, fluctuations or oscillations and drifts in all quality
metrics, with outlier values that could be observed. Non-parametric
correlation demonstrated some level of association between some
inspection characteristic indicators. PCA illustrated the major variability
influencer and clustering tendency among studied quality markers that
guided the grouping of the dataset. The study pinpointed the improvement
needed to ensure product stability, efficiency and quality.
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Piyasalardaki ticari {irlinler, kullanom amacma uygun olarak kabul
edilebilir olmast i¢in diizenleyici ve Kkalite kontrol Kkriterlerini
kargilamalidir. Her {irlin serisinin spesifikasyon limitlerini karsilamasi
zorunlu olmakla birlikte, uzun vadede stabilite ve wverimlilik hafife
alimmaktadir. Bu ¢aligma, korelasyon matrisi ve ¢ok degiskenli analiz
iceren istatistiksel bir yazilim paketi kullanilarak bir saglik iirtiniiniin
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kronolojik egilimi lizerinde yiiriitiilmiistiir. Arastirilan kalite 6zellikleri, bir
kimyasal koruyucuya ek olarak, ortalama dolum agirligi, bagil yogunluk,
pH ve ii¢ aktif bilesenin bagil giiciiydii. Veritaban1 bir Excel sayfasinda
islendi ve tanimlayici istatistiksel genel bakisa, histogram grafigine, kutu
grafigine, zaman serisi grafigine, korelasyon matrisi tablosuna ve Temel
Bilesen Analizine tabi tutuldu. Arastirma, tiim serilerin kalite kontrol
testlerini bagariyla gecmesine ragmen, tim kalite oOlglimlerinde
gozlemlenebilen aykiri degerlerle birlikte istikrarsizlik, dalgalanmalar
veya salinimlar ve sapmalar oldugunu gosterdi. Parametrik olmayan
korelasyon, bazi denetim karakteristik gostergeleri arasinda bir diizeyde
iliski oldugunu gostermistir. PCA, veri kiimesinin gruplandirilmasina
rehberlik eden incelenen kalite belirtegleri arasindaki ana degiskenlik
etkileyicisini ve kiimelenme egilimini gésterdi. Calisma, {irlin istikrarini,
verimliligini ve kalitesini saglamak i¢in gereken iyilestirmeyi belirledi.

1. INTRODUCTION

In everyday life, millions of people are frequently get exposed to a fairly huge number of
consumable products for application and/or ingestion [1]. A significant fraction of these goods includes
healthcare items which must be tested routinely and rigorously for their indicator metrics to be accepted
for release from the firm. Then, these products are distributed into the market for consumption by the
customers or patients [2]. Safety, efficiency and quality are integral aspects that must be insured to be
integrated into the final finished product for use [3]. In the modern business quality concept, acceptable
goods that could be dispatched and distributed in the market after satisfying regulatory specifications
must not be considered as the sole indicator for a solid long-lasting successful industry [4]. In the first
place, it was the quality management concept which should be disseminated in the organization that
would pool into the final product [5]. The benefits of ensuring good practices in a specific industry were
reflected not only in its image and reputation but also in reproducible, stable and reliable outputs with

predictable characteristics.

Every year, many recalls of products must be monitored, recorded and controlled worldwide
with various degrees of severity and devastation. For example, Food and Drug Administration (FDA)
had reported regularly an appreciable number of recalls for medicines and healthcare products for
different causes such as lack of efficacy, safety and quality [6]. These events had happened despite many
of these goods were not problematic before. In many cases, thorough investigations usually revealed a
gap or problem associated with integrated quality management that is linked to the affected product [7].
Thus, it was understood that although products might meet the intended specification limits, yet
challenging issues could be hidden when analysed quantitatively over the long-term which were affected
by the processes and operations involved in the product creation life cycle [8]. These defects might
eventually lead to unwanted events of out-of-specifications (OOSs), recalls and excursions campaigned

with financial loss and distorted company image and reputation.
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The present work aimed to establish a quality and safety monitoring system for the market
products to provide an early warning system before aberrant goods and recall would occur reflecting
hidden and/or minor defects that could spark major excursions in the future through a chronological
shift in the inspection quality characteristics of the products. This would be important also for the
manufacturer to investigate the unintended factors that contribute to the product manufacturing errors
and defects. The study herein focused on long-run analysis and trending of a randomly selected
commercial healthcare product in the market. Product analysis and inspection of the quality control
characteristic metrics must be inspected for evaluation. Creation of long-term database was ensured, and
the collected records should be arranged chronologically for further processing. Statistical investigation
of the individual inspection characteristics to determine the quality, stability and dispersion pattern of
the recorded observations. Degree of association between measured parameters should follow to assess
the influence and the link between inspection properties datasets on data quality and pattern using
correlation matrix and multivariate analysis. ldentification of the quality of the inspection metrics
quantitatively would be crucial to guide and manage the operational steps that lead to the final product
excellence. Objective decision-making would be accomplished as either sustain or improve, when the
examination procedure showed either efficiency and stability or deficiency and inadequate quality,
respectively.

2. MATERIAL AND METHOD

The study subject comprised a chronological series of a liquid healthcare product in the market
that was analysed physically and chemically in an independent drug research laboratory. Results were
reported and recorded in an electronic storage system that could be converted into other software format
for further processing and trending. Datasets of all inspection characteristics were created in form of an
Excel sheet [9]. The examined properties were the average filling weight of the product in the primary
packaging material, the relative density, pH value, the relative potencies of three active pharmaceutical
ingredients (APIs) and a preservative that is used to preserve a multiuse product from the microbial
spoilage [10-12]. A quantitative evaluation of the product quality was conducted using a statistical

software platform as will be discussed in the following sections.

2.1 Graphical Analysis and Descriptive statistics of Long-Term Dataset of the Inspection

Properties

The dispersion pattern of long-term datasets of the individual inspection characteristics columns
was studied using both graphical presentation and summary of a statistical description to understand the

distribution of the observations for a continuous data-type [13]. This type of analysis was used to study
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process stability, trend, pattern and clusters in the readings [14]. In the statistical program, the graphical
Summary was used to summarize numeric data with a variety of statistics such as the sample size, mean,
median, and standard deviation [15]. Data distribution could be described with graphs, through
conducting an Anderson-Darling (AD) normality test and obtain Confidence Intervals (ClI) for the mean,
standard deviation, and median [15]. Complementary column statistics — including Coefficient of
Variation (CV), geometric mean with upper and lower 95% CI, skewness and kurtosis determinations -

was performed using GraphPad Prism v6.01 for Windows [16].

2.2 Correlation Matrix, Dendrogram and Multivariate Analysis of Product Quality Metrics

Numerical and graphical presentation of correlation between datasets - as a correlation matrix
and matrix plot - were conducted using GraphPad Prism v6.01 and In Minitab® v17.1.0, respectively
[17,18]. While multivariate study using Principal Component Analysis (PCA) was conducted using
Minitab® v17.1.0. Matrix plots typically implicated the following elements: a matrix of scatterplots,
rows and columns of the matrix, each of which represents a separate variable and an internal x- and y-
axis scale for each scatterplot. In a matrix of plots, the lower-left graphs are mirror images of the upper
right graphs. A matrix plot was used to assess the relationships among several pairs of variables at once.
Displays of plots for judging the importance of the different principal components could be generated,
along with the scores of the first two principal components to be investigated, and the outliers would be

spotted.

The Scree figure (eigenvalue profile plot) included the eigenvalue associated with a principal
component versus the number of the component. This plot was used to judge the relative magnitude of
eigenvalues [19]. Biplot for the first two components was also selected to plot an overlay of the score
and loading plots for the first two components. The PCA would be useful to help you to understand the
underlying data structure and/or form a smaller number of uncorrelated variables (for instance, to avoid
multicollinearity in regression) [20]. Points were the projected observations; vectors corresponded the
projected variables. If the data were well-approximated by the first two principal components, a biplot
could enable visualization of high-dimensional data by using a two-dimensional graph [21]. An outlier
plot was also selected to plot the Mahalanobis distance for each data point. This diagram identified
outliers in multivariate space [19,21]. A point above the Y reference line represented an unusual
observation [22]. The dendrogram is a tree diagram that was used to display the groups that were formed
by clustering observations at each step and their similarity levels. The similarity level was measured
along the vertical axis (alternately, the distance level could be displayed), and the different observations

were listed along the horizontal axis [23].
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In the dialog box items for PCA, a type of matrix must be selected. The covariance would be
chosen to calculate the principal components following covariance matrix selection. The covariance
matrix was chosen taking into consideration that standardization was not needed for variables.
Otherwise, the correlation must be selected to calculate the principal components using the correlation
matriX. Since variables must be standardized to obtain a correct component score, a correlation type of
matrix was selected [22,23]. The principal components included the linear combinations of the original
variables that account for the variance in the data. The maximum number of components extracted
always should equal the number of variables [24]. The eigenvectors, which were comprised of
coefficients corresponding to each variable, were used to calculate the principal component scores. The
coefficients were used to indicate the relative weight of each variable in the component [23,24]. The
bigger the absolute value of the coefficient, the more important the corresponding variable would be in

constructing the component.

3. RESULTS AND DISCUSSION

3.1 Graph and Summary Statistics of Data Distribution with Performance Analysis

Quality control (QC) inspection of the prepared medicinal products have become an
indispensable task that provides oversight on the inspection characteristics of the final preparation in the
compounding and formulation areas in a healthcare firm [25]. However, the reliance only on the batch-
wise direct testing for just pass or fail criteria would not be not enough to judge the dissemination of the
comprehensive quality management concept and system through the whole organization [26]. It is the
statistical process trend analysis that would reveal the underneath deformities. The necessary
adjustments in the system could be accomplished through the study of the inspection properties of the
products. In turn, these characteristics were regarded as crucial aspects for the consistency and stability
of the quality over fairly long runs [27,28]. All the monitored properties showed no Out-Of-Specification
(O0S) with zero expected and the observed Defects-Per-Million-Opportunities (DPMO) or Part-Per-
Million (PPM). There is no apparent defect in any of the 838 studied batches.

The tabulated statistics table of Figure 1-5 summarized information about each item and the
total for all items: Total count which represented the number of observations, the mean (obtained from
the sum of all observations divided by the total count) and the Standard Deviation (St.Dev.) which was
used as a measure of dispersion analogous to the average distance (independent of direction) of each
observation from the mean [29]. The collected sample data had more than 50 (N = 438 and 838 points
for microbiological and non-microbiological analysis) observations, which would provide enough

information to represent the dispersion pattern of the dataset. As the sample size would grow a more
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precise estimate of the process parameters, such as the mean and standard deviation could be attained
[30]. The lower number of microbial enumeration database could be attributed to the applied skipping
analysis plan schedule for the verified bioburden quality of the preparation [40]. Observations spreading
were shown numerically in the column statistics in Figures 1 to 5, with mean, median and St.Dev.

demonstrated at a 95% Confidence Interval (CI).

Outliers could strongly influence the results of any statistical analysis that is performed on the
recorded observations [31]. A few of the dataset results were aberrant values, which were regarded as
records that do not seem to be consistent with the remaining of the database. Since excursions might
robustly lever the outcomes of any statistical study that was performed on the data, Identification of the
cause of the unusual nature of these outliers should be investigated [32]. Verification of the sources of
special-cause variation should be conducted and the data table in the program should be amended so
that any entries in the cell(s) are corrected [33]. When there were no outliers - which are data points that
do not appear to belong with the rest of the data — then all observations were considered homogenous
and the noises in the time series plot could be attributed to the common-cause variations only which

were considered normal statistical variation of the process.

The current study provided an integrative investigation of product goodness through the
examination of the quality long-term database of the inspection characteristics of the medicinal dosage
form. Graphical and descriptive summary of the statistical analysis of bioburden load (TVAC and
TYMC), average filling weight, relative density, pH and the relative potencies of three APIs and
antimicrobial preservative were shown in Figures 1 to 5. While data pattern and spreading tended to be
simple and consistent in microbial enumeration test — with few aberrant values (indicated by asterisks
in the box plot diagram, physical and chemical tests were more complex being two-sided properties
around the mean values. The microbial score count dataset demonstrated a clear non-compliance to the
bell-shaped of the Gaussian distribution due to limited count number variation which was an expected
event in contrast to the continuous data type. This behaviour is common in microbiological count data

and had been reported previously [34].

Nevertheless, the variable nature data type of both physical and chemical data properties
(illustrated by histograms and box and whisker plot) showed dispersions that approached normality to a
certain degree. This factual was observed despite failure of the Anderson-Darling (AD) test due to
anomalies in the shape. Instances of unusual incidences included a flattened multimodal pattern in the
average filling weight indicating multiple operations affecting one process. In addition, there were
events that involved two isolated distributions as one major and one minor peaks with distant
observations in the relative density measurement. Also, skewed distribution with distant outlier

observations in pH measurements had been spotted. A possible two interfering distributions at the peak
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in the relative potency determination of APl 1 was another observed phenomenon. The same - as in the
average filling weight - could be observed with API 2 assay where an apparent multiple dispersion might
interfere. Interestingly, it was the only parameter with no obvious outlier readings. The relative potency
analysis dataset of APl 3 was the closest in the spreading to the normal distribution despite the presence
of some excursions in some readings. Again, the histogram of the relative potency of the preservative
demonstrated a departure from normality due to excursions from high readings and single low excursion

affecting the Gaussian distribution pattern.

Apart from the intermittent excursion of outlier observations in the time series plot, most
inspection characteristics might show mixed and oscillating patterns of data trend. This fact could be
attributed to intermittent shifts in the mean value along with some drifts and/or repeated behaviour.
Thus, the out-of-control status of the means of inspected properties would be linked to the unstable
variations between points in the moving range (MR) sequence. In turn, the instability of the operation
could impact the precision of the evaluation of the process capabilities, despite a large number of
observations reported [35]. All datasets failed to follow specific dispersion shapes even after
transformation, except the average filling weight where it passed the normality test after Box-Cox
transformation at A = -5.00. The distorted distribution shape was affected by the heterogeneity of the
reported outcome of the analysis which reflected inconsistent operations that influence the properties.
In turn, the potential (within) process capability would be narrower and sharper in shape - if process
shifts and drifts were eliminated — than the actual (overall) capability.

Table 1 showed other statistical tests that complement those in Figures 1 - 5 to be more
informative about that quantitative nature of data. For example, skewness and kurtosis provided a
numerical indication for the magnitude of deviation for the observations from the hypothetical
distribution. Both geometric means and arithmetic means were almost identical. Coefficient of Variation
(CV) expresses the spreading of data in the observation series around the average values [36]. In the
current case, the lowest and the highest dispersions percent were demonstrated by the relative density

and the relative potency of the preservative assay, respectively.
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Figure 1. Long-term statistical microbiological count assessment of TVAC and TYMC
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Graphical Presentation of Average filling Weight
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Figure 2. Long-term statistical assessment of the average filling weight and relative density of the product
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Figure 3. Long-term statistical assessment of the pH and API 1 assay of the product
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Figure 4. Long-term statistical assessment of the API 2 and API 3 of the product
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Figure 5. Long-term statistical assessment of the preservative in the product
Table 1. Column statistics of healthcare product inspection characteristics
Descriptive AF\;ﬁﬁge H Densit Assay of  Assay of  Assay of Assay of
Statistics 'ng P Y ApI1 API 2 API3  Preservative
Weight
Coefficient of
o 1.11 2.42 0.27 1.53 2.09 2.05 2.89
variation (%) @
Geometric mean ® 116.9 5.31 1.148 100.2 99.85 100.4 101.8
Lower 95% CI of
116.8 5.31 1.148 100.1 99.7 100.2 101.6
geo. mean ©
Upper 95% ClI of
116.9 5.32 1.148 100.3 99.99 100.5 102.0
geo. mean ©
Skewness ¢ 0.000 0.071 0.000 0.211 -0.088 0.144 0.966
Kurtosis ® -0.122 2.102  12.140 0.405 -0.614 0.077 3.807

2 CV also is known as Relative Standard Deviation (RSD) which equals to ratio of the standard deviation to the mean.

b Geo. mean is an average value determined by x™ root of the product of multiplication of x numbers together.

€ 95% confidence interval is a range of values that with 95% certainty would be expected to contain the true mean of the
population.

d Quantification technique for the distribution degree of symmetry, where the ideal distribution has a value of zero.

€ Quantification method of the tailing of certain distribution for matching to the Gaussian dispersion pattern.
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3.2 Investigation of Degree of Association Between Inspection Properties of the Product

Table 2 showed the degree of correlation between different product markers numerically as
coefficient and P values using non-parametric Spearman matrix at 95% confidence interval. The shape,
pattern, predominant one-to-one relationship trend and cluster distribution were shown as matrix plot in
Figure 6. A low-level correlation was observed between the relative density and the relative potency of
the preservative with the assay of chemical components. In general, the other physical properties did not
correlate appreciably either with each other or with the chemical potencies of the product. However, a
higher level of data association was observed between the three APIs, notably, APl 3 with API 1 and
API 2. This overview might help in the decision on which variables to include in a model and how to
model them when looking at the array of scatterplots to see which variables appeared correlated [37].

Table 2. Non-parametric two-tailed Spearman correlation matrix at 95% confidence interval for the indicators
Correlation

Average
Coefficient* o ) Assay of Assay of Assay of Assay of
Filling pH Density ]
API 1 API 2 API 3 Preservative
o Weight
P
Average Filling
. -0.08 0.06 -0.08 0.06 0.03 0.14
Weight
pH 0.01566 -0.14 -0.17 -0.22 -0.25 -0.18
Density 0.10781 0.00008 0.42 0.47 0.40 0.40
Assay of API' 1 0.02578 0.00000  0.00000 0.58 0.61 0.42
Assay of API 2 0.07439 0.00000  0.00000 0.00000 0.63 0.50
Assay of API' 3 0.40487 0.00000  0.00000 0.00000 0.00000 0.41
Assay of

] 0.00005 0.00000 0.00000 0.00000 0.00000 0.00000
Preservative

¥ Spearman r(rs) replaced Pearson correlation for non-Gaussian distribution.
€ If the P value is diminishing, then rejection of the idea that the correlation is due to random sampling and vice versa.

If a predictor variable was not correlated with the response variable, it might be desirable to
exclude the predictor from the model. If a relationship was curved, then it might be needed to include
higher-order terms to accurately model the curvature (e.g. polynomial regression) [38]. Thus, the
correlation matrix was used to assess the strength and direction of the relationship between two items or
variables. ltems that could measure the same construct should have high, positive correlation values. If
the items were not highly correlated, then the items might be ambiguous, difficult to understand or
measure different constructs [39]. Often, variables with correlation values greater than 0.7 were
considered highly correlated. However, the correlation benchmark values would depend on subject area
knowledge and the number of items in the examined data [40]. Nevertheless, the significance of the

interconnection level between product properties was not high enough (> 0.40 and < 0.65) to justify
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modelling. The scattering patterns of the points around the positive relationship lines were not directive
to a promising correlation between pairs of items to produce a satisfactory and reliable quantitative
model.

Matrix Plot of QC Inspection Characteristics
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Figure 6. Association pattern matrix between variables of the inspection quality characteristics

3.3 Multivariate Analysis for Indicator Test of the Product

Survey analysis of continuous observations included studying the relations between the
variables. PCA was used to form a smaller number of uncorrelated variables from a large set of data
[41]. The goal of the PCA was to explain the maximum amount of variance with the fewest number of
principal components. PCA could be used with large data sets in the study to determine the major metrics
of the quality of a specific product. This multivariate methodology was commonly used as one step in a
series of analyses [42]. Hence, the PCA was used to reduce the number of variables and avoid
multicollinearity, or when too many predictors relative to the number of observations could be observed
[43]. In the present case, a healthcare product was analysed for important quality aspects that were
needed for its intended purpose. These inspection characteristics involved the average filling weight,
relative density, pH and the assay of the three active components, in addition to the preserving
compound. A PCA was conducted to see if they can form a smaller number of uncorrelated variables

that were easier to interpret and analysed to be used as major indicators for the item quality.

The results suggested the following patterns: Relative density and assay of APIs 1, 2, 3 and the
preservative could be categorized under a "product efficiency" component. Average filling weight forms
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a "product amount™ component. The level of pH value forms a "stability/solubility” component. Figure
7 showed the grouping of the QC examination items for the product. Interpretation of dendrogram
illustrated how the clusters were formed at each step and to assess the similarity (or distance) levels of
the clusters that were formed. Based on the similarity (or distance) levels, the pattern of how similarity
or distance values change from step to step would help to choose the final grouping for the database.
The step where the values changed abruptly might identify a good point to define the final grouping
[44]. In the present situation the similarity value changed from 36.51 for the overall observations to
48.30 in the left branch, then 63.26, 66.71, 79.72 and 81.82 on the right side. The right branch made the
most sense of data grouping. Thus, the product efficiency component as in the biplot was sought as a
convenient cluster. This final decision was called “cutting the dendrogram” [45]. the angles between the
vectors represented a visual indication to the degree by which characteristics correlate with one another.
When two or more vectors were close, forming a small angle, the variables under investigation were
positively correlated. If the lines were perpendicular, they were not likely to be correlated. When they

diverged and formed a large angle (close to 180°), they are negatively correlated [23].

The biplot combined the score and loading graphs [46]. The biplot was used to examine the data
structure and loadings on one figure. The second principal component scores were plotted versus the
first principal component scores [22]. The loadings for these two principal components were plotted on
the same graph. This biplot demonstrated the following: the left and bottom axes were for the PCA plot
which was used to read PCA scores of the observations (points). The top and right axes belonged to the
loading plot which was used to read how strongly each quality property (vector) influences the principal
components [23]. Relative potency determinations for the four chemical entities had large positive
loadings on component one. Therefore, this component focused on the product's long-term quality
stability. On the other hand, pH had large negative loadings on component two. Therefore, this
component focused on the product's bygone quality trend.

The outlier graph in Figure 8 demonstrated outlier points beyond the reference line. Any point
that was above the reference line was considered an outlier. Outliers could significantly affect the pattern
and stability of the trend under examination [22,45]. Therefore, if an outlier was identified in the dataset,
Investigation of the aberrant observation should be executed to understand why it is unusual to improve
process or characteristic stability. Thus, the test pinpoints to the excursions in the pattern to correct any
measurement or data entry errors [23,45]. Accordingly, removing data that were associated with special
causes and repeating the analysis should be considered. Scree plot displayed the eigenvalues associated
with a component or factor in descending order versus the number of the components or factors. It was

used in PCA to visually assess which components accounted for most of the variability in the data [47].
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Figure 7: Major components categorization of the product under examination
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Figure 8. Outlier plots of Principal Component Multivariate analysis of the product

The ideal pattern in a scree plot would be observed as a steep curve, followed by a bend and
then a flat or horizontal line. Those components or factors in the steep curve - before the first point that
started the flat line trend — should be retained [20,48]. Using knowledge of the data and the results from
the other methods of selecting components or factors would help to decide the number of important
components or factors [20,48]. In these results of Figure 9, the first three principal components had
eigenvalues greater than one. These three components explained most of the variation in the data. The
scree plot showed that the eigenvalues started to form a straight line after the third principal component.
Therefore, the remaining principal components accounted for a very small proportion of the variability
(close to zero) and were probably unimportant. Eigen analysis of the Correlation Matrix was as the
following: Eigenvalue (2.7696, 1.0836, 1.0160, 0.7398, 0.6572, 0.3906 and 0.3433), as a proportion
(0.396, 0.155, 0.145, 0.106, 0.094, 0.056 and 0.049) and as a cumulative (0.396, 0.550, 0.696, 0.801,
0.895, 0.951 and 1.000). For the variables that showed Eigenvalue greater than one from the observation
of variables viz (average filling weight, pH, density, relative potency of API 1, API 2, API 3 and
preservative), (PC1, PC2, PC3) were as the following: (0.024, 0.897, -0.026), (-0.196, -0.116, -0.826),
(0.303, 0.055, -0.524), (0.476, -0.241, -0.060), (0.509, -0.029, -0.002), (0.492, -0.111, 0.152) and (0.377,
0.328, -0.126), respectively.

Commercial products that were released in the market for consumption by the customers were

normally expected to meet the rigorous official and regulatory specifications as they may impact their
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health and even life. Yet every year, a growing list of the recalled products could be observed due to
various issues affecting products' usability. This work highlights the potential risk of the failure of the
goods due to drifts in the inspection characteristics of the product that would not be detected using the
classical reliance on the specification release criteria. The present study demonstrated the detection of
the stability of each quality inspection criteria over the long term. The insight into the product quality
could be interpreted easily through dimensionality reduction of the multiple inspection tests. It was
evident from this research that the investigated inspection characteristics of the studied product needed
further improvement from the manufacturer side in terms of the stability and consistency of the quality

criteria.

Scree Plot of The Indicators of The Product Quality
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Figure 9. Scee plots of Principal Component Multivariate analysis of the product

4. CONCLUSION

The dissemination of quality concepts through the implementation of good practices in various
fields (GxP) in any industry is crucial for a long-lasting successful business. Long-term monitoring of
the key quality metrics of any market goods reveals the stability and consistency of the operations and
processes performed on the created product. The studied inspection characteristics should be evaluated
in terms of correlation, variability and impact on the value of the delivered items to the customers. The
applied statistical tools in the present case were simple, effective and time-saving for large database
analysis and investigation where safety, efficacy and quality of healthcare products are crucial for the
health of the consumers in the challenging world of the ever-increasing ailment conditions that affect
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the human being and impact healthcare sector. Also, the study sounds an alarm clearly for the potential
risk of the presence of a fairly large number of the products in the market that meet specification limits
although they are not showing stable characteristics patterns of long-run operations.
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ABSTRACT

Happiness has been tried to be explained in many fields such as
psychology, philosophy, sociology, biology, and religion. Due to the fact
that the concept of happiness is constantly being updated in world, this
study was obtained using data from the World Happiness Report (WHR)
2020 and the WHR 2021. By taking the life ladder dependent variable
stated in the report, the variables related to the occurrence of happiness
were analyzed using regression analysis of 8 variables. The world as it is
known is grappling with the Coronavirus disease (Covid-19) pandemic.
For all countries, it is inevitable that the restrictions, negativities or
impossibilities brought by Covid-19 affect their unhappiness. For this
reason, the years 2019 and 2020 were evaluated separately and we
evaluated the factors affecting the life ladder of countries with regression
analysis within the framework of Covid-19. As a result, it has been
determined that the factors that make people happy, according to WHR,
vary after the Covid-19 pandemic. The positive effect variable in the model
in 2019 was separated from the model in 2020 and replaced by the variable
of freedom to make life choices.

Oz

Psikoloji, felsefe, sosyoloji, biyoloji, din gibi birgok alanda mutluluk
anlatilmaya c¢alistlmistir. Diinyada mutluluk kavraminin ~ stirekli
giincellenmesi nedeniyle bu ¢aligma Diinya Mutluluk Raporu (WHR) 2020
ve WHR 2021 verileri kullanilarak elde edilmistir. Raporda belirtilen
yasam merdiveni bagimli degisken olarak alinarak, mutluluk olusumu 8
degisken ile regresyon analizi kullanilarak elde edilmistir. Bilindigi gibi
diinya Koronaviriis hastaligi (Covid-19) salgim ile bogusmaktadir. Tiim
iilkeler i¢in Covid-19'un getirmis oldugu kisitlamalarin, olumsuzluklarin
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yada imkansizliklarin mutsuzlugunu etkilemesi kacinilmazdir. Bu nedenle
2019 ve 2020 yillar1 ayr1 ayr1 degerlendirilmistir ve Covid-19 gercevesinde
regresyon analizi ile iilkelerin yasam merdivenlerini etkileyen faktorler
ortaya ¢ikarilmistir. Sonug olarak, Covid-19 pandemisinden sonra WHR'ye
gore insanlar1 mutlu eden faktorlerin degiskenlik gosterdigi tespit
edilmistir. 2019 yilinda modelde yer alan olumlu etki degiskeni 2020
yilinda modelden ayrilarak yerine yasam tercihlerini yapma 6zgiirligii
degiskeni girmistir.

1. INTRODUCTION

Some changes in the sources of happiness are also observed with the effect of the pandemic.
Relationships, health and safety issues are cited as a source of happiness compared to before the
pandemic, while Time and Money are less frequently mentioned compared to previous years. On the
other hand, within the scope of Ipsos' research; Being healthy and being in good physical condition
(55%) ranked first among the sources of happiness [1]. There are many studies in the literature showing
how many epidemic diseases affect people's quality of life [2,3]. Bas et al. [4] presented whether the
perception of well-being makes a difference with gender. The 2020 WHR investigates how happy its
citizens, unaware of the Covid-19 epidemic, which affected the whole world towards the end of the year,
perceive themselves as happy [5]. The 2021 WHR focuses on the effects of Covid-19 and what people
from all over the world experience [6]. There are many other studies on happiness in the literature. Eralp
et al. [7] reveals the polarization and inequality level of life satisfaction and happiness in Turkey. In the
study, he examined the determinants of life satisfaction and happiness in the context of religion, income
distribution, ideology and trust. Gascoin et al. [8] examined the relationship between preschool teachers'
career adaptability and happiness-enhancing strategies they use for children. Helliwell et al. [9]
discussed the variables of meaning of work and meaning of life, which are thought to be determinants
of happiness in the sample of accounting professionals. Helliwell et al. investigated the effects of
participation in sports activities of women who are members of sports centers on their happiness levels
according to socio-demographic variables. Limanli [11] investigated the effect of a tax burden on
happiness levels at a provincial level in Turkey through spatial econometric models for 2013 and 2015.
Lu et al. [12] examined the relationships between individuals' positive childhood experiences,
perceptions of happiness, and psychological resilience. Maruf and Altintas [13] examined the
relationship between leisure time satisfaction and happiness levels of oil wrestling athletes participating
in oil wrestling. Sapsaglam et al. [14] investigated to examine the predictive relationship between
emotional intelligence, fear of happiness and humor styles in adolescents. Wood et al. [15] examined
the opinions of occupational safety specialists, who are indispensable for working life and working
under difficult working conditions, about their work and work and the relationship between life
satisfaction, well-being and happiness. Yildiz [16] aimed to analyze the effect of organizational
democracy on the organizational happiness levels of employees within the framework of the studies in

the field of organizational happiness and organizational democracy in the literature.
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For all countries, it is inevitable that the restrictions, negativities or impossibilities brought by
Covid-19 affect their unhappiness. In this study, it was tried to determine the reactions of individuals
happiness levels to changes. How individuals' perceptions of life satisfaction changed according to
certain factors were examined. In addition, it was desired to create a model of happiness with the
regression model created. An introduction is given in the first part of this article. The second section
includes the material and method. The results of the analysis are given in the section 3, discussion in the
section 4 and the conclusions in the last part respectively.

2. MATERIAL AND METHODS
2.1 World Happiness Report

The United Nations traditionally publishes the WHR every year. In this report, the effects of
Covid-19 on the structure and quality of people's lives were researched, and also the struggle of all
governments of the world with the pandemic was discussed to define and evaluate how he copes with
the pandemic. This report includes life ladder, by asking respondents to imagine a ladder, the top of the
ladder represents the best life possible for you, and the lower part of the ladder represents the worst life

possible for you. Many variables are used in this report.

For the Log gross domestic product (GDP) per capita variable, GDP per capita statistics in
purchasing power parity are taken with international dollar prices. Social support is explained in the
following. The national average of the binary responses (either 0 or 1) to the GWP question. If you were
in trouble, do you have relatives or friends you can count on to help you whenever you need them, or
not? Healthy life expectancy at birth is based on data extracted from the world health organization's

global health observatory data pool in 2020.

Freedom to make life choices is explained in the following. Are you satisfied or not satisfied
with your freedom to choose what to do with your life? Generosity, Gallup World Poll (GWP) in GDP
per capita "Did you donate to a charity last month?" is the remnant of the decline of the national average

given to the question.

Perception of Corruption: The measure is the national average of survey responses to two
guestions in the GWP. Positive affect is defined as the average of three positive impact measures in
GWP: happiness, laughter, and pleasure in the Gallup World Survey waves 3-7. These measurements
are the answers to the following three questions in order.What did you feel during many days yesterday?
how about happiness? ", did you laugh too much yesterday or did you laugh?" and have you experienced

the following emotions yesterday many days? what about joy? "

Negative impact is defined as the average of three adverse impact measures in GWP [6].

Negative affect is measured by asking respondents whether they experienced specific negative emotions
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during a lot of the day yesterday. Negative affect, for each person, is given by the average of their yes
or no answers about three emotions: worry, sadness, and anger. National averages are created in the

same way as for positive affect.

As seen in Figure 1, according to the 2021 WHR, for the fourth time, Finland ranked 1st as the
happiest country in the world. It was at the top of the list. Denmark, Switzerland, Iceland, the
Netherlands, Norway, Sweden, Luxembourg, New Zealand and Austria followed [17]. The United
States ranks 19th, and Turkey ranks 104th.

Afghanistan was the least happy country in the report. According to the 2021 WHR, more than
a third of the countries experienced a significant increase in negative emotions due to the impact of the
epidemic.

@ Explained by: GDP per capita

@ Exploined by: social support ® :

@ Explained by: healthy life expectancy @ Dystopla (1.97 siclun
H 95% confidence irterval

Finland (7.809)

Denmark (7.646)
Switzerland (7.560)
Iceland (7.504)

MNorway (7.488)

Netherlands (7.449)
Sweden (7.353)

New Zealand (7.300)
Austria (7.294)

Luxembourg (7.238)

-
R
w
-~

Figure 1. World Happiness Report Global Ranking for 2021 WHR
2.2 Datasets

The assessments include 133 countries for the 2020 WHR and 81 countries for the 2021 WHR.
Life ladder was taken as a dependent variable. Independent variables are log gdp per capita, social
support, healthy life expectancy at birth, freedom to make life choices, generosity, perceptions of
corruption, positive affect, negative affect. The data was analyzed by using Statistical Package for the
Social Sciences (SPSS)-26.0 program. Regression Analysis were used. p <0.05 was considered

statistically significant.
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2.3 Multiple Lineer Regression

Multiple regression model, ¥; = Bo + B1 X1 + BoXiz + -+ + BpXip +&j;i=12,..,n  j=
1,2,..., k is defined as, In equality; Y;: the observed ith value of the dependent variable., X;;: The value
of the jth argument at the ith level, g;: the jth regression coefficient, g;;: Error term, k: indicates the
number of independent variables. In order to apply multiple regression analysis (in order to estimate
parameters using the least squares estimation method), some assumptions must be valid. These
assumptions are; There is no multicollinearity between the independent variables, the distribution of the
error term (g) is normal, the variance of the error term should be constant for all X values, there is no
correlation (autocorrelation) between the error term values, the difference between the error term (g;)
and the independent variables (X;) covariance should be equal to zero, that is, it can be expressed as
there is no relationship between &i and independent variables [18]. In order to determine whether there
is a multicollinearity [19], the correlation matrix between the independent variables is used. Variance
inflation values (VIF); As these values get larger (VIF values > 10), it can be said that there is a
multicollinearity between the relevant independent variables. In general, when the VIF value is above

10, the presence of multicollinearity between those variables is accepted.

3. EXPERIMENT

Table 1 contains descriptive statistics for WHR's 2020 and 2021 variables. These variables are
life ladder, log GDP per capita, social support, healthy life expectancy at birth, freedom to make life

choices, generosity, perceptions of corruption, positive affect, negative affect.

Table 1. Descriptive Statistics of demographic attributes in the data set

2020 WHR 2021 WHR

Variables Std. Std.

Mean Deviation N Mean Deviation
Life Ladder 5,2917 1,26430 133 5,8736 0,99758 81
Log GDP per capita 8,6321 2,10299 133 9,746 0,94884 81
Social support 1,0914 0,81494 133 0,8437 0,1102 81
Healthy life 58,2235 1919366 133 66,9773 6,10818 81
expectancy at birth
Freedom to make life 0,7714 013357 133 0,8194 0,09425 81
choices
Generosity 6,1449 17,41822 133 -0,0047 0,13952 81
Perceptions of 0,7235 017971 133 0,709 0,20294 81
corruption
Positive affect 0,6363 0,25220 133 0,7215 0,08472 81
Negative affect 0,3417 0,17420 133 0,2906 0,0749 81

In the model created for the 2019 WHR, log gdp per capita, freedom to make life choices,
generosity, negative impact variables, which is one of the valid criteria for the application of multiple

regression analysis, which causes the multicollinearity problem, were removed. The analysis was
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repeated (VIF <10). In addition, the Durbin Watson statistical value was found to be 2.007. There is no
autocorrelation in the model. The normality of the distribution of the error term (€) can be seen in Figure

2(a), where the assumption is met.

Normal P-P Plot of Regression Standardized Residual Normal P-P Plot of Regression Standardized Residual
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Figure 2. Graph showing normal distribution of errors

Figure 3(a) checked whether there was a heteroscedasticity problem and the extreme values
were also calculated by taking into account the Mahalanobis distance. There is no heteroscedasticity

problem and extreme value problem in the model.

In the model created for 2020 WHR, the log gdp variable per capita, which has more than 0.80
relationship with other independent variables, was excluded from the model and the analysis was
repeated. VIF was found to be <10. In addition, the Durbin Watson statistics value was found to be
1.928. There is no autocorrelation in the model. The normality of the distribution of the error term (g)
can be seen in Figure 2(b), where the assumption is met. Figure 3(b) checked whether there was a
problem of heteroscedasticity, and extreme values were also calculated by taking into account the
Mahalanobis distance. There is no heteroscedasticity problem and extreme value problem in the model.
For the model obtained after providing the validity criteria for the application of multiple regression
analysis; When Table 2 is examined, it is seen that according to the 2020 WHR report, the variables in
the model explain the model, at a rate of approximately 79.8%, while according to the 2021 WHR report
approximately 78.8%.
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Figure 3. Heteroscedasticity problem

Table 2. Model Summary

Year R Square Adjusted R Square
2019 0,798 0,793
2020 0,788 0,768

It can be seen from Table 3 that the models created for the years 2020-2021 are meaningful. (p

<0.05).
Table 3. ANOVA

F-statistic Sig.
Regression
2019 Resid 134,719 ,000
Total
Regression 38,739 ,000
2020 Resid
Total
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When Table 4 was examined, it was seen that according to the 2020 WHR report, the variables
social support, healthy life expectancy at birth, perceptions of corruption, and positive affect
significantly explained the life ladder variable (p <0.05). According to the 2021 WHR report, it was
determined that the effect variables Social Support, healthy life expectancy at birth and perceptions of
corruption significantly explained, while the other variables were not found to be significant for 2021

in Table 5.
Table 4. Coefficients of attributes in the data set for 2020 WHR

Variables 2020 WHR

Standardized Coefficients B Sig. VIF
Social support 1,094 0,000 5,503
Healthy life expectancy at birth 1,316 0,000 6,349
Perceptions of corruption -0,142 0,001 1,094
Positive affect 0,401 0,000 4,475

There are no insignificant variables in the model that emerged for the 2020 WHR report

(p<0.05). As a result, our multiple regression model is as follows.

Life ladder for 2020 WHR=-2,325+1,094X,+1,316X,-0,142X5+0,401X,

Table 5. Coefficients of attributes in the data set for 2021 WHR

Variables 2021 WHR

Standardized Coefficients B Sig. VIF
Social support 0,407 0,000 2,382
Healthy life expectancy at birth 0,314 0,001 2,712
Freedom to make life choices 0,134 0,100 2,219
Generosity -0,032 0,608 1,297
Perceptions of corruption -0,192 0,007 1,642
Positive affect 0,031 0,670 1,827
Negative affect -0,078 0,254 1,584

In multiple linear regression analysis, the contribution of some of the independent variables
forming the model to the model may be insignificant. Therefore, it is necessary to determine the

independent variables that will explain the dependent variable in the "best fit" way and to exclude

unimportant variables from the model.

At this stage, the most accurate model will be obtained by determining the variables that do not
contribute to the model by using the backward selection method. In the first step, all variables are

included in the model. In the next steps, one at a time, the independent variable with the lowest partial

F value is discarded and the process continues.
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The contribution of the discarded variable is tested each time. If the contribution of the discarded
variable is statistically significant, the discarding process is not performed and the process is stopped
there [20].

As seen in Table 6, the following multiple regression model was obtained by removing the
nonsignificant variables (p>0.05) in the model that emerged for the 2021 WHR report. R? value of the

final model obtained for the year 2020 was 78.3% and the standard error was 0.47.

Table 6. Coefficients of attributes in the data set for 2021 WHR

. 2021 WHR
Variables : — :
Standardized Coefficients B Sig.
Social support 0,436 0,000
Healthy life expectancy at birth 0,319 0,000
Freedom to make life choices 0,158 0,015
Perceptions of corruption -0,215 0,001

Our multiple regression model for 2021 WHR is as follows.

Life ladder for 2021 WHR=-1,560+0,436X,+0,319X,+0,158X5-0,215 X,

Social support, healthy life expectancy at birth, perceptions of corruption, and positive affect
were the most influential factors on the life ladder of countries for 2019. The most influencing factors
for 2020 are social support, healthy life expectancy at birth, perceptions of corruption, and positive affect
freedom to make life choices. The variables that affected the life ladders least were generosity, and

negative affect variables.

4. DISCUSSION

In 2019, the variables of social support, healthy life expectancy at birth, perceptions of
corruption, and positive affect were the factors that most affected their happiness. However, when we
look at the 2020 result, the factors affecting people's happiness have changed. Freedom to make life
choices variable was included in the model for 2020. The positive effect variable came out of the model.
Freedom to make life choices, as it is known, has become limited with Covid-19. Before Covid-19, such
a variable was not included in the model because people were already able to make free choices with
their own decisions. With the pandemic, curfews, having to wear masks and taking away their freedom
to be wherever they want whenever they want, this variable has become meaningful for the happiness
factor. On the other hand, among the reasons for the positive affect variable to leave the model, it can
be interpreted as if it left the model, since people's laughter and cheerfulness were very low and its

contribution to the model was low.
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5. CONCLUSION

In this study, it was examined whether the factors affecting happiness vary in the Covid-19
environment. As a result, it has been determined that the variables that make people happy differ
between 2019 and 2020, and Covid-19 overshadows the happiness of its people. According to the WHR,
more than a third of the countries experienced a significant increase in negative emotions due to the
impact of the epidemic. For all countries, it is inevitable that the restrictions, negativities or
impossibilities brought by Covid-19 affect their unhappiness. After the Covid-19 pandemic, it has been
observed that the factors that make people happy, according to WHR, vary. The variable Freedom to
make life choices, which was not seen in 2019, entered the model, while the positive effect variable left
the model. So we have seen how much our making free decisions and being cheerful during the day

affect our happiness in our lives with the pandemic.
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ABSTRACT

Antioxidants prevent many diseases by eliminating the harmful effects of
free radicals. In this study, it was aimed to determine the antioxidant
capacity of Nasturtium officinale extracts prepared by different methods,
as well as to determine the Ca, Mg, Zn, Fe, K minerals. Antioxidant
activities of methanol and water extracts of Nasturtium officinale were
determined by different in vitro methods such as DPPH, ABTS, DMPD,
CUPRAC, FRAP, and Fe®* Fe®* reduction assays. The results were
compared with the standard antioxidants (BHA, BHT, and Trolox). Both
water and methanol extracts presented high antioxidant potential on ABTS
free radical scavenging assay. While water extract showed better
antioxidant properties in the DMPD experiment, methanol extract showed
higher antioxidant properties than water extract in other methods. In
addition to the chlorophyll, carotenoid, total phenolic, and total flavonoid
analyzes of Nasturtium officinale, beneficial minerals of the plant were
also revealed in ICP-MS. We determined that Nasturtium officinale is an
important herb with a good source of minerals.

Oz

Antioksidanlar, serbest radikallerin zararli etkilerini yok ederek birgok
hastaligi 6nler. Bu ¢aligmada, farkli yontemlerle hazirlanan Nasturtium
officinale ekstraktlarinin antioksidan kapasitesinin belirlenmesinin yani
sira Ca, Mg, Zn, Fe, K mineralleri i¢eriginin belirlenmesi amaglanmustir.
Nasturtium officinale'nin metanol ve su ekstraktlarinin antioksidan
aktiviteleri DPPH, ABTS, DMPD, CUPRAC, FRAP ve Fe® Fe?*
indirgeme deneyleri gibi farkli in vitro yontemlerle belirlendi. Sonuglar,
standart antioksidanlar (BHA, BHT ve Trolox) ile karsilagtirildi. Hem su
hem de metanol ekstraktlari, ABTS serbest radikal siipiirme tahlilinde
yiiksek antioksidan potansiyel gosterdi. DMPD deneyinde su ekstrakti
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daha iyi antioksidan Ozellik gdosterirken, metanol ekstrakti diger
yontemlerde su ekstraktindan daha yiiksek antioksidan ozellik
gostermigtir. Ayrica Nasturtium officinale’nin klorofil, karotenoid, toplam
fenolik ve toplam flavonoid analizlerinin yani sira ICP-MS cihazinda
bitkinin faydali mineralleri de ortaya ¢ikarilmistir. Nasturtium
officinale'nin iyi bir mineral kaynagi olan 6nemli bir bitki oldugunu tespit
ettik.

1. INTRODUCTION

Nasturtium officinale, a member of the Brassicaceae family, is an aquatic plant [1]. Nasturtium
officinale usually grows in freshwaters, marshes, and wetlands. Plants are natural sources that contain
many compounds and minerals that the human body needs. Some of these components show antioxidant
properties. Antioxidants protect from many diseases and damage by balancing the free radicals produced
during metabolic processes [2]. Dietary natural antioxidants reduce the possibility of diseases such as
cancer, cardiovascular diseases, and cataracts [3]. In cases where antioxidant defense systems are
insufficient against free radicals, dietary intake of natural antioxidants is required. Therefore, it becomes
important to determine the antioxidant capacity of foods and plants. Due to the different chemical
properties of antioxidants, different methods have been developed to determine antioxidant capacity.
Among these methods, studies are carried out to find the most efficient method, the cheapest, and easily
reproducible according to the sample, and the methods are constantly renewed by trying different
methods. For this purpose, the antioxidant capacity of Nasturtium officinale was determined by using

different methods and solutions in this study.

The macrominerals K, Ca, Mg and the microminerals Fe and Zn are involved in various
metabolic processes and are important for both humans and other living things. Ca, which is necessary
for humans, is involved in many metabolic events such as bone and dental health, the functioning of
muscle and nerve tissues, communication between the brain and the body, blood circulation, and the
hormonal system [4]. Fe, which is an important mineral for the human body and other living things, is
responsible for the energy metabolism in the organism. It takes part in oxygen transport, electron
transfer, redox reactions. Iron deficiency negatively affects reproductive health, growth, and cognitive
development reduces work capacity, and causes economic losses. It may also cause anemia and mental
disorders in pregnant women and children [4-5]. Previous studies have shown that high heme iron intake
leads to increased body iron stores and is significantly associated with the risk of developing type 2
diabetes mellitus [6]. However, dietary intake of non-heme iron and iron supplements is not associated
with type 2 diabetes [7]. Potassium (K), which is a cofactor for many enzymes, is the most important
cation in the cell. High K concentration is necessary for both cell metabolism, cell division, acid-base
balance as well as O, and CO; transport, energy transfer, protein, and carbohydrate metabolism [4]. Mg

is required for all ATP-utilizing enzymes. Mg also functions as an allosteric activator of enzymes,
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including critical enzyme systems such as adenylate cyclase, phospholipase, and Na/K-ATPase [8-9].
Symptoms of Mg deficiency include vertigo, muscle tremors, and fatigue. One study found that a diet
that increased Mg intake significantly lowered blood pressure [10]. Zinc is an important trace element
for living things, which acts as the active center of many enzymes. Zn also acts as a cofactor for enzymes
such as carboxyl peptidase, alcohol dehydrogenase, and carbonic anhydrase [11]. Decreased sense of
taste, decreased sperm count, growth retardation, skin abnormalities, anorexia, lethargy, delayed wound
healing, dermatitis, diarrhea, baldness, and mental abnormalities may occur in zinc deficiency [12]. In
addition to inadequate and wrong nutrition, diseases caused by mineral deficiency can be seen during
pregnancy and childhood when the need for these minerals increases. For example, as a result of iron
deficiency, weakness, fatigue, decreased cognitive efficiency and difficulty concentrating may be
experienced due to low oxygen delivery to body tissues [13]. In addition, a relationship has been
suggested between low levels of Zn, Fe, Mg and the occurrence of depressive symptoms in
postmenopausal women [14]. Considering the many diseases caused by mineral deficiency and the

economic losses caused by these diseases, it is important to determine the mineral content of foods.

It is important to reveal the antioxidant capacity and minerals in plants to find out their valuable
aspects. Therefore, in this study, we examined the antioxidant activities of Nasturtium officinale, the

amount of minerals in terms of Ca, Mg, K, Fe, Zn.

2. MATERIAL AND METHOD
2.1 Plant Material and Chemicals

The plants used in our study were collected from the natural environment in Kayseri, Turkey.
Dried (watercress) Nasturtium officinale was used by grinding. The plant samples used in our study
were authenticated by Prof. Dr. Hasan AKAN.

Chemicals; ABTS (2, 2-azinobis 3-ethylbenzthiazoline-6-sulfonic acid), trolox (6-hydroxy-
2,5,7,8-tetramethyl chromane-2-carboxylic acid)), BHT (butylated hydroxytoluene-supelco), BHA
(butylated hydroxyanisole), DPPH (1,1-diphenyl-2-picryl-hydrazyl), TPTZ (2,4,6-tris (2-pyridyl)-s-
triazine), neocuproine, DMPD (N,N-Dimethyl-p-phenylenediamine dihydrochloride), TCA

(Trichloroacetic acid-supelco) and CuCl, were purchased from Sigma-Aldrich (Germany).

2.2 The Determination of Chlorophyll and Carotenoid Amount

0.1 g of fresh plant sample was weighed and 10 ml of acetone (80%) was added and

homogenized. The extract (acetone part) was taken and the extraction process was repeated (2 times)
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until colorlessness was obtained and the extracts were collected in a tube. The mixture was filtered and
the volume made up to 25 ml with acetone. Absorbances were recorded at 663 nm, 652 nm, 645 nm,
and 470 nm [15-16].

Chlorophyll amounts were calculated according to the formula below;
Chlorophyll, = (12.7 x Ay, -2.7x A,,.) (v/ (1000 x w)

Chlorophyll, = (22.9 x A, -4.68 x A;) (v/ (1000 x w)
Total Chlorophyll=(27.8xA,)(v/(1000 x w)
Total Carotenoid = (1000 x A, -1.63 x Chlorophyll, x104.96 x Chlorophyll,) /221

(v/(1000 xw) = dilution factor, w : the amount of sample weighed (g),
v : Final volume of extract prepared with 80% acetone (ml).

2.3 Preparation of Samples for Determination of Total Phenolic Amount, Total Flavonoid

Amount, and Antioxidant Capacity

To determine the total phenolic, total flavonoid, and antioxidant capacity, two different extracts
of the plant (water and methanol) were prepared. The collected plant samples were dried in the shade
and crushed with a shredder. To investigate the antioxidant capacity of both hydrophobic and
hydrophilic content of the plant, two separate extractions were prepared in distilled water and methanol.
To prepare the lyophilized extract, 200 ml of distilled water was added to 30 grams of plant sample and
200 ml of methanol was added to 30 grams of plant sample to prepare the evaporated sample. It was
then stirred at room temperature for 12 hours with a magnetic stirrer. The solutions were then filtered
through a filter paper. The prepared agueous solution was frozen in a deep freezer. The frozen extract
was lyophilized in a lyophilizer under the pressure of 50 mm-Hg. The methanol solution was evaporated
at a pressure of 150 millibars and 35°C. To prepare a stock solution from lyophilized and evaporated

extracts, 20 ml solvent (water and methanol) was added in 20 mg extract.

2.4 The Determination of Total Amount of Phenolic

Total phenolic content was determined using the Folin-Ciocalteu reagent [17-18]. The results
were expressed in mg of gallic acid equivalent gallic acid (GAE) per g weight sample. For this 100 pl
extracts were taken into a tube. 900 ul of distilled water and 5 ml of FCR (Folin Ciocalteu reagent 10%)
were added and mixed in a vortex. 5 ml of sodium carbonate (7.5%) was added and mixed in the vortex
for 20 seconds. This mixture was kept in the dark for 2 hours at room temperature. The absorbances

were recorded in the spectrophotometer at 765 nm.
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2.5 The Determination of Total Amount of Flavonoids

0.4 ml of extract was taken to determine the total amount of flavonoids [19-20]. 4 ml of distilled
water and 0.3 ml of NaNO; (5%) were added. After 5 minutes, 0.5 ml of AIClz (10%) was added and
mixed. After 6 minutes, 2 ml of NaOH (1 M) and 3 ml of distilled water were added. The mixture was
mixed and absorbance was recorded at 510 nm. The results were determined as mg equivalent catechin
in the g sample.

2.6 Antioxidant Capacity Analysis

To the determination of DPPHe (1,1-diphenyl-2-picryl-hydrazyl) radical scavenging activity of
water and methanol extracts of Nasturtium officinale, 250 uM DPPHe solution was prepared [21].
Extracts at different concentrations were taken and made up to 3 ml with methanol and 1 ml of DPPHe
was added. Absorbance was recorded at 517 nm after 30 minutes in the dark. As control solution 1 ml
DPPH - solution and 3 ml methanol was used. Antioxidant concentrations (ICso) causing 50% inhibition

were calculated.

To determine the radical scavenging activity of ABTSe (2,2-Azinobis-3-ethylbenzothiazoline-
6-sulfonic acid), ABTS radical was formed by mixing 50 ml of 2 mM ABTS with 25 ml of 2.45 mM
potassium persulfate [22-23]. Before using the ABTS™ radical solution, its absorbance at 734 nm was
adjusted to a value in the range 0.750 nm - 0.800 nm with 0.1 M and pH 7.4 phosphate buffer. The stock
solutions at different concentrations were taken into test tubes and 2 ml of ABTS radical solution was
added and the total volume was completed to 3 ml with phosphate buffer. After 30 minutes of incubation,

absorbances were recorded at 734 nm.

To determine the DMPD radical scavenging activity, 0.4 ml of 0.05 M FeCls and 2 ml of 0.1 M
DMPD solution were added to 100 mL of acetate buffer (pH: 5.3; 0.1 M) to obtain radical cation
(DMPD™) [24]. Before using the DMPD+ radical solution, its absorbance was adjusted to 0.900+0.100
at 505 nm. Solutions prepared at different concentrations were transferred to test tubes. Then, 1 ml of
DMPD"" solution was added to them. After 50 minutes of incubation, absorbances were measured at
505 nm.

To determine the copper ion (Cu?? reducing capacity, 0.01 M CuCl, solution, 7.5x10° M
methanolic neocuprin solution, and 1 M ammonium acetate buffer (pH= 6.5) were added to the samples
taken at different concentrations [25]. After 30 minutes of incubation, absorbance at 450 nm was

recorded.
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The volumes of the samples taken at different concentrations for the determination of
antioxidant capacity by FRAP method were completed to 0.5 ml with buffer solution (pH=3.6 acetate
buffer) [26]. Then, 20 mM FeCl; solution and FRAP reagent (10 volumes of 0.3 M acetate buffer + 1
volume of 10mM TPTZ solution + 1 volume of 20mM FeCls.6H,0 solution) were added to the test

tubes. After 10 minutes, absorbances were recorded at 593 nm.

To determine the Fe** Fe?* reducing capacity, 1 ml 0.2 M phosphate buffer (pH: 6.6) and 1 mi
1% potassium ferricyanide KsFe (CN)s were added to the samples prepared at different concentrations.
After incubation at 50°C for 20 minutes, 1 ml of 10% TCA and 0.25 ml of 0.1% FeCls were added and
absorbance was recorded at 700 nm [27].

2.7 The Determination of Mineral Content Using ICP-MS

Inductively coupled plasma mass spectrometry (ICP-MS) for mineral analysis in the Bruker
aurora M90 model, 0.2 g of plant sample was placed in a microwave tube. 10 ml of nitric acid was added
to it. The solution mixture was mixed and pre-burning was carried out in 10 minutes. Later, the tubes
were covered and fired in a microwave oven. The firing program in the microwave oven was
respectively carried out as follows. Initially, the microwave was heated to 190°Cfor 20 minutes. Then it
was kept at 190°Cfor 15 minutes. The pressure was set at 800 psi, power at 900-1800 watts. Then it was
cooled down from 190°C to room temperature in 15 minutes [28]. Samples taken from the tubes after
burning were completed up to 50 ml with ultrapure water. Analysis was performed on the Bruker brand
aurora M90 model ICP-MS device. Argon gas was used as plasma gas and Hydrogen gas was used as
the purge gas. The hydrogen gas flow rate (milliliters /minute) was set at 80. It was analyzed on ten

standard and blank devices. Calibrations plotted. Then, samples were analyzed.

3. THE RESEARCH FINDINGS

3.1 Total Phenolic, Total Flavonoid, Total Chlorophyll, Total Carotenoid and Antioxidant
Capacity Results

Total phenolic and total flavonoid amounts of Nasturtium officinale are given in Table 1. The
methanol extract is more efficient in phenolic and flavonoid determination analysis than the water

extract.

Chlorophyll and carotenoid amounts of Nasturtium officinale are given in Table 2 The amount

of carotenoid, which has many health benefits, has been determined.
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Table 1. Total phenolic, total flavonoid amounts of Nasturtium officinale

Analysis Water Extract Methanol Extract
Total phenolic content (equivalent gallic 148.5+ 10 mg GAE/g 211.5+6 mg GAE/g sample
acid mg/qg) sample

Total flavonoid amount (equivalent 13.5+3 mg catechin /g
catechin mg /g) sample

81.83+ 8 mg catechin /g sample

Table 2. Chlorophyll and carotenoid amounts of Nasturtium officinale

Analysis Nasturtium officinale
Chlorophyll a 2.24+0.01 mg/g
Chlorophyll b 2.25+0.3 mg/g

Total chlorophyll
Total carotenoid

4.47+0.2 mg/g
1.15 + 0.3 mg/g.

According to Table 2, in the Nasturtium officinale is chlorophyll a = 2.24 + 0.01 mg/qg,
chlorophyll b = 2.25 + 0.3 mg/g, total chlorophyll = 4.47 + 0.2 mg/g. Total carotenoid in Nasturtium
officinale is 1.15 = 0.3 mg/g.

The DPPH free radical scavenging activity of Nasturtium officinale extracts and standard
antioxidants (BHA, BHT, Trolox) was investigated. According to the results, it was found that the
methanol extract of the plant has effective DPPH radical scavenging activity but less than standard
antioxidants. DPPH free radical inhibition percentages of the extracts and standard antioxidants at the
same concentration (40 pug/ml) were determined as Trolox (90.97%) >BHA (83.65%) > BHT (31.53%)
> methanol extract (16.56%) > water extract (6.05%). In addition, the ICso values of the methanol and
water extract of the plant and the standard antioxidants (concentration of a sample to scavenge 50 % of
free radicals) are given in Table 3. ABTS cation radical inhibition percentages of extracts and standard
antioxidants at the same concentration (40 pg/ml) decreased in the order of Trolox (99.53%)> BHA
(99.44%) > BHT (78.87%) > methanol extract (41.55%) > water extract ( 26.06%). The 1Cs, values of
the extracts and standards are given in Table 3. DMPD radical inhibition percentages of extracts and
standard antioxidants at the same concentration (40 pg/ml) decreased in the order of Trolox (69.29%)
>BHA (26.30%) > water extract ( 20.98%) > methanol extract (11.36%). The ICso values of the extracts

and standards are given in Table 3.

Table 3. Radical scavenging ICso values of standard antioxidants and Nasturtium officinale

Standard Antioxidants DPPH Radical ABTS Radical DMPD Radical
and Extracts Scavenging Scavenging Scavenging
BHA 23.07+0.3 pg/ml 13.7+0.1 pg/ml 83.68+6 pg/ml
Trolox 18.79+0.2 pg/ml 18.1£0.1 pg/ml 18.14+2 pg/ml
BHT 63.78+0.1 pg/ml 26.79+0.5 pg/ml

Methanol extract
Water extract

120.92+0.7 pg/ml
320.16+1.9 pg/ml

46.54+0.3 pg/ml
92.03+1.5 pg/ml

220.98+30 pg/ml
97.60+6 pg/ml
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According to Table 3, it is seen that the methanol extract is more efficient than the water extract

in the analysis of antioxidant capacity determination.
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Figure 1. Reducing powers of Nasturtium officinale extracts and standard antioxidants by CUPRAC method

The copper ions (Cu?*) reduction potential of Nasturtium officinale extracts was experimentally

determined and compared with BHA, BHT, and Trolox. At the same concentration (40 ug/ml), the cupric

ions reduction potential of extracts and standard antioxidants decreased in the order of

BHA>BHT>trolox>methanol extract>water extract (Figure 1).

1,6

1,4

1,2
1

0,8

0,6

04
0,2

Absorbance (593 nm)

20 40 60 80

Concentration ( pg/ml )

—o—BHA
BHT
Trolox
water extract

== methanol extract

Figure 2. Reducing powers of Nasturtium officinale extracts and standard antioxidants by FRAP method

The FRAP reducing capacity of Nasturtium officinale extracts was determined and compared

with BHA, BHT, and Trolox. At the same concentration (40 pg/ml), the FRAP reduction capacities of

standard antioxidants and extracts were BHA> trolox> BHT>methanol extract>water extract,

respectively (Figure 2).
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Figure 3. Reducing powers of Nasturtium officinale extracts and standard antioxidants by Fe®* Fe?*
reducing capacity

The Fe** Fe?* reducing capacity of Nasturtium officinale extracts was determined
experimentally and compared with BHA, BHT, and Trolox. At the same concentration (40 pg/ml), the
Fe®* Fe?* reducing capacities of standard antioxidants and extracts were BHA> trolox> BHT>methanol

extract>water extract, respectively (Figure 3).

Both extracts of Nasturtium officinale gave better results, especially in the ABTS assay. In five
methods (DPPH, ABTS, CUPRAC, FRAP, Fe** Fe?* Reducing), methanol extract gave more efficient
results than water extract. But water extract gave more efficient in DMPD radical scavenging method.
Considering the results, the antioxidant property of Nasturtium officinale has been shown
comparatively. The results revealed that Nasturtium officinale has radical scavenging activity and

antioxidant abilities.

3.2 ICP-MS Results

According to the analysis results of Nasturtium officinale given in Table 4, the plant 1554.71 +
1.57 mg/kg Mg, 12628.97 £+ 13.34 mg/kg K, 2023.36 = 9.87 mg/kg Ca, 4387.92 + 60.4 mg/kg Fe and
629.1 £ 0.93 mg/kg Zn contains.

Table 4. Analysis results of Nasturtium officinale in terms of Mg, K, Ca, Fe, Zn minerals

Minerals ppm (mg/kg) R? LOD (mg/L) LOQ (mg/L)
Mg 1554.71£1.57 0.9999 0.38019 1.254628
K 12628.97+13.34 0.9999 0.042626 0.140664
Ca 2023.36+9.87 0.9993 6.032868 19.90847
Fe 4387.92+60.4 0.9998 0.407001 1.343103
Zn 629.1+£0.93 0.9998 0.913527 3.014639

Significance: LOD: Limit of Detection, LOQ: Limit of Quantitation R?: Correlation Coefficient
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According to the mineral analysis results given in Table 4, Nasturtium officinale contains
1554.71 mg/kg Mg, 12628.97 mg/kg K, 2023.36 mg/kg Ca, 4387.92 mg/kg Fe and 629.1 mg/kg Zn.
Nasturtium officinale plant is an excellent plant to meet the mineral needs compared to the amounts (375
mg for Mg, 2000 mg for K, 800 mg for Ca, 14 mg for Fe, 10 mg for Zn) which the Turkish Food Codex
has determined as daily reference intake values for vitamins and minerals [29]. It has been demonstrated
that the plant is a good source of minerals. The mineral content of the plant may vary depending on the

environment in which it grows.

4. CONCLUSION

In this study, the antioxidant capacity of two different extracts of Nasturtium officinale was
investigated from different aspects with six different antioxidant methods, and better results were
observed in ABTS and CUPRAC methods. The methanol extract was showed better results compared
to water extract. Components that dissolve in methanol and are insoluble in water may have been
effective in this. Additionally, the mineral content of the plant, total phenolic amount, total flavonoid
amount, and chlorophyll amount were determined and contributed to the literature. It has been proven
that Nasturtium officinale is a species that can be the subject of much researches in medicine with the
valuable components it contains. The benefits of the Nasturtium officinale that is collected from its
natural environment and not noticed by people are pointed out.
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ABSTRACT

One of the reasons for the formation of emissions in the world and Turkey
is the livestock sector. Methane and nitrogen oxide are the two major
greenhouse released into the atmosphere due to fertilizer management. If
there is no good fertilizer management planning, animal fertilizer formed
in animal husbandry enterprises poses a big problem for the environment
and human health. Collection of fertilizer from shelters, method of
collection, where to store fertilizer, and how to evaluate are among the
most important problems. In this study, greenhouse gas emissions from
animal husbandry in Nigde, Turkey were examined between 2016-2020.
Different animal species were used in the study and the Tier-1 method
defined by the IPCC was used to calculate greenhouse gas emissions. In
addition, the potential for Global Warming that may occur from
greenhouse gas emissions has been determined. As a result of calculations,
N.O (Nitrous oxide) emission was determined to be 1.1x10? tons/year and
CH, (methane) emission to be 134x10% tons/year. The global warming
potential created by these two emissions is 3152x10° tons of CO..

Oz

Diinyada ve Tiirkiye'de emisyon olusumunun nedenlerinden birisi de
hayvancilik sektoriidiir. Metan ve azot oksit, giibre yonetimi nedeniyle
atmosfere salinan baslica iki sera gazidir. Iyi bir giibre ydnetim planlamasi
yoksa hayvancilik isletmelerinde olugan hayvan giibresi ¢evre ve insan
saglig1 icin biiylik bir sorun olusturmaktadir. Giibrenin barinaklardan
toplanmasi, toplanma yontemi, giibrenin nerede depolanacagi ve nasil
degerlendirilecegi en 6nemli sorunlar arasindadir. Bu calismada, 2016-
2020 yillar1 arasinda Nigde ili hayvanciliktan kaynakli sera gazi
emisyonlar1 incelenmistir. Calismada farkli hayvan tiirleri kullanilmig ve
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sera gazi emisyonlarinin hesaplanmasinda IPCC tarafindan tanimlanan
Tier-1 metodundan yararlanilmistir. Ayrica sera gazi emisyonlarindan
olugabilecek kiiresel 1smnma potansiyeli belirlenmistir. Hesaplamalar
sonucunda N,O emisyon 1.1x10® ton/y1l, CH, emisyonu 134x10° ton/y1l
oldugu belirlenmistir. Bu iki emisyonun olusturdugu kiiresel 1sinma
potansiyeli CO, ise 3152x10? tondur.

1. INTRODUCTION

Fast- growing economic developments are increasing dependence on fossil resources around the
world. This leads to energy shortages and environmental pollution crises [1]. Bioenergy, an alternative
to fossil resources, is one of the best options for minimizing such negativity [2]. If biomass is discarded
or not used properly, these wastes have a negative impact on climate change, not only on soil and water
pollution but also on-air quality [3]. As biomass, it contains several organic substances and nutrients

that can pollute the water environment if appropriate use of livestock faces [4].

Among agricultural activities, it is the livestock sector that has the most critical impact on the
quality of the environment, and fertilizer management causes the main share of pollution. Livestock
production is a significant contribution to most economies, and livestock products represent the highest
value of agricultural production for most countries [5]. In recent years, the high intensity of livestock
production has been accompanied by its separation from crop production, as existing livestock
production techniques rely heavily on imported feed for economic profitability. The environmental
impact of intensive fattening livestock is often related to fertilizer management systems and practices
that do not apply current techniques. Given the intensification of animal husbandry, there is a need to

develop technologies and strategies that address relevant environmental concerns [6].

Animal waste storage and evaluation methods, Turkey's water, and soil pollution in terms of
treatment, and adverse conditions are mandatory to improve urgently. In developed countries, necessary
measures are taken to prevent image, water, and soil pollution by implementing regulatory regulations
and certain standards on the conditions for storing and evaluating fertilizer in livestock enterprises [7].
The fact that the conditions for storing and evaluating animal waste in our country, controlled by strict
control mechanisms and effective work to eliminate deficiencies, have still not been done to a sufficient
extent today, are the most important sources of problems in the livestock sector [8]. In our country,
many studies have been conducted by researchers to examine the current state of animal waste storage
and evaluation practices in cattle breeding enterprises, and problem-solving recommendations have been
developed. These recommendations should be considered in the restructuring of animal waste storage

and fertilizer evaluation conditions in enterprises [9].
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From animal fertilizers, gases such as water vapor (H,0), carbon dioxide (CO,), ammonia (NH),
hydrogen sulfide (H.S), carbon monoxide (CO), and hydrogen (H.) are emitted into the atmosphere. In
addition, methane (CH.) gas is released by the degradation of the organic substances contained in these
fertilizers by anaerobic bacteria. Livestock production systems, directly and indirectly, contribute to
atmospheric anthropogenic greenhouse gases through emissions of carbon dioxide (CO,), methane
(CH.,), and nitrous oxide (N.O). The most important greenhouse gases caused by the livestock sector are
methane and nitrous oxide [10]. CH,, mainly from enteric fermentation and manure storage, is a gas that
has 28 times more impact on global warming than CO,. N,O, which results from manure storage and
use, is 265 times more effective on global warming than carbon dioxide. At a time when global warming
is an undeniable danger, greenhouse gas emissions are gases that are effective in creating global climate
change [11]. Although the use of nitrogen fertilizers is a necessity in terms of meeting the needs of the
growing world population, it is known that the effectiveness of nitrogen use leads to significant
environmental problems. The use of nitrogen fertilizers leads to deterioration of soil and water quality,
pollution of underground and above-ground water sources, air pollution, and biodiversity reduction, as
well as increasing greenhouse gas emissions. For this reason, methods of increasing the effectiveness of
nitrogen fertilizers through the use of slow and controlled release fertilizers, nitrification, and the use of
urease inhibitors are proposed to reduce nitrogen pollution [12]. Increasing concerns with the increase
in CH, and N,O gas emissions have led scientists to start focusing on emission sources and accelerate

their prevention and mitigation work.

Du Toit et al. [13] calculated greenhouse gas CH, and N,O emissions from South African pigs,
ostriches, horses, donkeys, mules, and poultry from 2010 data. They stated that a total of 25.7 Gg CH.
and 2.25 Gg N,O emissions occurred [13]. Moeletsi and Tongwane [14] have estimated greenhouse gas
emissions from fertilizer management for South Africa. The Intergovernmental Panel on Climate
Change (IPCC) guidelines on different deceleration levels have also been used in forecasting. As a
result, they found that carbon dioxide produced 3104 Gg methane and 2272 Gg nitrous oxide emissions
in the equivalent of global warming [14]. Paik et al. [15] determined the emission values of livestock
and poultry production in Korea according to the IPCC Tier 1 and Tier 2 approach with comprehensive
data on live animal and poultry populations for the years 1990 to 2010. Methane emissions range from
1.85 Gg to 3.99 Gg for non-dairy cattle and 1.36 Gg to 1.72 Gg for dairy cattle. The study also stated
that nitrous oxide emissions were 1.17 to 2.48 Gg for non-dairy cattle and 0.79 to 1.2 Gg for dairy cattle
[15]. Kara et al. [11] the greenhouse gas emissions produced by livestock activities for Konya, Turkey
were calculated according to IPCC 2006 guidelines. In the study, they determined total fertilizer-induced
methane emissions as 1110.14 Gg [11]. Ersoy and Ugurlu [16] stated that Turkey's total greenhouse gas
emissions from animals are 33 million tons of CO, and that the emission value can be reduced by 1.13%

as a result of biogas production. It was also stated that 4% of the electricity needs per capita can be met
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by the production of biogas [16]. Yayli and Kili¢ [10] have determined the global warming potential
caused by enteric fermentation and manure management of dairy cattle enterprises in Turkey and Bursa
by Tier-1 method. As a result, the global warming potential in Turkey is 53.5 TG CO, and Bursa is 0.70
TG CO, [10]. Ceyhan et al. [17] calculated the carbon footprint of a dairy sheep farm in Nigde, Turkey
using the Tier 1 method to determine the potential for global warming. The total emissions of this farm
from both sources, such as N,O and CH,, are 85535.2 CO, [17]. Nasiru et al. [18] estimated N,O
emissions from different livestock using the Tier 1-2-3 approach according to the manure management
system for five continents. According to the Tier 1 approach, the emission value dominated by farm
animals was 2453 Gg N,O emissions [18]. Sarah et al. [19] calculated greenhouse gas emissions from
livestock in Central Java, Indonesia, covering 2010-2015 using the IPCC 2006 Tier 1 method. CO,
emissions were determined as 1546.26, 1658.38, 1775.99, 1708.46, 1,745.37, and 1817.52 Gg
respectively according to the years. In the study, approximately 1-6% CH, emission per year can be
prevented by anaerobic digestion [19]. Tongwane and Moeletsi [20] have investigated the causal factors
of cattle emissions for South Africa. Regional CH, emissions required for N,O emissions generated by
cattle manure have been identified. 35.37 million tons of CO, equivalent (CO,.) was obtained from the
total emissions for 2019 [20]. Greenhouse gas emissions can occur in many different ways as a result of
animal husbandry activities. Emissions directly generated by livestock activities occur through enteric
fermentation and manure management in animals. As a result of enteric fermentation, methane gas (CH.)
emissions are released, while animal manure emissions are methane (CH.) and nitrous oxide (N,O) gases
[11].

In this study, N,O, CH, emissions that may occur from livestock activities were determined for
Nigde, Turkey between 2016 and 2020. Data in the IPCC 2006 guide was used to calculate greenhouse
gas emissions. In addition, the CO, equivalence of global warming potentials that can be caused by

emissions has been calculated.

2. MATERIALS AND METHOD

Nigde is located in the southeast of Turkey's Central Anatolia Region and the Cappadocia
region. Its altitude is 1229 m and its population for 2020 is 362.071. The number of animals belonging
to Nigde in 2016-2020 is given in Table 1 [21]. This study aims to estimate the global warming potential
of emissions from enteric fermentation and manure management in 2016-2020 decayed from different
animals in Nigde, Turkey. N,O and CH, emissions were calculated using the default emission factors in
the guidance published by the IPCC using the Tier-1 method developed by the IPCC (Intergovernmental
Panel on Climate Change). The CO, equivalents of CH, and N,O gases were examined and the global

warming potentials of different animal species were determined.. When calculating N,O, CH,, and CO,
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emissions, the global warming potentials of these gases were taken as 310, 21, and 1 as the equivalent
of carbon dioxide, respectively [16]. In the calculations, the Turkish Statistical Institute (TUIK) used
the number of animals in the province of Nigde in 2020. According to IPCC 2006 guidelines, it was
found that animals in Turkey were more appropriate to be evaluated within the Eastern European country
category in terms of their physical characteristics, and the emission factor values, which are the most

important criteria in calculations, were selected according to this criterion [22].

Table 1. Number of animals in Nigde, Turkey

Animal 2016 2017 2018 2019 2020
Dairy Cattle 107680 109490 129422 129703 141354
Other Cattle 34224 38414 43047 42303 45402
Water Buffalo 18 7 8 13 11
Sheep 425675 480906 498827 517343 614809
Goat 74714 70574 74142 72485 81328
Horse 408 449 455 368 378
Donkey+Mule 2292 2084 2134 2075 1807
Turkey 13003 11993 10814 10872 10305
Duck+Goose 11981 12641 12509 13520 16231
Meat Chicken 425000 405000 400400 204000 550000
Egg Chicken 631448 745806 725381 666246 559208

Table 2. Formulas and parameters used to determine the theoretical amount of N,O and CH.

Ne,, = 0.365xN, . xM, Q)
N,0, = 1.5714 x [Z Z(Nthex,txMSt,s) xEfss @)
S t
N20g = 1'5714x(Nv—ms * Eﬁ) (3)
Ny_pps = Z Z[Nthex‘txMSt_s x0.01(Fg)¢s (@)
N t
CH4ent = Eftx Ntx 10_6 (5)
CH4man = Z Eftx Ntx10_6 (6)
t

Nex:: Annual N excretion for t type; kg N /animal year

Nrt: N excretion rate; kg N / (1000 kg mass day)

M; : Animal mass for t type; kg/animal

N2Oq: Direct N,O emission for Turkey; kg N2O yr?

Ny-ms: Amount of manure nitrogen lost due to evaporation; kgNyr

Ef;: Direct emission factor from Turkey manure management; N,O-N/kgN
N2Ogq: Indirect N,O emission for Turkey; kg N2O yr?

N: : Number of animals of t type/species

Ef, : Factor for N,O emissions from atmospheric nitrogen deposition; kgN.O-N
MS:s: The fraction of total annual nitrogen excretion by type/species in Turkey
(F9):s : % of managed manure nitrogen for type/species evaporated as NHzand NO
CHoyent: CH4 from enteric fermentation; Cg CH, yr?

CHaman : CH4 from manure management; Cg CH4 yr?

Efi: Emission factor for animal type; kg CH4 head™
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The amount of direct N,O emission was calculated by equations 1 and 2. Indirect N,O emissions

from volatilization, which are in the forms of NH; and N,O, can be calculated theoretically using

equations 3-4.

Solid manure storage was chosen as the manure management system for the nitrogen excretion

fraction, which differs according to each animal species. The default value for N.O emission from
atmospheric nitrogen deposition is 0.01 kg N,O-N (kg NH-N+NO,-N)*, which is given in the IPCC
2006 guideline. Enteric CH, emissions were calculated using equation 5. Methane emissions from

manure management were found with the help of equation 6. Since temperature is an important criterion

for calculating methane gas emissions, the average monthly temperature data of Nigde were obtained

from the General Directorate of Meteorology of Turkey [23].

Table 3. Parameters used for direct N,O calculation

Animal Ngr[mli(r?]zla\llj-(llgfﬁl]kg M. (kg) MS:s(%) [kg Nzo-ENf.z(kg N)*]
Dairy Cattle 0.35 550 100 0.02
Other Cattle 0.35 301 100 0.02
Water Buffalo 0.32 380 100 0.02
Sheep 0.9 485 100 0.02
Goat 1.28 385 100 0.02
Horse 0.3 377 100 0.02
Donkey+Mule 0.3 130 100 0.02
Meat Chicken 11 0.9 100 0.001
Egg Chicken 0.82 1.8 100 0.001
Turkey 0.74 6.8 100 0.001
Duck+Goose 0.83 27 100 0.001

Table 4. Enteric fermentation emission factors

Animal Ef,
Dairy Cattle 99*
Other Cattle 58*
Water Buffalo 55
Sheep 8

Goat 5

Horse 18
Donkey+Mule 10

*According to IPCC 2006 guidelines
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Table 5. Manure management methane emission factor varying with temperature values
Emission Factor

Animal kg CH,head+ year
<15°C 15°C -25°C >25°C

Dairy Cattle * 2 2 3
Other Cattle * 1 1 1
Water buffle* 4 5 5
Sheep 0.1 0.15 0.2
Goat 0.11 0.17 0.22
Horse 1.09 1.64 2.19
Donkey+Mule 0.6 0.9 1.2
Meat Chicken 0.01 0.02 0.02
Egg Chicken 0.01 0.02 0.02
Turkey 0.01 0.02 0.02
Duck+Goose 0.01 0.02 0.02

*According to IPCC 2006 guidelines

3. THE RESEARCH FINDINGS

In this study, N,O, CH,, and CO,emissions from animal husbandry were calculated. According
to the physical characteristics of animals, it has been characteristically recognized as an Eastern
European country, and all values have been selected and calculated from the relevant tables of the IPCC
2006 guide. Nitrous oxide (N,O) values for different animal species covering the years 2016-2020 were
calculated in two different ways: direct and indirect emissions. The emissions obtained as a result of the
calculation are given in Figure 1. A total of 948.93 tonnes of direct N.O emissions were generated
between 2016-2020 Dec. When evaluating the percentage changes of direct N,O emissions by year, total
emissions amounted to 17.3% in 2016, while this figure increased to 22.3% in 2020. The percentage
change between 2018 and 2019 is similar. In 2016-2020, the indirect N,O emission value is 145.27 tons.
Indirect N,O increased by 31.9% between 2016-2020 of total emissions. 86.7% of N,O emissions from
fertilizer management are directly and 13.3% are indirect.

mDi [ ] i
250 Direct ® Indirect

200

150

1OOI I

50

, Hm N N N N

2016 2017 2018 2019 2020
Figure 1. Indirect and direct N,O emissions

215



K. Kumas and A.O. Akyiiz / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 209-220

CH, emissions related to enteric fermentation and manure management for the years 2016-2020,
taking into account animal species, are given in Figure 2. The total enteric fermentation methane value
was obtained as 132.26 x 102 tons, and the methane value formed by manure management was obtained
as 1.79 x 10¢ tons. Enteric fermentation values could not be calculated because there is no data on the

factors of enteric emission for chicken, turkey, goose - duck.

According to the years, CH, emissions were the highest in 2020 and the lowest in 2016. In 2016,
the emission value due to enteric fermentation was 23.79 x 103 tons, while in 2020 this value was 28.77
x 102 tons. CH, emissions from manure management in 2018 and 2019 are almost the same. The total
CH, emission calculated according to both methods is 134.06 x 102 tons. 98.7% of CH., emissions are

caused by manure management, while enteric fermentation accounts for 1.3%.

The CO, potential generated by N,O and CH, emissions for 2016-2020 is given in Figure 3.
According to Figure 3, a total of 3152000 tons of CO, was caused by 2813000 tons of CH, , and 339000
tons of N,O. Considering the total N,O potential, 86.7% is caused by direct N,O emissions, while 13.3%
is due to indirect N,O emissions. 98.6% of the global warming potential due to CH, is due to enteric
fermentation and 1.4% to the fertilizer management system. When the global warming potential is
examined according to years, it has occurred mostly in 2020 and at least in 2016. From 2016 to 2020,
the global warming potential due to N,O increased by 31.9% and the increase due to CH, increased by
21%.

m Enteric  ® Manure Management

30

111

2016 2017 2018 2019 2020

o

a1

o

(&)

Figure 2. CH, emission due to enteric fermentation and manure management
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Figure 3. CO, from N,O and CH, emissions

4. CONCLUSION

Reducing or preventing the impact of greenhouse gases from the livestock sector is very
important in terms of contributing to the slowing down of global warming that threatens our

future. Reducing greenhouse gases also provides for an increase in efficiency at enterprises.

In this study, N,O and CH, emissions that may occur from livestock activities in Nigde, Turkey

between 2016 and 2020 were determined.

The Tier 1 approach included in the IPCC 2006 guidelines was used to calculate greenhouse gas
emissions. In addition, the CO, equivalence of global warming potentials that can be caused by

emissions has been calculated.

N.O has been calculated as direct and indirect emissions according to different animal species,
including the years 2016-2020.

It was found that direct N,O emission was 948.93 tons and indirect N,O emission was 145.27
tons. Total enteric fermentation CH, value was 132.26 x 102 tons, and CH, value generated by manure
management was 1.79 x 102 tons. While the total CH, emission due to enteric fermentation and manure
management system was 24.10x10¢ tons in 2016, this value reached 29.18x10: tons in 2020. Enteric
fermentation values could not be calculated for meat and laying chicken, turkey, goose, duck because

there is no relevant data for enteric emission factor values.

The CO, value created by N,O and CH, emissions is a total of 3152x10° tons. When the global

warming potential between the years 2016-2020 has been evaluated, it occurred mostly in 2020 and at
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least in 2016. From 2016 to 2020, the global warming potential due to N,O increased by 31.9% and

the increase due to CH, increased by 21%.
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MAKALE BILGISI 0z

Makale Tarihi Calisma 2005-2006 yillarinda Bitlis ilinde yiiriitiilmistiir. Calisma ile
Almis, 03 Kasim 2021 Bitlis’te genis alanlarda yetistiriciligi yapilan yem bitkilerindeki zararl ve
Revize, 09 Kasim 2021 yararli bocek tiirlerinin belirlenmesi amaglanmistir. Sorvey sonucunda
Kabul, 12 Kasim 2021 yem bitkilerinde Coleoptera, Hemiptera, Hymenoptera, ve Lepidoptera
Online Yayinlama, 06 Aralik 2021 takimlarina bagli 19 familyadan 46 zararl tiir ile Coleoptera, Hemiptera,
Anahtar Kelimeler Diptera ve Raphidioptera takimlarina bagli 4 familyaya ait 12 yararli bocek

tirli saptanmistir. Yonca hortumlubocegi, Hypera variabilis (Herbest,
1975) (Coleoptera: Curculionidae)’in biitiin yem bitkileri alanlarinda
bulundugu ve ana zararli oldugu gézlenmistir. Bu tiiriin mayis ay1 ortasi ile
haziran ay1 sonu arasinda en biiylik zarar1 yaptig1 tespit edilmistir. Ayrica
Sitona concavirostris Hochhuth, 1851 (Coleoptera: Curculionidae),
Camptopus lateralis (Germar, 1817) (Hemiptera: Alydidae), Nezara
viridula (L.), Dolycoris baccarum (L.) (Hemiptera: Pentatomidae),
Acyrthosiphon pisum (Harris, 1776) ve Therioaphis trifolii (Monell, 1882)
(Hemiptera: Aphididae) tiirlerine tiim sorvey alanlarinda rastlanmis ve yer
yer bu tiirlerin de ciddi zararlara neden olduklar1 goriilmiistiir. Coleoptera
takimima bagli Coccinellidae, Hemiptera takimina bagli Pentatomidae,
Miridae, Nabidae, Hymenoptera takimina bagl Tenthredinidae ve Diptera
takimina bagli Syrphidae familyalarina Bitlis ili genelinde rastlanmistir.
Dogal dengede 6nemli etkileri bulunan Coccinella septempunctata (L.)
(Coleoptera: Coccinellidae)’nin faydali tiirler iginde en yliksek yogunlugu
gosteren tir oldugu tespit edilmistir. Diger faydali tiirlerden Adonia
variegata (Goeze, 1777) (Coleoptera: Coccinellidae), Nabis ferus (L.)
(Hemiptera: Nabidae), Eupeodes (=Metasyrphus) corollae (Fabricius,
1794), Melanostoma mellinum L. ve Sphaerophoria rueppellii
(Wiedemann, 1830) (Diptera: Syrphidae) yaygmn ve sik olarak
gortilmiistir.

Bitlis, Yem bitkileri, Fauna, Zararli
tiirler, Yararl tiirler

*Sorumlu Yazar

E-posta Adresleri: hasanmaral@hotmail.com (Hasan MARAL), msozgokce@yyu.edu.tr (Mehmet Salih

0ZGOKCE)


mailto:hasanmaral@hotmail.com
mailto:msozgokce@yyu.edu.tr
https://dergipark.org.tr/tr/pub/dufed
https://orcid.org/0000-0001-9201-8758
https://orcid.org/0000-0002-6777-9149

H. Maral ve M.S. Ozgtkce / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 221-234

ARTICLE INFO ABSTRACT

Article History This study was carried out in the forage crops planting areas in Bitlis
Received. 03 November 2021 province, between 2005 and 2006. The aim of this study was to determine
Revised, 09 November 2021 the harmful and beneficial insect species in forage crops cultivated in large
Accepted, 12 November 2021 areas in Bitlis, Turkey. As a result of the surveys 46 harmful species

Available Online 06 December 2021 belonging to 19 families from order Coleoptera, Hemiptera, Hymenoptera,

Lepidoptera and 12 beneficial species belonging to 4 families from order

Coleoptera, Hemiptera, Diptera and Raphidioptera were determined.

Bitlis, Forage crops, Fauna, Hypera variabilis (Herbest, 1975) (Coleoptera: Curculionidae) was found

Harmful species, Beneficial species to be the most harmful among all forage crops planting areas. It was also
found that this species show the worst harm between in the middle of may
and at the end of june. Sitona concavirostris Hochhuth, 1851 (Coleoptera:
Curculionidae), Camptopus lateralis (Germar, 1817) (Hemiptera:
Alydidae), Nezara viridula (L.), Dolycoris baccarum (L.) (Hemiptera:
Pentatomidae), Acyrthosiphon pisum (Harris, 1776) and Therioaphis
trifolii (Monell, 1882) (Hemiptera: Aphididae) were also found in all areas
of the survey and determined to cause serious harms at times. Coccinella
septempunctata (L.) (Coleoptera: Coccinellidae) which play an important
role in the natural balance emerged the highest density among the
beneficial species. Adonia variegate (Goeze, 1777) (Coleoptera:
Coccinellidae), Nabis ferus (L.) (Hemiptera: Nabidae), Eupeodes
(=Metasyrphus) corollae (Fabricius, 1794), Melanostoma mellinum L. and
Sphaerophoria rueppellii (Wiedemann, 1830) (Diptera: Syrphidae) which
are other beneficial species were found widespread.

Keywords

1. GIRIS

Hayvancilikta istenilen verime ulasilabilmesi icin kaliteli kaba yemlere ihtiya¢ duyulmaktadir.

Ulkemizde yaklagik 2,2 milyon hektarlik alanda yem bitkisi yetistirilmektedir [1].

Cografi kosullar1 nedeniyle iilkemizde hayvancilikta s6z sahibi bolgelerden biri olan Dogu
Anadolu Bélgesinde yer alan Bitlis ilinde 59.096 ha alanda yem bitkisi yetistiriciligi yapilmaktadir. Bu
alan Bitlis’teki toplam arazi varligmin yaklasik %6’sma tekabiil etmektedir. Ulkemizde et ithalatinin
Oniine gecilebilmesi ve hedeflenen hayvan sayisina ulasilabilmesi i¢in mevcut iiretim miktarindan daha

fazla kaba yeme ihtiya¢ duyulacaktir [2, 3].

Yillara gore kaliteli kaba yem agiginin kapatilmasi ve gelecekte ihtiya¢ duyulacak olan miktarin
karsilanabilmesi, ancak yem kaynaklarimin uygun yontemlerle kontrol edilmesi, her tiirli kiiltiirel

Onlemin alinmasi ve hastalik ve zararlilarla miicadele ile miimkindiir.

Bolgede yem bitkilerindeki zararlilar ve dogal diismanlar {izerine az sayida calisma

yuritilmistiir [4, 5, 6, 7, 8].

Gilinlimiiz modern tarimsal savas anlayis ve ¢alismalarinda, organizmalarin diger organizmalar
ve etkenlerle iliskilerini irdeleyip, aralarindaki iligki zincirini bozmadan, zararl popiilasyonlarini kiiltiir

bitkilerinde ekonomik zarar yapamayacak diizeyde tutmak esastir. Bu durum gercevesinde, zararl
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tiirlerin poptilasyon degisimlerinde rol oynayan tiim faktdrlerin, ¢evresiyle birlikte diisliniilmesi ve

zararl popiilasyonlarin1 ekonomik zarar diizeylerinin altinda tutan yararh tiirlerin bilinmesi gerekir.

Bu ¢aligma ile Bitlis ili yem bitkileri alanlarinda bulunan yararli ve zararli béceklerin saptanarak
faunaya ait envanter bilgilerinin gikarilmasinin yan1 sira bunlar igerisinde ekonomik zararli, potansiyel

zararli tiirler ve yararl tiirler ile yayilis alanlarinin belirlenmesi amaglanmistir.

2. MATERYAL VE METOT

Bu galigma 2005-2006 yillarinda Bitlis ili Merkez, Giiroymak, Ahlat, Tatvan, Hizan, Mutki ve
Adilcevaz ilgelerindeki yem bitkileri ekilis alanlarinda yiiriitiilmiistiir. Orneklemeler mayis ve eyliil
aylar1 arasinda iki haftalik periyotlarla yapilmustir. il genelinde iki bigim nadiren yapildigindan sadece
Giliroymak ilgesinde bir sefere mahsus olmak iizere eyliil ayinda arazi ¢ikist yapilmis, diger ilcelere ise
birinci bi¢im yapilincaya kadar sorvey diizenlenmistir. Birinci bigimler haziran ay1 sonunda
tamamlanmustir. Bélgede korunga alanlarinin azligi ve kiigiik pargali olusu bu alanlarin tespitini ve bu
alanlarda sorvey diizenlenmesini zorlastirmigtir. Bu yiizden galigmada sadece Giiroymak ilgesinin
Kustasi ve Sez mevkiinde bulunan korunga tarlalarina sérvey diizenlenmistir. Bunun diginda 6rnekleme

calismalarinin tiimii yonca alanlarinda yapilmistir.

Calismada ilagclanmamis yem bitkileri alanlar1 sec¢ilmistir. Her ilce bir o6rnekleme bdlgesi
seklinde diisiiniilerek ilgeyi en iyi temsil edebilecek yem bitkileri tarlalarinin bulunduklar yerlerden
ornekler alinmistir. Boylece her drnekleme bolgesinde bulunan yem bitkileri tarlalarindan ekolojik
olarak farkli 6zelliklere sahip olduklar1 goriilen dere kenari, ova, sulak alan veya daha yiiksek daglik
alanlar gibi bolgelerde rastlanan tarlalardan 6rneklemeler yapilmistir. Her ilgede en az bes tarlaya sorvey
diizenlenmistir. Orneklemelerde atraplama, tarlada kdsegenler yoniinde gidilerek bes dekardan kiigiik
alanlar icin rastgele 100—150, bes dekardan biiyiik alanlar igin 150-200 atrap sallanmasi seklinde
yapilmigtir. Atraplamanin yani sira, tarlada kosegenler istikametinde gidilerek bes dekardan kiiglik
alanlar i¢in 8—10, bes dekardan biiyiik alanlar i¢in 14—16 nokta se¢ilmis ve her noktadan 2-3 bitki kok
bolgeleri ile birlikte sokiilerek bitkilerin kok, sap, yaprak, ¢icek ve tohumlar1 incelenmistir. Ayrica
sokiilen bolgedeki toprak i¢inde zararli aranmistir. Bulunan gesitli donemdeki zararlilar ve faydalilardan
teshis i¢in Ornekler alimmustir. Yaprakbiti ornekleri tarlada %70’1lik alkolle doldurulmus ephendorf

tiiplerine konulmustur.

Elde edilen 6rnekler dldiirme sisesine alinarak oldiriildiikten sonra agz tiilbentle kapli plastik
kavanozlara aktarilmistir. Daha sonra etiketleri yazilarak ayrim, sayim ve tasnifleri yapilmis ve

laboratuvarda ignelenerek teshis edilmek tizere koleksiyonlar1 olusturulmustur. Yakalanan boceklerin
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tanis1 eldeki teshisli 6rnekler dikkatlice incelendikten sonra familya diizeyine kadar yapilmis ve tiir

diizeyinde teshis edilmek lizere konu uzmanlarina génderilmistir.

Coleoptera takimma bagli Coccinellidae familyasina ait tiirlerin teshisi Prof. Dr. Nedim
UYGUN (Cukurova Universitesi Ziraat Fakiiltesi Bitki Koruma Béliimii - Adana), Lepidoptera takimina
ait tiirlerin teshisini Prof. Dr. Ahmet Omer KOCAK (Yiiziincii Y1l Universitesi Fen Edebiyat Fakiiltesi
Biyoloji Boliimii - Van), Hemiptera takimina bagl Cicadellidae familyasina ait tiirlerin teshisini Prof.
Dr. Hiiseyin BASPINAR (Adnan Menderes Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii -
Aydin), Diptera takimina bagli Syrphidae familyasina ait tiirlerin teshisini Prof. Dr. Riistem HAYAT
(Atatiirk Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii - Erzurum), Coleoptera takimina baglt
Chrysomelidae familyasma ait tiirlerin teshisini Prof. Dr. Irfan ARSLAN (Atatiirk Universitesi Ziraat
Fakiiltesi Bitki Koruma Boliimil - Erzurum), Hymenoptera takimina bagl Tenthredinidae ve Apidae
familyalarina ait tiirlerin teshisini Prof. Dr. Erol YILDIRIM (Atatiirk Universitesi Ziraat Fakiiltesi Bitki
Koruma Boliimii - Erzurum), Hemiptera takimina bagli Cercopidae familyasina ait tiirlerin teshisini
Prof. Dr. Unal ZEYBEKOGLU (Ondokuz Mayis Universitesi Fen Edebiyat Fakiiltesi Biyoloji Boliimii
- Samsun), Hemiptera takimina bagl tiirlerin teshisini Prof. Dr. Ahmet DURSUN (Amasya Universitesi
Fen Edebiyat Fakiiltesi Biyoloji Bolimii - Amasya), Coleoptera takimina bagli Curculionidae
familyasina ait tiirlerin teshisini Prof. Dr. Levent GULTEKIN (Atatiirk Universitesi Ziraat Fakiiltesi
Bitki Koruma Boliimii - Erzurum), Raphidioptera takimina bagli Raphidiidae familyasina ait tiirlerin
teshisini Prof. Dr. Ali SATAR (Dicle Universitesi Fen Fakiiltesi Biyoloji Boliimii - Diyarbakir),
Hemiptera takimina bagl Aphididae familyasina ait tiirlerin teshisini Dog. Dr. Isil OZDEMIR (Zirai
Miicadele Merkez Arastirma Enstitiisii-Ankara) ve Coleoptera takimina bagli Chrysomelidae ve
Cerambycidae familyasina ait tiirlerin teshisini Dr. Semra TURGUT (Gazi Universitesi Fen Edebiyat
Fakiiltesi Biyoloji Boliimii - Ankara) yapmustir.

3. ARASTIRMA BULGULARI

Caligma sonucunda 5 takima ait 19 familyaya bagli 46 fitofag tiir tespit edilmistir. Tilir sayisi
coklugu dikkate alindiginda 19 tiir ile Hemiptera takimu ilk sirada yer almig, onu sirasiyla 12 tiir ile

Coleoptera, 11 tiir ile Lepidoptera ve 4 tiir ile Hymenoptera takimi izlemistir (Tablo 1).

Tablo 1. Aragtirma alanindaki yem bitkileri iizerinde 2005-2006 yillarinda saptanan fitofag tiirler

Tiir Ad Yakalandig1 Yer™
1 2 3 4 5 6 7
HEMIPTERA
ALYDIDAE
Camptopus lateralis (Germar, 1817)* Y YK Y Y Y Y Y
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APHIDIDAE
Acyrthosiphon pisum (Harris, 1776)* Y YK Y \ Y Y
Therioaphis trifolii (Monell, 1882)* Y YK Y \ Y Y
CERCOPIDAE
Philaneus spumarius (Linnaeus, 1758)* Y YK Y \ Y Y
CICADELLIDAE
Psammotettix sp. YK Y Y Y
LYGAEIDAE
Peritrechus gracilicornis Puton, 1877* Y Y Y
MIRIDAE
Adelphocoris vandalicus (Rossi, 1790)* Y YK Y Y Y Y
Adelphocoris detritus (Fieber, 1861)* Y Y Y
Grypocoris fieberi Douglas and Scott, 1868* Y YK Y Y Y Y
Grypocoris syriacus Reuter, 1896* Y Y Y
Liocoris tripustulatus (Fabricius, 1781)* Y K Y Y
Exolygus gemellatus (Herrich-Schaeffer 1835)* Y YK Y Y Y Y
PENTATOMIDAE
Apodiphus amygdali (Germar, 1817)
Dolycoris baccarum (Linnaeus, 1758)* Y YK Y Y Y Y
Nezara viridula (Linnaeus, 1758)* Y YK Y Y Y Y
SCUTELLERIDAE
Odontoscelis fuliginosus (Linnaeus, 1761) Y Y Y
Eurygaster integriceps (Puton, 1881)
COLEOPTERA
CURCULIONIDAE
Hypera variabilis (Herbest, 1775)" Y YK Y Y Y Y
Sitona concavirostris Hochhuth, 1851" Y YK Y Y Y Y
Eusomus pulcher Kirsch, 1879" Y Y Y
Eusomus ovulum Germar, 1824" Y Y Y
Lixus incanescens Boheman, 1836 Y Y Y
Araxia sp. Y Y Y
CHRYSOMELIDAE
Gonioctena fornicata (Briiggemann, 1873)" Y Y Y Y
Altica sp. K Y Y Y
Smaragdina limbata (Steven, 1806) Y Y Y Y Y
CERAMBYCIDAE
Chlorophorus varius (O.F Miiller, 1766) Y YK Y Y Y
Plagionotus floralis (Palas, 1773)* Y Y
Chlorophorus nivipictus Kraatz, 1879 Y Y
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LEPIDOPTERA

ARCTIIDAE
Phragmatobia fuliginosa (Linnaeus, 1758) Y Y Y Y
LYCAENIDAE
Polyommatus icarus (Rottemburg, 1775) Y Y Y Y
Lassiommata megera (Linnaeus, 1767) Y Y Y
NYMPHALIDAE
Argynnis paphia (Linnaeus, 1758) Y Y Y
Melitaea cinxia (Linnaeus, 1758) Y Y Y Y
Argynnis niobe (Linnaeus, 1758) Y Y Y Y
PAPILIONIDAE
Iphiclides podalirius (Linnaeus, 1758) Y Y Y
PIERIDAE
Colias crocea (Geoffroy, 1785)* Y Y Y
Aporia crataegi (Linnaeus, 1758) Y Y Y Y Y
Pieris rapae (Linnaeus, 1758) Y Y Y Y
Pontia edusa Fabricius, 1777 Y Y
HYMENOPTERA
APIDAE
Apis mellifera Linnaeus, 1758 Y Y Y Y Y
TENTHREDINIDAE
Macrophya diversipes (Schrank, 1782) Y Y Y Y Y Y
Macrophya cyrus Benson, 1954 Y Y Y Y Y Y
Athalia sp. K Y Y Y Y

* Gozlemler ve literatiir bilgileriyle yem bitkileri zararlist oldugu tespit edilen tiir
**1- Merkez 2- Giiroymak 3- Ahlat 4- Tatvan 5- Adilcevaz 6- Mutki 7- Hizan
Y: Yonca, K: Korunga

Tablo 1’de *isaretli olarak gosterilen 22 tiiriin gozlemler ve literatiir bilgileriyle yem bitkileri
zararlis1 olduklar saptanmistir. Diger tiirlerin ise ¢ok az sayida elde edilmeleri nedeniyle yem bitkileri
ile beslenip beslenemedigi gdzlenememis, ayrica literatiirde de yem bitkilerinde beslendiklerine iligkin

bir bilgiye rastlanmamustir.

Zararl tiirler arasinda gosterilen Hypera variabilis yonca alanlari i¢in tilkemizde kaydedilmis
o6nemli bir zararlidir. Yonca hortumlu béceginin ergin ve larvalari zararlidir. En biiyiik zarari larvalar
yapar. Bitkinin biiyliylip gelismesini saglayan tomurcuk ve siirgiin u¢larimi yedikleri i¢in bitki gelismesi
yavaglar. Hortumlu bdcegin yogun olarak goriildiigii alanlarda bitkiler asir1 zarar goriip kurur ve tarla
boz, glimiisi bir renk alir. Kis1 topraktaki yarik ve ¢atlaklarda ergin halde gegirir [9, 10]. Aydin ili yonca
ekilis alanlarinda yapilan g¢alismada yonca hortumlu bdceginin ekonomik &neme sahip oldugu

belirlenmistir [11]. Bu tiiriin Adana ilindeki Yyoncaliklarda [12], Karadeniz Bélgesi’ndeki yem
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bitkilerinde [13], Ege Bolgesi’ndeki baklagil yem bitkilerinde [14] ve Ankara ve Konya illerindeki
yonca ve korungalarda [15] zarar yaptigi tespit edilmistir. H. variabilis’in Giineydogu Anadolu
Bolgesindeki tiim illerde bulundugu, yine H. variabilis’in Diyarbakir, Sanliurfa ve Mardin illerindeki
yonca alanlarinda ciddi zararlara yol agtig1 ve esas zarar1 mayis ay1 ortasindan haziran ay1 sonuna kadar
yaptig1 bildirilmistir [10, 16]. Bu ¢alismada &zellikle Giiroymak ve Tatvan il¢elerinde H. variabilis’in

ciddi zarar yaptig1 gézlenmistir.

Sitona (Coleoptera: Curculionidae) cinsine ait tiirlerin erginleri bitkinin geng yapraklarini
yiyerek, larvalart ise koklerde beslenerek zarara yol agmaktadir. Toprakta yasayan larvalar koklerdeki
nodoziteler, ana ve yan koklerin yumusak dokulari ile beslenirler. Larvalar bu beslenmeleri sonucunda
kok ciiriimelerine neden olurlar. i1k sene nodozitelerin zarar gdrmesi diger senelerde elde edilecek yonca
kalitesi ve veriminde ciddi diisiislere neden olmaktadir [17, 18]. Bu cinse bagh tiirlere iilkemizdeki
degisik yem bitkileri alanlarinda rastlanmistir [12, 13, 14, 16, 19, 20]. Bu ¢alismada Sitona cinsine bagli
Sitona concavirostris Hochhuth, 1851 Bitlis genelinde goriilmesine ragmen, ekonomik zarar yaratacak

bir yogunlukta olmadig: tespit edilmistir.

Eusomus ovulum Germar, 1824 (Coleoptera: Curculionidae)’un polifag oldugu ve aralarinda
yoncanin da bulundugu bir¢ok bitkinin yapraklarini yiyerek zarara neden oldugu bildirilmistir [21].
Dogu ve Giineydogu Anadolu Bolgesi’nde yapilan g¢alismada E. ovulum’un yem bitkilerinin
yapraklarin1 yemek suretiyle zararli oldugu [19], E. ovulum’un Giineydogu Anadolu Bélgesindeki tim
illerde bulundugu ve konukgulari arasinda yonca ve korunganin da yer aldigi bildirilmistir [16]. E.
ovulum bu calismada Giiroymak, Ahlat ve Adilcevaz ilgelerinde; ayni cinse bagh E. pulcher ise

Giiroymak, Tatvan ve Adilcevaz ilgelerinde diisiik yogunlukta tespit edilmistir.

Gonioctena fornicata (Briiggemann, 1873) (Coleoptera: Chrysomelidae)’nin (Yonca Yaprak
Bocegi) larva ve erginlerinin yaprak ve saplari kemirerek zarar yaptigi, ayrica Orta Anadolu’daki
yoncalarda ciddi zarara sebep oldugu tespit edilmistir [22]. Ankara ve Konya illerinde yapilan
caligmalarda bu zararlinin 6neminden bahsedilmektedir [15]. Adana Balcali’da yoncaya mart-haziran

aylar1 arasinda en biiylik zarari bu tiirtin verdigi belirtilmistir [12].

Dolycoris baccarum (L.) (Hemiptera: Pentatomidae)’un yoncanin da aralarinda bulundugu
bircok bitkide zararli oldugu bildirmistir [23, 35]. Bu tiiriin beslendigi bitkilerin normal olarak
gelisemeyip ¢alimsi bir gériiniim aldigini, tohum kapstillerinde beslendikleri zaman tohumlarin i¢lerinin
bosaldig1 ve ¢imlenme giiclerini kaybettikleri, farkli zamanlarda yapilan caligmalarda bu zararlinin Ege
Bolgesi’nde bulundugu, ayrica Adana ilindeki yonca alanlarinda bu tiiriin goriildiigii agiklanmugtir [12,
24, 25]. Bu tiir Karadeniz Bolgesi’ndeki yem bitkilerinde ve Ege Bolgesi’ndeki baklagil yem
bitkilerinde de tespit edilmistir [13, 14].
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Nezara viridula (L.) (Hemiptera: Pentatomidae)’un iilkemizde biitiin bdlgelerde degisik
yogunluklarda bulundugu ve bu tiiriin ¢ok tehlikeli olan Nematospora coryli Pegl. isimli hastalik
etmenini bitkilere bulastirdig: bildirilmistir [23]. Bu tiiriin ergin ve nimflerinin aralarinda yoncanin da
bulundugu 200 kadar yabani ve kiiltiir bitkisinin sap, yaprak, govde ve tohum kapsiillerini sokup emmek
suretiyle zarar yaptig1, beslenme esnasinda bitkiye zararli olan toksik bir madde salgiladigi, bu sekilde
saldirtya ugrayan bitki dokularinda gelismenin durdugu veya yavasladigi ve porsiimeler meydana
geldigi belirtilmistir [24]. Adana’daki yonca alanlarinda N. viridula’nin en yiiksek ergin popiilasyonunu

haziran ayinda gosterdigi tespit edilmistir [12].

Camptopus lateralis (Germar, 1817) (Hemiptera: Alydidae) yonca dahil birgok bitkide zarar
yapmakta, ergin ve nimfleri bitkilerin 6zellikle tohum kapsiillerinde beslenmekte ve bu sekilde zarar
goren tohumlarin ¢imlenme giigleri azalmaktadir [23, 24, 26]. Bu tiir Karadeniz Bolgesi’ndeki yem
bitkilerinde, Ege Bolgesi’ndeki baklagil yem bitkilerinde ve Adana ilindeki yonca alanlarinda tespit

edilmistir [12, 13, 14]. Calisma sonucunda biitiin survey alanlarinda C. lateralis saptanmustir.

Acyrthosiphon pisum (Harris, 1776) (Bezelye Aphidi) ve Therioaphis trifolii (Monell, 1882)
(Benekli Yonca Aphidi) (Hemiptera: Aphididae) tiirlerinin beslendikleri bitkiler 6nce sarimsi1 daha sonra
kahverengi bir hal almakta, salgiladiklari balims1 madde iizerinde sekonder funguslarin gelismesi
sonucu fumajine neden olmaktadir [23, 27]. T. trifolii’nin baslica konuk¢usunun yonca oldugu, yash
yoncaliklar1 zayiflattigi, yeni dikilenlerin ise cabucak kurudugu, ayrica birgok dnemli viriis hastaligini
bitkilere bulastirdiklar1 bildirilmistir [23, 34]. T. trifolii ve A. pisum tiirleri Karadeniz Bolgesi’ndeki yem
bitkilerinde ve Ege Bolgesi’ndeki baklagil yem bitkilerinde saptanmustir [13, 14]. Bu tiirlerin Adana,
Ankara ve Konya illerindeki yonca ve korunga alanlarinda fazla yogun olmayacak miktarda bulundugu

belirtilmistir [12, 15].

Ulkemizin hemen hemen her tarafinda goriilen Philaenus spumarius L. (Hemiptera:
Cercopidae)’un nimfleri zararli olup, bitkilerin sap, ince dal ve siirgiinlerini sokup emmek suretiyle
zayiflamalarma ve verim diismelerine sebep oldugu ve kiiltiir bitkilerinde 6zellikle otsu bitkilerde
yaptig1 emgi neticesinde bitkinin ¢arpik biiyiimesine neden oldugu, yogun beslenme sonucu siirgiinlerin

rozet haline doniistiigii ve bir¢ok viriis hastaligini bitkilere bulastirdig: belirtilmistir [23, 24, 31].

Yem bitkileri alanlarinda saptanan zararlilarin yani sira bunlarla beslenen dogal diigmanlar da
belirlenmistir. Buna gore bu c¢alismada 4 takima bagli 4 familyaya ait 12 tiir saptanmistir. Dogal
diismanlarim takimlara gore dagilimi incelendiginde 7 tiir ile Coloptera takiminin ilk sirada yer aldigi,
onu sirastyla 3 tiir ile Diptera, 1 tiir ile Hemiptera ve 1 tiir ile Raphidioptera takimmin izledigi

goriilmektedir (Tablo 2).
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Tablo 2. Aragtirma alanindaki yem bitkileri tizerinde 2005-2006 yillarinda saptanan yararli tiirler

Tiir Ad1 Yakalandig1 Yer*

1 2 3 4 5 6 7
HEMIPTERA
NABIDAE
Nabis ferus (Linnaeus, 1758) Y YK Y Y Y Y Y
COLEOPTERA
COCCINELLIDAE
Adonia variegata(Goeze, 1777) Y YK Y Y Y Y Y
Coccinella septempunctata Linnaeus, 1758 Y YK Y Y Y Y Y
Coccinula quatuordecimpustulata (Linnaeus, 1758) Y YK Y Y Y Y
Propylaea quatuordecimpunctata (Linnaeus, 1758) Y Y Y Y Y
Scymnus flavicollis Redtenbacher, 1843 YK Y Y Y Y
Scymnus rubromaculatus (Goeze, 1778) Y Y Y Y Y
Scymnus frontalis (Fabricius, 1787) Y YK Y Y Y Y
DIPTERA
SYRPHIDAE
Eupeodes (=Metasyrphus) corollae (Fabricius, 1794) Y YK Y Y Y Y Y
Melanostoma mellinum Linnaeus, 1758 Y YK Y Y Y Y Y
Sphaerophoria rueppellii (Wiedemann, 1830) Y YK Y Y Y Y Y
RAPHIDIOPTERA
RAPHIDIIDAE
Raphidia ambigua H. Aspck&U.Aspock,1964 Y Y

Coccinellidae familyasindaki tiirlerin ¢ogu avcidir. Larvalar ve erginler yaprakbiti, thrips,
kirmizi 6riimeek ve kosnil gibi boceklerle beslenmeleri nedeniyle son yillarda genis ¢apta biyolojik
miicadelede kullanilmaktadir [28, 29, 30, 31]. Calisma sonucunda biitiin bolgelerde saptanan Coccinella
septempunctata L. ¢cok 6nemli bir yaprakbiti avcisi olup, bahge, tarla, orman, ¢ayir ve mera alanlarindaki
algak ve yliksek boylu bitkiler tlizerinde yogun olarak goriilmektedir [28]. Coccinellidae familyasina
bagli Adonia variegata (Goeze, 1777) polifag bir tiir olup tiiriin yonca ve korungalarda yogun bir sekilde
zarar yapan ve bu ¢alismada da tespit edilen Acyrthosiphon pisum’un yani sira 20 civarinda yaprakbiti
ile beslendigi kaydedilmistir [28, 29, 31, 33]. Calisma sonucunda C. sempetempunctata en yiiksek
yogunlugu gdstermistir. Bu tiiriin en yogun gorildiigi yerler Gliroymak, Ahlat, Tatvan ve Adilcevaz
ilgeleri olarak tespit edilmistir. C. septempuntata disindaki yogun goriilen tiirler A. variegata ve

Scymnus cinsine bagl tiirlerdir.

Nabidae familyasindan Nabis cinsine ait tiirlerin cogunlugu predatér olup kendilerinden boyca
daha kiigiik, yumusak viicutlu olan diger boceklerle, dzellikle yaprakbiti, cicadellid nimfleri, sinek,
kiiciik kelebek larvalart ve bazi hemipter nimflerini avlayarak beslenmektedirler [23]. Bu cinse ait
tiirlerin baz1 durumlarda zararli bécek populasyonunu ciddi anlamda azalttigi, Nabis ferus L.”un Bitlis’te
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bulundugu ve baz1 aphid tiirleriyle beslendigi agiklanmustir [24, 29]. Calismada N. ferus tiim alanlarda
goriilmesine ragmen, en yiiksek yogunlugu haziran ay1 boyunca Giliroymak ve Tatvan (Nemrut Dagi

Etegi) ilgesinde gostermistir.

Bu ¢aligmada tespit edilen Eupeodes (=Metasyrphus) corollae (Fabricius, 1794), Melanostoma
mellinum L. ve Sphaerophoria rueppellii (Wiedemann, 1830) (Diptera: Syrphidae) tiirleri genellikle
avci olup basta yaprakbiti olmak {izere genis bir konukgu kitlesi ile beslendikleri belirtilmistir [29, 30,
32]. Syrphidae familyasina bagh bu {i¢ tiir biitiin ¢alisma alanlarinda gériilmiistiir, ancak E. corollae

tiirliniin Giiroymak ilgesi yoncalarindaki yogunlugu dikkat ¢ekmistir.

4. SONUCLAR

Bu ¢alismada yonca hortumlu béceginin (H. variabilis) basta Giiroymak ve Tatvan ilgeleri
olmak {izere Bitlis ilindeki yonca alanlarinda 6nemli zararlara yol agtig1 ve ¢alisma alaninin tiimiinde
ana zararli oldugu tespit edilmistir. [laglanmayan yem bitkileri tarlalari hem yararli hem de zararl tiirler
i¢in uygun bir ortam olusturmaktadir. Bu nedenle yonca hortumlu bdcegi ile miicadelenin ilaglara
alternatif yontemlerle yapilmasi ve bu sayede diger tiirler i¢in mevcut olan dengenin ilaglamalarla

bozulmasina izin verilmemesi gerektigi kanaatine varilmistir.

Sitona sp. Bitlis genelinde goriilmesine ragmen, mevcut durumda ekonomik zarara neden
olmayacagi degerlendirilmektedir. Ancak, 6zellikle kokte zarar yapmasi ve zararinin giftgiler tarafindan
kolaylikla anlasilamamasi nedeniyle ilerde zarar yapabilecek bu tiir hakkinda gerekli onlemlerin

alinmasi gerekmektedir.

Camptopus lateralis 6zellikle tohumlara zarar veren bir tiir oldugundan tohumluk igin birakilan
yonca alanlarinda bu zararliya karsi 6nlem alinmasinda fayda oldugu kanaatine varilmistir,
Bitlis ilinin tiim il¢elerinde saptanan P. spumarius viriis tasimasi nedeniyle dikkatli olunmasi

gereken tiirlerden biridir.

Calisma sonucunda biitiin sérvey alanlarinda emgi neticesinde dnemli zararlara neden olan ve
cok tehlikeli virlis etmenlerini bitkilere bulastiran Aphididae familyasima bagh T. trifolii ve A. pisum
tiirleri tespit edilmistir. Bu tiirleri baski altinda tutan ve daha fazla ¢ogalip zarar yapmalarini engelleyen
Coccinellidae familyasina bagli C. septempunctata, A. variegata, Syrphidae familyasina bagli M.
corollae, M. mellinum, S. rueppellii ve Nabidae familyasina bagli N. ferus tiirlerine arastirma yapilan
biitiin alanlarda rastlanmistir. Biyolojik miicadelede kilit rol oynayan bu tiirlerin ilaglama ¢aligmalari
sonucu etkinliklerinin azalacagr ve dogal dengenin korunmasimin daha da zorlasacagi g6z ardi

edilmemelidir.
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Bu ¢aligma kapsaminda goriintii isleme uygulamalarinda siklikla tercih
edilen iki boyutlu konvoliisyon isleminin diisiik maliyetli IP ¢ekirdek
olarak FPGA tabanli gerceklenmesi anlatilmistir. Caligma kapsaminda
gelistirilen IP ¢ekirdek ile goriintii iizerinde yatay/dikey Sobel, yatay/dikey
Prewitt, kaydir ¢ikart, algak geciren filtre, yiiksek gegiren filtre ve Gauss
filtre islemleri kullanici tarafindan ayarlanan parametre ile kolaylik
gerceklenebilmektedir. IP ¢ekirdek platform bagimsiz olarak tasarlanmistir
ve tim FPGA ireticileri tarafindan gelistirilen yazilimlarda
sentezlenebilmektedir. 1P ¢ekirdegine ait sentez sonuglari Xilinx
firmasinin Artix 7 100T FPGA’s1 referans alinarak verilmistir. Sentez
sonuglart ¢aligma kapsaminda gelistirilen iki boyutlu konvoliisyon IP
¢ekirdeginin diisiik donanim maliyeti ile FPGA tabanl gergeklendigini
gOstermistir.

ABSTRACT

In this study, FPGA-based implementation of two-dimensional
convolution process, which is frequently preferred in image processing
applications, as a low-cost IP core is explained. With the IP core developed
within the scope of the study, horizontal/vertical Sobel, horizontal/vertical
Prewitt, slide-out, low pass filter, high pass filter, and Gaussian filter
operations on the image can be realized easily with the parameter set by
the user. The IP core platform is designed independently and can be
synthesized in software developed by all FPGA manufacturers. Synthesis
results of the IP core are given by taking Artix 7 100T FPGA of Xilinx as
a reference. The results of the synthesis showed that the two-dimensional
convolution IP core developed within the scope of the study was realized
FPGA-based with low hardware cost.
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1. GIRIS

Yar iletken teknolojilerindeki gelismelerin son zamanlarda hiz kazanmasi ile yiiksek islem
yikii gerektiren goriintii isleme ve video isleme gibi uygulamalarin tek bir donanim {izerinde
gergeklenebilmesi miimkiin hale gelmistir. Birgok alanda uygulanan tek bir donanim {izerinde

gerceklestirilen uygulamalara 6rnek olarak yiiz tanima, plaka tanima, arag igerisinde siiriicii yorgunlugu
verilebilir [1-6].

Giliniimiizde kamera, fotograf makinasi gibi goriintii algilayan sistemlerde kullanilan lens
teknolojilerindeki geligsmeler ile yiiksek ¢oztnirliiklii goriintiiler alinabilmektedir. Sistem tarafindan

alman goriintiiniin ¢6ziiniirligi ile analizleri i¢in gerekli islem yiikii dogru orantili olarak degismektedir.

Literatiirde geleneksel islemci iizerinde gergek zamanli goriintii isleme uygulamalarinin
gergeklenmesine yonelik birgok calisma sunulmustur. Geleneksel islemciler iizerinde uygulamalar
yazilimsal olarak seri mimari ile ger¢eklenebilmektedir. Bu nedenle hizli bir sekilde ¢ikt1 {iretmesi

beklenen uygulamalarin geleneksel islemciler ile gergeklenmesi zor problemlerden biri olmaktadir.

Son zamanlarda yogun islem yiikii gerektiren uygulamalarda paralel veri islem yapabilme ve
veri akist (pipelining) 6zelliklerini donanim mimarisine aktarabilen FPGA’lar, yogun iglem yiikiine
sahip ve kisa siire igerisinde ¢ikt1 iiretmesi beklenen uygulamalarin ger¢eklenebildigi platform haline

gelmistir [7,8].

Yogun islem yiikii gerektiren uygulamalarin baginda gelen goriintii isleme uygulamalarinda da
literatiirde FPGA sikilikla tercih edilen platformlarindan biridir [7,8]. Calisma [1]’de, plaka tanima
sistemi FPGA iizerinde SoC uygulamasi ile ger¢ek zamanli olarak gergeklenmistir. Calisma kapsaminda
goriintii islemede kullanilan yatay/dikey maskeleme ve ikili imge doniistimii algoritmalar1 kullanilmusgtir.
Calisma [3]’te, siiriiciilerde gozlerin kapali olma durumu algilanarak yorgunluk takibi islemleri FPGA
tabanl gerceklenmistir. Gergeklemelerde gri tonlama projeksiyonu, kenar bulma (Prewitt operatorii
kullanarak) gibi goriintii isleme algoritmalarini kullanmiglardir. Calisma [5]’te, ger¢ek zamanli kenar
bulma algoritmalarin1 FPGA tabanli ger¢eklenmistir. Calisma [8]’de imge tizerinde kenar tespiti
islemleri FPGA tabanli olarak gergeklestirilmistir. Yerel ve kiiresel esik (LGT, Local and Global
Threshold) ve mutlak mesafe maskesi algoritmalar1 kenar tespiti i¢in kullanilmistir. Calisma [9]’da
FPGA flizerinde plaka tespiti uygulamasi gergeklestirmiglerdir. Caligmada kullanilan gri imgeye
doniistiirme, morfolojik islemler ve arka plan ¢ikarma ydntemleri donamima aktarilmistir. Caligma
[10]’da plaka yeri bulma islemlerinin FPGA’da donanimsal ger¢eklenmesi asamasinda Sobel
parametreleri kullanarak kenara tespiti, ikili imgeye doniistiirme islemleri gerceklestirilmistir. Calisma

[11]°de yine plaka yeri bulma islemi FPGA tabanli gergeklestirilmistir. Goriintii isleme algoritmalari
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olarak filtreleme, yatay/dikey kenar bulma ve ikili imgeye doniistirme islemleri gergeklestirilmistir.
Calisma [12]’de ortanca filtre, genisletilmig siralama modiilii, yumusatma filtresi, Sobel parametreleri
ile kenar bulma, hareket bulanikligi yontemleri FPGA tabanli gergeklestirilmistir. Calisma [13]’te
FPGA tabanli gerceklestirilen yiiz tanima islemlerinde FFT ve renk uzay doniislimii islemleri
gergeklestirilmistir. Calisma [14]’te ortanca filtre, hizli ortanca filtre yontemleri goriinti isleme
uygulamasinda FPGA tabanli olarak gergeklestirilmistir. Calisma [15]te goriintii isleme
yontemlerinden skaler toplama, Prewitt ve Canny yoOntemleri kullanarak kenar bulma, dalgacik
dontisiimiinii FPGA tabanli ger¢eklemistir. Calisma [16]’da 3 farkli yontem kullanilarak iki boyutlu
konvoliisyon islemini FPGA iizerinde donanimsal ger¢eklemislerdir. Calisma [17]’de gauss filtre ve
kenar bulma islemlerini farkli ¢oziiniirlikteki goriintii iizerinde, [18]’de ortanca filtre ve hizli ortanca

filtre FPGA tabanli gerceklestirmislerdir.

Bu calismada yukarida sunulan literatiir caligmalarinin veya benzer calismalarin FPGA tabanh
gergeklestirilebilmesini kolaylastirmak amaciyla iki boyutlu konvoliisyon islemi, kullanici tarafindan
secilebilen yonteme gore gerceklestirilmektedir. Calisma kapsaminda asagida listelenen yontemleri tek
bir ¢at1 altinda toplanmis, genellestirilmis mimari anlayist ile IP ¢ekirdegi olarak tasarlanmis, platform

bagimsiz, diisiik maliyetli olarak FPGA tabanl gergeklenmistir.

e Yatay/dikey Sobel,

e Yatay/dikey Prewit,

e Kaydir ¢ikart,

o Alcak geciren filtre,

o Yiiksek geciren filtre,

e Gauss filtre

2. IKi BOYUTLU KONVOLUSYON ISLEMI

Sinyal isleme uygulamalarinda oldugu gibi goriinti isleme uygulamalarinda da sikilikla
kullanilan konvoliisyon islemi giris imgesinin tabi tutulacagi yonteme ait parametrelerle gerceklestirilir.
Goriintii tizerinde konvoliisyon, islem yapilacak pikselin komsulugunda bulunan piksel degerleri ile
gerceklestirilmektedir. Denklem (1)’de iki boyutlu konvoliisyon islemi gosterilmistir. Denklem (1)’de
A giris imgesini, K konvoliisyon kernelini ve B konvoliisyon islemi sonucundaki imgeyi gostermektedir.
X Ve y giris imgesinde islem uygulanacak pikselin satir ve siitun indislerini, i ve j islem yapilan kernelin
satir ve siitun indislerini gostermektedir. M ve N ise kernel uzunlugunun satir ve siitun degerlerini

gostermektedir.
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M N
B(x, y)= Z Z K(i.j)A(x-i+M-1, y-j+N-1) 1)

i=l j=1

Konvoliisyon islemleri imgeye iki sekilde uygulanmaktadir. Birinci uygulamada, Denklem
1’den de goriilecegi lizere komsuluk iligkilerinden dolay1 ilk ve son satirlarda/siitunlarda bulunan piksel

degerleri i¢in bu islemleri gergeklestirememekteyiz.

Ornegin X satirli, Y siitunlu imge iizerinde 3x3’liik bir kernel ile gerceklestirilecek konvoliisyon
ile, (1,1)’den (1, Y)’e, (X,1)’den — (X, Y)’ ¢, (1,1)’ den - (X,1)’e ve (1,Y)’den - (X,Y)’e kadar olan
pikseller i¢in islemler gergeklestirilemeyecektir. Konvoliisyon islemleri sonucunda elde edilecek
imgenin boyutlarinda azalma meydana gelecektir. Sekil 1’den de goriilecegi tizere 3x3’lik bir kernel
5x5°lik imge iizerine uygulandiginda cikista 3x3’liikk imge elde edilmektedir. imge satir ve siitiin

boyutunda azalma kernel boyutuna bagli olarak degiskenlik gostermektedir.

K B

Sekil 1. Konvoliisyon Uygulama Yontemi - 1

Ikinci uygulamada ise X satirl1, Y siitunlu imge iizerinde 3x3’liik bir kernel ile gerceklestirilecek
konvoliisyon igin giris imgesinin boyutlar X+2 ve Y+2 olacak sekilde yatay ve dikey kenarlara 0
eklenmektedir. Boylece giris imgesi tizerinde (1,1)’den (1, Y)’e, (X,1)’den — (X, Y)’ e, (1,1)’den -
(X,1)’eve (1,Y)’den - (X,Y)’e kadar olan pikseller iginde islemleri ger¢eklestirlmekte ve ¢ikis imgesinin
boyutu degismemektedir. Sekil 2’den de goriilecegi lizere 5x5°lik giris imgesi 0 eklemeleri yapilarak
boyutu 7x7’e ¢ikmistir. Yeni imge lizerine 3x3’liik bir kernel uygulandiginda ¢ikista 5x5°lik imge
edilmektedir. Giris imgesine eklenecek satir ve siitiin degerleri kernel boyutuna bagli olarak degiskenlik

gostermektedir.

Bu ¢alisma kapsaminda gelistirilen IP ¢ekirdegi 1. yonteme uygun olarak tasarlanmustir.
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Sekil 2. Konvoliisyon Uygulama Yontemi - 2

3. IP CEKIiRDEGIN FPGA TABANLI GERCEKLEMESIi

Sekil 3’te caligma kapsaminda gergeklestirilen 2D konvoliisyon IP ¢ekirdeginin ¢alisma akisi
gosterilmistir. IP tasarimi 3 bloktan meydana gelmektedir. Okuma Adres Ureteci ve Yazma Adres
Ureteci blogu kullanici tarafindan jenerik parametre olan imgenin satir ve siitun sayisinin tanimlandigt

Bu bloklar 2D

Konvoliisyon tarafindan aktif edildikten sonra hafiza biriminden okunacak/yazilacak veri ile ilgili adres

SATIR ve SUTUN parametrelerini referans alarak parametre iiretmektedir.

degerini Uretir.

RAM_A
1] ) o o _
o s o Is 2
SATIR
— | Okuma Adres | kntrl o
SUTUN Ureteci data_y
SATIR
2D Konvollisyon | 4., i Yazma Adres
= Ureteci SUTUN
s1]
el | 1
& & o
< ~ ~
RAM_B

Sekil 3. Konvoliisyon IP Tasarimi Blok Semast

Konvoliisyon islemlerinde her bir piksel degerinin hesaplanmasi i¢in kernel boyut kadar piksel
degerinin hafiza biriminden okunmasi gerekmektedir. Ornegin 3x3’liik bir kernel i¢in toplam 9 piksel
degerinin hafizadan okunmasi gerekmektedir. Yan yana bulunan iki piksel degeri i¢in okunmasi gereken
6 adet piksel degeri aynm1 olmaktadir. Bu dogrultuda tekrar okuma yapmamak amaci ile ¢alismada

Okuma Adres Ureteci birimi sadece aym siitunda 3 piksel degeri okuyacak sekilde tasarlanmustir. 2D
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Konvoliisyon islem blogunda konvoliisyon isleminde kullanilacak verilerin saklandigi hafiza blogu

kernel boyutu ile eslenik olarak kaydirmali saklayici seklinde tasarlanmistir (Sekil 4).

Sekil 4’ten de goriilecegi iizere okunan giincel verilerin hafiza bloguna yazilma iglemlerinde
blokta bulunan veriler siitunda kaydirilmakta ve en sagdaki siitun verileri bloktan g¢ikarilmaktadir.
Giincel veriler ise hafiza blogunun en solundaki siituna yazilarak hafiza blogu giincellenmektedir.
Hafiza bloklarindan okunacak verilerin uzunluklar1 piksel degerlerinin kag bit ifade edilecegine bagl
olarak kullanici tarafindan tanimlanacak VERI_UZUNLUGU parametresi ile belirlenmektedir.

Adres iireteci bloklar tarafindan gergeklestirilecek islemlerde imge piksel degerlerinin kag bit
ile ifade edecegine gore adresler olusturulmaktadir. Imgelerin saklanacag: hafiza birimlerinde her bir
adres degerinde 8 bitik (1 Byte) veri saklanabilmektedir. Caligma kapsaminda gelistirilen IP ile piksel
degerlerinin saklanacagi Byte degerleri Denklem (2)’deki gibi hesaplanmaktadir. Denklem (2)’de Q
piksel degeri icin hafiza biriminde kag Byte’lik alan ayrilmas1 gerektigini gdstermektedir. Ornegin 3,6
ve 8 bit uzunlugu icin Q 1 Byte, 9, 13 ve 16 bit uzunlugu i¢in Q 2 Byte olmaktadir.

Mevcut Hafiza Blogu Yeni Veri Blogu Giincel Hafiza Blogu

Sekil 4. Hafiza Bloguna Verilerin Yerlestirilme Islemleri

Q=ceil(log, VERI_UZUNLUGU) (2

Okuma ve yazma iglemlerinde adres iiretim islemleri Denklem (3) ve Denklem (4)’deki gibi
gergeklestirilmektedir. Denklem (3)’de adres_o ve adres_y sirasi ile okunacak ve yazilacak adres
degerlerini gostermektedir. ni satirda indisini, nj stitun indisini gostermektedir. SUTUN parametresi ise

kullanict tarafindan imge siitun sayisim gostermektedir.

adres_0=Q(ni*SUTUN-+nj) 3)
adres_y=Q(ni*(SUTUN-2)+nj) 4

2D Konvoliisyon islem blogu ile kullanici tarafindan ISLEM parametresi ile belirlenebilecek

kerneller Tablo 1’de listelenmistir. Tablo 1’den de goriilecegi lizere 8 farkli yonteme uygun olarak
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islemler gergeklestirilebilecektir. Cikis degerlerinin yazma birime aktarilmasi sirasinda sadece Gauss
kerneli sonucu 16’ya boliinmektedir. Tablo 1°de gosterilen kerneller gelistirilebilmektedir.

Kernel tanimlamalart i¢in olusturulan tip tanimlamalar1 ve kernel degerlerinin sabit olarak

tanmimlamalar1 Sekil 5°te gosterilmistir.

type K SUTUN is array (0 to 2) of integer;
type K MATRIS is array (0 to 2) of K SUTUN;

type KERNEL array (0 to 7) of K MATRIS;
constant ¢ KERNEL : KERNEL;

Sekil 5. Kernel Tip Tanimlamalari

Kullanic1 tarafindan ayarlanabilecek parametreler olusturulan IP blok tasariminda varlik
tanimlamalarina eklenmistir ve Sekil 6’da generic tamimlama igerisinde gosterilmistir. ISLEM
parametresi gelistirilen uygulamada 8 adet kernel oldugu icin maksimum 8 deger alacak sekilde

tasarlanmistir. Kernel sayisinin arttirilmasi durumunda bu araligin giincellenmesi yeterli olacaktir.

Tablo 1. ISLEM parametresi ile gerceklestirilen kerneller

Islem Kernel Islem Kernel
1121 0|00
Yatay Sobel 0 | 0 | 0 | Kaydir Cikart 0|10
1] -2 -1 0| 0]|-1
-1 . 0 1 0
Dikey Sobel 7 || AlpsEegien 101
Filtre o110

[EEN
1
[BEN
1
[HEN
1
[BEN

ol |k |N|F-
(el Sllelie] )
1
[N

0 Yiiksek Geciren

Yatay Prewitt Filtre

1
[BEN
(o]
1
[BEN

1
[HEN
1
[BEN
1
[HEN
1
[BEN
1
[HEN
1
[BEN

1 0| -1 1| 2 1
Dikey Prewitt 1 | 0| -1| Gauss 2 | 4] 2
1 0| -1 1| 2 1

generic (
SATIR : integer;
SUTUN : integer;
ISLEM : std logic vector (2 downto 0);
VERI UZUNLUGU : integer );

Sekil 6. [P Tasarumina ait generic yapisi

Sekil 7°de ¢aligma kapsaminda gelistirilen IP ¢ekirdegin FPGA tabanli gergeklestirilen testlerini
tanimlayan blok sema gosterilmistir. Testlerin ilk adiminda kullanilacak imgeye ait piksel degerleri 1
Byte veri olarak MATLAB programi ile okunduktan sonra yine ayni program vasitasi ile seri haberlesme

iizerinden FPGA’ya aktarilmaktadir.
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Bilgisayar 4 "\ irolcisii Kontrolciisi [~ | IP Gekirdegi

I
|
I
|
|
I
Seri Haberlesme Hafiza 2D Konvolusyon :
|
I
I
|
I
|
I

Sekil 7. IP blogunun FPGA tabanl gerceklestirilen testlerine ait blok sema

Imgeye ait tiim piksel degerleri FPGA iizerinde Seri Haberlesme Kontrolciisii birimi ile
alindiktan sonra Hafiza Kontrolciisii birimine aktariimaktadir. Hafiza Kontrolciisii birimi ile alinan

tiim piksel degerleri hafiza bloguna (Blok RAM) yazilmaktadir.

Hafiza bloguna yazma islemleri tamamlandiktan sonra konvoliisyon iglemi baslatilmak iizere IP
cekirdege basla komutu iletilir. IP ¢ekirdek imge iizerinde islem yapacagi piksellere ait adres degerlerini
iireterek Hafiza Kontrolciisii’'ne iletir. Hafiza Kontrolciisii adrese ait piksel degerini IP bloguna iletir
ve IP ¢ekirdek tarafindan konvoliisyon islemi sonucunda elde edilen piksel degeri iiretilir. Bu deger
Hafiza Kontrolciisii vasitasi ile IP ¢ekirdek tarafindan iiretilen hafiza adresine yazilmaktadir. Tiim
piksel degerleri i¢in bu iglemler tekrarlandiktan sonra Seri Haberlesme Kontrolciisii ile konvoliisyon
islemi sonucunda elde edilen imge bilgisayara aktarilarak dosyaya yazilmaktadir. Dosyada bulunan
imge bilgileri MATLAB programi ile gorsellestirilmektedir.

Calisgma kapsaminda gelistirilen IP blogun Sekil 7’de verilen akisa gére FPGA tabanl
gergeklenmesi ile elde edilen sonuglar Sekil 8’de gosterilmistir. Sekil 8a’da orijinal imge, Sekil 8b’de
yatay Sobel kerneli uygulanarak elde edilen yeni imge, Sekil 8c’de dikey Sobel kerneli uygulanarak elde
edilen yeni imge, Sekil 8d’de yatay Prewitt kerneli uygulanarak elde edilen yeni imge, Sekil 8e’de dikey
Prewit kerneli uygulanarak elde edilen yeni imge, Sekil 8f’de kaydir ¢ikart kerneli uygulanarak elde
edilen yeni imge, Sekil 8g’de algak gegiren filtre kerneli uygulanarak elde edilen yeni imge, Sekil 8h’de
yiiksek gegiren filtre kerneli uygulanarak elde edilen yeni imge ve Sekil 8i’de Gauss kerneli uygulanarak

elde edilen yeni imge gosterilmistir.

IP blogu kullanarak FPGA tizerinde ve MATLAB 2020b programi ile 512x512 boyutunda imge
tizerinde Sobel filtresinin uygulanmasi i¢in gerekli islem siirelerinin karsilastirilmasi Tablo 2’de
verilmistir. IP blogunun islem siiresi 100 MHz’lik saat darbesi frekansi ile hesaplanmistir. MATLAB
kodlar1 ise Windows 10 isletim sistemine sahip, 17 islemcili, 16 GB RAM’li ve 250 GB SSD harddiske
sahip bilgisayar tizerinde kosturulmustur. MATLAB islem siiresi 100 kosumun ortalamasi olarak
verilmistir. Tablo 2’den de goriilecegi lizere FPGA tabanli gergekleme MATLAB’a gore daha diisiik
siirede iglemleri gerceklestirmistir.
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@ (h) 0]

Sekil 8. 2D Konvoliisyon IP blogunun imge iizerine uygulanmas: (a) Orijinal imge, (b)Yatay Sobel, (c)Dikey
Sobel, (d) Yatay Prewit, (e) Dikey Prewit, (f)Kaydw ve Cikart, (g) Al¢ak Gegiren, (h) Yiiksek Gegiren, (i) Gauss

Tablo 2. Gergeklestirilen IP Blogunun Islem Siiresinin Karsilastirilmasi

Platform Siire (ms)
FPGA 13.005
MATLAB 48.145

Gelistirilen 2D konvoliisyon IP blogunun Xilinx firmasina ait Artix 7 100T FPGA’s1 referans

almarak elde edilen sentez sonuglar1 Tablo 3’de gosterilmistir.

Tablo 3. FPGA Kaynak Kullanimi

Kaynak Kullanilan Mevcut Oran (%)
LUT 427 63400 0.67
FF 90 126800 0.2
BUFG 1 32 3.13
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4. SONUCLAR

FPGA tasarimlarinin gergeklestirilebilmesi yazilim uygulamalarina gore daha fazla zaman ve
kullanict tarafindan donanim tanimlama dili bilmesi zorunlulugu gerektirmektedir. Bu c¢alisma
kapsaminda kullanic1 tarafindan degisikliklerin hizli yapilabilmesi ve donanim tanimlama dili
hakimiyeti olmadan islemlerini gergeklestirilebilecegi 2D Konvoliisyon IP c¢ekirdegi tasarim
gergeklestirilmistir. Jenerik mimari olarak c¢alisma kapsaminda gelistirilen 2D Konvoliisyon IP
cekirdegi, kullanici tarafindan belirlenen parametreler ile hizlica giincellenerek tasarlanacak sisteme
uyarlanabilir hale gelebilmektedir. Boylelikle sistemde degisiklikler hizlica yapilabilmektedir ve farkli
sistemlere kolaylikla uyumlandirilabilmektedir. Tablo 2°de verilen islem siireleri referans alindiginda
gelistirlen IP blogununun MATLAB’a gore daha kisa siirede islemleri tamamladig1 goriilmektedir. IP
blogunun islem siiresi daha yiiksek saat darbesi frekansinda ve boru hatt1 (pipeline) mimari tasarimi
eklenmesi ile daha da azaltilabilecektir. Tablo 3’de verilen sentez sonuglarindan da gériilecegi lizere,
gercgeklestirlen IP diisiik donanim tiiketimine sahiptir. Boylelikle IP kisitli donanim kaynaklarinda da
rahatlikla kullanilabilmektedir.
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0z

Egitim, insanlikla birlikte baslayan dinamik bir siirectir. Egitim
programlarinin zenginligi, egitimin verildigi ortamla deger kazanmaktadir.
Nitelikli bir egitim ise saglikli mekan tasarimi ile saglanabilir. Tasarim
stirecinde Onceki orneklerden faydalanmak yeni tasarimlarda daha isabetli
kararlarin alinmasina olanak sunabilir. Giiniimiiz egitim yapilarinin ilk
ornekleri olan medreseler, Diinya medeniyet tarihinde sistematik olarak
egitim-0gretimin ilk verildigi mekanlardir. Bu c¢aligmada, Kkiiltir ve
medeniyet tarihimizde Onemli bir yer tutan, giiniimiize ulasabilmis
geleneksel egitim kurumlarindan Diyarbakir Suri¢i bolgesinde bulunan
Parli (Safa) Medresesi degerlendirilmis, medresenin mekansal olusumu ve
kurgusu; kurgunun olusmasini etkileyen teknik gereksinimler, topografya,
cografi konum, malzeme ve ulasim gibi 6zellikleri incelenerek kayit altina
alinmigtir. Giiniimiizde tarihi yapilar, birgok farkli nedenlerle tahrip
olmakta, terk edilmekte veya yikilabilmektedir. Yapinmn siirdiiriilebilirligi,
yapinin durumu, niteligi ve toplumun beklentileri belirlendikten sonra islev
verilmesi ile daha miimkiin olabilmektedir. Bu ¢aligmada, insanligin ortak
kiiltiirel degeri olan tarihi yapilarin ve 6zel olarak Parli Medresesi’nin
yasatilarak korunmasi ve yapmin uygun bir islevle siirdiiriilmesi
hedeflenmektedir.

ABSTRACT

Education is a dynamic process that begins with humanity. The richness of
educational programs gains value with the environment in which education
is given. A qualified education can be provided with healthy space design.
Taking advantage of previous examples in the design process may allow
more accurate decisions to be made in new designs. Madrasahs, which are
the first examples of today's educational structures, are the first places in the
history of world civilization where education is systematically given. In this
study, the Parli (Safa) Madrasa in Diyarbakir Surici region, one of the
traditional educational institutions that has an important place in our history
of culture and civilization, was evaluated and the spatial formation and
fiction of the madrasa; technical requirements affecting the formation of
fiction, topography, geographical location, material and transportation are
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examined and recorded.Today, historical buildings can be destroyed,
abandoned or demolished for many different reasons. It is more possible to
give function after determining the sustainability of the structure, the
condition, nature and expectations of the society. In this study, it is aimed
to preserve the historical buildings that are the common cultural value of
humanity and the Parli Madrasa in particular by keeping them alive and to
maintain the structure with an appropriate function.

1. GIRIS

Insanligin varlik tarihinin ilk dénemlerinden giiniimiize kadar edinilmis tecriibelerin sonraki
nesillere iletilmesi insanligin temel yasamsal ihtiyaclarindan biri olarak goriilmiistiir. Tecriibenin
sistematik bir diizen ierisinde kayit altina alinarak aktarilmasi olarak tamimlayabilecegimiz egitim tarihi
cok eski donemlere kadar gidebilmektedir. Egitimin belirli bir sistematik i¢erinde aktarilmasi ihtiyaci

siireg igerisinde egitim yapilarinin ortaya ¢ikmasina sebep olmustur.

Egitim yapilari tarih boyunca bilginin aktarildigi 6nemli yapilardir. Tiim yapilarda oldugu gibi
egitim yapilarinda da kullanici gereksinimi, mekansal olusumda belirleyici bir rol oynamaktadir. Ayrica
cografi konum, topografya ve teknik yeterlik vb. faktdrler de mekénsal olusumdaki diger
belirleyicilerdir. Giiniimiizde degisen egitim sistemi ve yeni yapim teknolojileri nedeni ile geleneksel
egitim yapilart biiylik nispette dnemlerini kaybetmekte, terkedilmekte veya 6zgiin islevleri disinda
degerlendirilmektedir. Bir baska agidan, son yillarda toplumda yasanan sosyo-kiiltiirel degisim
sonucunda kent merkezlerinde bulunan tarihi yapilar, restorasyon sonrasinda atil kalmakta veya verilen

yeni islevden olumsuz etkilenebilmektedirler.

Geleneksel medrese yapilari arasinda giiniimiize ulasabilmis bir 6rnek olan Parli Medresesi 450
yillik gegmisi ve 6zglin mekansal kurgusu ile klasik medrese tipolojisinin digina ¢ikan 6nemli bir 6rnek
olarak 6ne ¢ikmaktadir. Restorasyon sonrast yapinin kendi kimligini zedelemeden verilecek yeni bir
islev Onerisi korumanin tamamlanmasini saglayacaktir. Korunmasi istenen binalarin kurtarilmasi igin
tek ekonomik yolun yeniden kullanim oldugunu belirten Ahunbay, dis goriiniimii bozmadan, ig

diizenlemede ise daha esnek uygulamalara gidilmesine izin verilebilecegini ifade etmistir [1].

Tarihi yapilar, dogal afetler veya insanlar tarafindan her gegen giin zarar gérmektedir.
Restorasyonu tamamlanan ancak 6zgiin dokuya uygun olmayan veya bilingsizce verilen islevler yapiy1
olumsuz etkileyecektir. Yapinin siirdiirtilebilirligi, yapinin durumu, niteligi ve toplumun beklentileri
belirlendikten sonra islev verilmesi ile miimkiindiir. Geleneksel yapilar ge¢misi ve bugiinii
iliskilendirebilecegimiz, toplumun tarihsel gelisimini takip edebilecegimiz, kiltiirel etkilesimlerin
yasandigi mekanlara doniistiiriildiigii taktirde; dogru tasarlanmis bir restorasyon ve islevlendirme

uygulamasindan bahsetmek miimkiin olacaktir [2].
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Bu c¢alisma, Parli Medresesinin mekansal olusumu ve kurgusunu; kurgunun olusmasini
etkileyen teknik gereksinimlerini, cografi konumu, topografyasi, ulasimi ve malzemesi gibi kriterler ile
kayit edilmesi hedeflenmektedir. Elde edilen bu kayitlarin benzer yapi stoklarinda yapilacak ¢aligmalara
da kilavuzluk yapmasi1 hedeflenmektedir.

2. TARTHSEL SURECTE MEDRESELER

“Medrese” kelimesi, Arapga ‘kitap okumak, hatirlamak igin defalarca okumak, 6grenmek, ders
almak’ anlamlarina gelen ‘derese’ kokiinden gelen fiilin Arapga dil bilgisi kurallarina gore “ismi mekan”

kalibinda ¢ekimiyle elde edilmistir. Sozliikte ‘ders alinan mekan’ anlamina gelmektedir [3].

Hz. Muhammed 622 yilinda Medine’ye hicret ettiginde, burada ilk mescidi insa etmis ve bir
kismini ‘suffe’ adi verilen egitim faaliyetlerine ayirmigtir. Daha sonra Dort Halife, Emevi ve erken
Abbasi dénemlerinde de egitim faaliyetleri cami ve mescitlerde devam etmistir [4]. Abbasi Halifesi
Harun Resit (786-809) tarafindan Bagdat’ta kiitiiphane olarak yaptirilan ve daha sonra Abbasi Halifesi
Memun (813-833) tarafindan, mescitten bagimsiz olarak halka agik kiitliphanesi bulunan, egitim ve
tercime faaliyetlerinin yiiriitiildigii, biinyesinde rasathane olan bir miiessese olarak ilk medrese yapisi
Beyt-iill Hikme insa edilmistir. Yine ayn1 dénemde Bagdat’ta acilan Beyt-iil ilim ve Dar-iil ilim
miiesseseleri de medreselerin ilk fiziki 6rnekleri olarak ortaya ¢ikmistir. Abbasiler doneminde ortaya
c¢ikan bu yapilar i¢in o donemden baglanarak medrese terimi kullanilmistir. Medreseler bugiinkii 6zgiin
kimliklerine Nizam-iil Miilk tarafindan kurulan ve kurucusuna izafeten ‘Nizamiye Medreseleri’ olarak

adlandirilan miiesseseler ile kavusmustur [4].

Osmanli medreselerinin, genel yap1 ve karakteri Selguklu medreselerine benzemektedir. Biiyiik
Selguklu Medrese planlarina bakildiginda, ortasinda avlu, eksenlerde eyvanlar ile gergevede odalardan
olustugu asinadir. Ortacag Anadolu Medreselerinin iist ortlisiinde genellikle besik tonoz ve ¢apraz tonoz
ortisii goriilmektedir [5]. Selguklu Medreseleri tek veya iki katli olup, formlar1 genellikle “U”
sisteminde dikdortgen veya kare formundadir. XII. yiizyildan sonra, Anadolu’da ki medrese planlarinin
tasarimlar1 arasinda benzerlikler goriilmektedir. Medreseler, orta avliusunun agik veya bir kubbe ile
ortiilii olmasina gore, agik ve kapali olarak ikiye ayrilir. ki medrese tiiriinde de, oturma ve okuma
hacimleri olarak kullanilan oda ve eyvanlarin merkezinde kubbeyle ortiilii bir salon veya uzunluguna
gelisen revakli avlu bulunur. Kapali Medrese tipi, Anadolu’da agik medreseden once ortaya g¢ikar ve
olasilikla Orta Asya’da bulunan benzer konut geleneginin bir devamidir. A¢ik medreseler, eyvanlarin
sayisi ve avlularini gevreleyen revagin diizenlenmesine gore bazi farkliliklar gosterirler. iclerinde tek

veya iki katli olanlar vardir [6].

Osmanlilar doneminde medreseler; fiziki sartlari, mimari 6zellikleri, programi ve temsil ettigi
zihniyetle 6nemli gelisme gdstermistir. Bu donemde medreseler genellikle tek katli, bir avlu etrafinda

bir dershane ile talebe odalarindan olusan kégir binalardir. Dershane, miiderris odas1 ve danigmend
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hiicreleri hemen her medresede bulunmaktadir. Medrese avlusunda ¢ogunlukla bir kuyu, miistakil suyu
olan medreselerde ortada bir sadirvan veya bir kosede sebil yer alirdi. Bunun disinda ¢amasirhane,

gusiilhane, abdesthane i¢in ayrilmig mekanlar vardi [3].

Diger yapilarda oldugu gibi medreseler de iklimsel sartlara gore insa edilmislerdir. Medrese
avlulari, Ortadogu iilkelerinin iklim kosullarma uygun, golgeli ve agik oturma hacimleri olarak
kullanilmigtir.  Avlu, Tiirkiye’de 6zellikle medreselerde, zaviyelerde ve konut mimarisinde de 6nemli

bir tasarim 6gesi olarak kullanilmistir [7].

Egitim mekanlar1 icinde 6grencilerin kitaplarini birakabilecekleri nisler ve namaz kilmak i¢in
mihrap bulunmaktadir. Yine yar1 a¢ik mekanda ise mihrap yer almaktadir. Revaklar; mekanlar arasi
sirkiilasyon ve 6grenciler arasi sosyallesmenin yani sira 6grencilerin acik havada korunakli bir ortamda

calismalarini saglayan yari agik mekanlardir [8].

3. MATERYAL VE METOT
3.1 Materyal

Mevcut ¢alismada Diyarbakir kent merkezindeki giiniimiize ulasan medreselerden Parli (Safa)
Medresesine ait kaynak ve belgeler incelenmistir. Calisma kapsaminda, medrese egitimi ve tarihsel
slireci lizerine literatiir taramas1 yapilmustir. Parli (Safa) Medresesi ile ilgili gerekli belge ve projelere,
Diyarbakir Vakiflar Bolge Miidirliigii ile Diyarbakir Kiiltiir ve Koruma Kurulu arsivlerinden elde
edilmistir. Yapmin mimari ile yapilan sozlii goriismelerden restitiisyon Ve restorasyon siireci ile ilgili

bilgiler alinmustir.

3.1.1 Parli Medresesi Konumu

Parli (Safa) Medresesi, geleneksel kent merkezinde kenti dorde ayiran Urfa Kapi-Yeni Kapt
aks1 ile Mardin Kapi-Dag Kap1 aksinin kuzeybati diliminde, Melek Ahmet Paga Caddesi’ne ¢ok yakin
bir konumda bulunmaktadir. Diyarbakir ilinin, Sur ilgesinin, Iskender Pasa Mahallesinin, Melek Ahmet
Pasa Caddesinde konumlanan Palo sokak iizerinde, 12 nolu pafta, 322 nolu ada, 25 nolu parselde

bulunan 519,14 m? alana sahip arsa iizerinde (Sekil 1) yer almaktadir.
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Sekil 1. Parl: (Safa) Medrese 'nin Konumu

3.1.2 Tarihsel Siirec

Yapinin insa tarihi ve banisi hakkinda bilgi verecek herhangi bir kitabe ve yazili bir bilgi tespit
edilememistir. Yapi, Safa (Parl) Camisinin giineyinde, cami ile iligkili bir konumda bulunmaktadir. Bu
ozelliginden dolay1 yapi, Parli Medresesi ve Safa Medresesi olarak adlandirilmaktadir. S6zen’e gore;
Diyarbakir Hiisrev Pasa Medresesi ile Safa (Parli) medresesinde 1559 ile 1591 yillar1 arasinda
miiderrislik yapmis oldugu bilinen Muslihiddini Lari’e atfen ‘Muslihiddini Lari Medresesi’ olarak da
adlandirilmakta ve Uzun Hasan tarafindan yaptirildigi ileri stiriilmektedir. [9] Muslihiddini Lari’nin
Diyarbakir’da miiderrislik yaptigi déonem dikkate alindiginda medresenin yapim tarihini en az bu
doneme kadar gotiirmek miimkiin olabilmekte bu ¢ercevede yapinin yasi 450 yildan az olmamak iizere

tespit edilebilmektedir.

3.1.3 Analojik Karsilagtirma

Osmanli imparatorlugu déneminde Kanuni Sultan Siileyman’in (1520-1566) Diyarbakir valisi
olarak atadig1 iskender Pasa (1553-1566) tarafindan yaptirilan medresenin insa edildigi donemde yapilar
banilerinin talepleri dogrultusunda sekillenmekteydi. Yapinin banisinin temsil ettigi makam, yap1 i¢in
ongoriilen biitge, yapinin fonksiyonu ve 6ngoriilen kullanict sayist gibi etkenler mekanlarin olusumu,
sayis1 ve dizilimi ile yapinin genel formunun olugsmasinda temel belirleyiciler olmaktadir. Dénemin yap1
iretme teknolojisi de yerel malzeme olan bazalttan yapilan kagir tasiyici duvarlarin iistiiniin toprak dam,
tonoz veya kubbe ile Ortiilmesi seklindedir. Yapilarmn iist ortii tiirliniin se¢ciminde biitge en Onemli

belirleyici olmaktadir.

251



N. Ozen / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 247-262

Diyarbakir’da Osmanli déneminden giiniimiize, Hiisrev Pasa, Ali Pasa ve Parli Medreseleri
ulagmstir. Osmanli donemi medreseleri i¢inden Parli Medresesi, diger medrese tipolojisinden farkli
ozellikler gosterir. Parli Medresesi, dikdortgen formlu olmasi, mutfaginin, helanin ve yatakhanesinin

olmamasi, mekansal kurgusu ile diger medreselerden farklilik gosterir.

Genellikle yerlesim birimlerinde insa edilen medreseler, yiiksek katilimli derslerin
verilebilmesi, siirekli miiderrise yakin olma, hela ve sadirvan gibi ihtiyaglarin karsilanabilmesi igin
camilerin avlusunda veya c¢ok yakininda insa edilmislerdir. Medrese yapilarinin mekan olusumlarinda
esas olan egitim faaliyetlerinin gerceklestirilmesidir. Ancak egitim faaliyetlerini gerceklestirmek igin
gerekli olan miiderris ve 6grencilerin yakin ¢evreden gelmemesi durumunda barinma hizmetlerinin de
verilmesi mekan olusumlarimi etkilemektedir. Medreselerin hizmet verebilmesi igin tiim yil aktif olarak
kullanilabiliyor olmalari gerekmektedir. Bu neden, karasal iklime sahip olan Diyarbakir kent
merkezindeki bir medrese yapisinin sicak yaz aylarinda ve soguk kig aylarinda hizmet verebilecek
ozellikte olmasini gerekli kilmaktadir. Parli Medresesi’nde tespit edilen bu tasarim yaklagimindaki yap1
programini medrese yapilarinin genelinde goérmek miimkiin olmaktadir. Medrese yapilarindaki
farklilasmasinin temelinde biitge, malzeme, yapim teknolojisi, konum, topografya ve kullanici sayisi

belirleyici olmaktadir.

3.2 Metot

Parli (Safa) Medresesi, 0zgiin mekansal kurgusu ve Diyarbakir’daki klasik medrese
tipolojisinden farkli olmasi nedeniyle secilmistir. Yapi ile ilgili her tiirli goérsel ve yazili kaynak
caligmalarina ulasildiktan sonra restorasyonunu gerceklestiren mimar ile yapilan sozlii goriismeler
sonucu restorasyon siireci hakkinda bilgiler elde edilmistir. Restorasyon siireci igerisinde mimar, gerekli
yasalari, etkilesim igindeki toplum yapisini ve konumunu gozlemleyerek yapiya en az zarar verebilecek
sekilde miidahalelerde bulundugunu ifade etmistir. Bu yaklasim, yapinin tarihi siire¢ igerisindeki
gecirdigi degisiklikler agisindan degerlendirildiginde, siirdiiriilebilir mimarligin temel ilkeleri agisindan
ilk adim olarak degerlendirilebilir. Bu asamada yapilacak hatali miidahale ve uygulamalar, yapinin ve
toplumun siirdiiriilebilirligini olumsuz yonde etkileyecektir. ikinci adim, yapinn siirdiiriilebilirliginin
saglanabilmesi, mekansal kurgu ve malzeme 6zelliklerinin korunmas ile miimkiindiir. Ugiincii adim,
elde edilen verilerden hareketle, yapinin mevcut durumu, niteligi, toplumun beklentileri belirlendikten

sonra, yapinin iglevlendirilerek yasatilmasi ve gelecek nesillere aktarimi olmustur.

4. ARASTIRMA BULGULARI

Yerinde yapilan incelemeler ve arsiv kayitlarindan elde edilen bilgilere gore Parli (Safa)
Medresesi’nin 2006 yilinda tamamlanan uygulama projesine uyumlu restorasyonu yapilmistir.

Terkedilmis bir durumda olan yapi, restorasyon uygulamasi sonucunda yapisal 6zelliklerini koruyarak
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giiniimiize ulagmigtir. Bu ¢aligma kapsaminda yapi, mekan olusumu ve mekansal kurgu Kriterleri
acisindan incelenmistir. Bu ¢ergevede Parli Medresesi’nin uygulama projesi ve giiniimiizdeki durumu

degerlendirilmistir.

4.1 Mekéansal Kurgu

Yapi dogu ve bati kenarlarindan kapali, kuzey ve giiney kenarlarindan agik olacak sekilde
planlanmigtir. Medresenin giiney tarafinda bulunan yapi ile arasindaki 250 cm genisligindeki bosluk
medresenin arka avlusu niteligini tagirken cami tarafindan medreseye girisi saglayan caminin gliney
duvari ile medrese arasinda kalan alan 6n avlu niteligindedir (Sekil 2). Yap1 tek katli olarak insa edilmis
olmasina karsilik ortada bulunan yazlik dershane niteligindeki eyvan kisminin st 6rtiisii 120 cm daha

yiiksek inga edilmistir. Bu 6zelligi ile yapt monotonluktan kurtularak daha ihtisamli bir goriiniise

kavusmaktadir.
PARLI (SAFA)
K CAMISINDEN
BAHGEYE GiRi$
Y KOMSU YAPIDA
KOMSU BAHGEYE GIRIS \
YAPI PARLI (SAFA) CAMISINDEN BAHCEYE GIRIS
BITISIKTEKI
YAPI
BITISIKTEKI
BITISIKTEKI YAPI
YAPI
KOMSU
YAPI

Sekil 2. Parli (Safa) Medrese Vaziyet Plani [10]

Yap1 programi geleneksel medrese programina uygun olmasina karsilik plan tipi ¢ok farkli form
sunmaktadir. Yapi iizerinde yapilan yerinde incelemeler, restitiisyon projesi, restorasyon raporu,
mimarlik tarihi raporu ve literatiir arastirmalarinda yapinin kaybolmus olabilecegi herhangi bir
mekaninin olmadig1 anlasilmaktadir. Ozgiin bir plan tipolojisine sahip yapida; dort adet kiiciik hiicre,

iki adet kiglik dershane niteliginde daha biiyiik hiicre ve orta yazlik dershane niteliginde olan bir eyvanin
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dogu bat1 yoniinde dizilimi ile kendine 6zgii bir forma sahiptir. (Sekil 3) Eyvan ortada olacak sekilde
dogu bat1 yoniinde tam simetri olusturacak bir sekilde iki kanada boliinmiis olan yapida eyvanin iki
kenarinda kuzey yoniinde 6nlerinde revak bulunan ikiser hiicre ve bu hiicrelerin dogu ve bat1 yonlerinde
revaklar kadar biiyiitiilmiis olan iki adet biiylik oda bulunmaktadir. Egitim anlayisindan kaynakli olarak
Osmanli medrese avlulari, Selguklu medrese avlularindan daha genistir. Bu durum 6grencilerin ders
disinda dinlenme ve gezinme ihtiyaclarini karsilamasi icindir [11]. iki kanatta bulunan ikiser adet kiiciik
hiicre ile bir adet biiyiik odanin kapisi her kanatta ayri ayr1 bulunan revaklara agilmaktadir. Avlu kismina
iki adet kemer ile agilan revaklardan, eyvan kismina agilan birer gecis bulunmaktadir (Sekil 4 ve 5).
Dogu tarafinda bulunan kiglik dersligin bati duvarimin kuzey kenarinda bulunan kapr ile revak kismina
gecilmekte yine bu kapinin karsisina denk gelecek sekilde bulunan bir kapi ile buradaki revaktan orta
kisimda bulunan yazlik dershaneye baglanilmaktadir. Orta mekanin simetri ekseni oldugu yapida
pencere yerleri disinda tam bir simetri gézlenmektedir (Yapida yapilan incelemeden bati yoniindeki
ikinci odada giliney yoniine acilan pencerenin olmadig1 goriilmektedir. Bu durum restitiisyon projesinde
de ifade edilmektedir). Bu anlamda bati1 yoniindeki hiicre ve revaklarda da ayni durum simetrik bir
sekilde tekrarlanmaktadir. Selguklular ve Osmanlilar da medrese yapilart genelde birbirleriyle biiyiik
oranda benzerlik gostermektedir. Avlunun girisinin karsisina gelen cephesinde biiyiik bir eyvan ve bu
eyvanin iki yaninda da ¢ogu zaman birer biiyiik oda bulunmaktadir. Bunlar kislik dershane, miiderris
odasi vb. olarak kullanilmaktadir. Avlunun saginda ve solunda ise 6nii revakli kiigiik odalar yer alir.
Odalar, medrese vazifelilerinin ve O6grencilerinin ¢alisma, barinma ve dinlenme fonksiyonu ig¢in

tasarlanmustir [12].

T
- \.‘\

e "~
/// PARLI (SAFA) CAMIl .
- S

AVLU

KOM3U
YAPI
INIRI

EYVAN
KISLIK r

DERSHANE

q j HUCRE HUCRE

YAZLIK
DERSHAMNE

ARKA BAHCE |

KOMBUYAPI

Sekil 3. Parli (Safa) Medresesi Kat Plan: [10]

254



N. Ozen / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 247-262

eI

Sekil 4. Parl: (Safa) Medresesi Kuzey Cephesi [10]

Sekil 5. Parl: (Safa) Medresesi Giiney Cephesi [10]

Yapiya kuzey tarafinda bulunan Safa (Parli) Caminin avlusundan ulagilmaktadir. Cami ile
baglantili, camiye ait bir medrese olmasi ve Kadi Hamami’nin karsisinda yer almasi 1slak mekénlarin
(hela ve hamam gibi) ortak kullanilmasina neden olmustur. Dénemin medrese geleneginde yakin
cevrede bulunan aileler yatili kalan 6grencilerden bir veya iki dgrencinin bakimim istlendigi igin,
yemekler yakin ¢evrede bulunan evlerden giinliik olarak temin edilmekteydi. Bu nedenle yapida mutfak
da bulunmamaktadir. Ancak medresenin avlusunda su ihtiyacini karsilamak amaci ile bir adet kuyu
bulunmaktadir. Yapinin bu derece sade yapilmis olmasi ve biinyesinde sadece egitim mekanlarinin
bulunmasi yapmin agirlikli olarak kentte yapiya yakin bolgelerde ikamet eden, giintibirlik kalan
ogrencilere yonelik olarak inga edilmis olabilecegi fikrini de desteklemektedir. Tarih boyunca
medreseler, orglin egitimin yani sira disart agik sohbet ve ilim dersleri yoluyla yaygin egitim de
gergeklestirmistir. Ayrica halka agik merasim, 6zel giin vb. etkinliklerle icinde bulundugu cevreyle iliski
kurmus, toplumsal hayatin bir parcast olmustur. Bu sebeple 6zellikle civarindaki hakim islevin konut
oldugu medreselerin mahalle sakinleriyle iliski kurmas1 énemsenmelidir. Medresenin bu hususiyeti

giindiizlii din egitimi isleviyle dogrudan ortismektedir [13].

Mekansal kurgusu ve orta yiikselen eyvan kismi ile plastik bir objeye doniisen yap1 bu formu
ile ¢evresindeki geleneksel konut mimarisinden [14, 15] farklilasarak bir hakimiyet olusturmaktadir.
Ozgiin plan semasini biiyiik oranda koruyarak giiniimiize ulasabilmis olan Safa (Parli) Medresesi

dikdortgen bir plan semasia sahiptir. Duvar kalinligi 60 cm olan yapinin kap1 ve pencereleri kuzey ve
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giiney yonlerine agilmaktadir. Ozgiin plan semasinda sabit merdiven bulunmayan yapinin yiiksek

olmayan damina ahsap merdiven ile ¢ikildig1 diisiiniilmektedir.

Medrese yapilarinda temelde yaz aylarinda yar1 agik, kis aylarinda ise kapali dershaneye ihtiyag
duyulmaktadir (Sekil 6-7). Geleneksel medrese islev siirecinde kapali dershaneler ayni zamanda
kiitiiphane olarak da degerlendirilmektedirler. Medrese yapilarinin mekan kurgusunun olugmasinda
belirleyici olan bu temel gereksinim disinda yatili kalan 6grenciler i¢in konaklama odalari, hela, banyo
ve dgrenci sayisi ve sartlar cergevesinde mutfak, cami ve ders ¢alisma amacli revak ve bahge tiiriinden

mekanlar program kapsamini genisleten diger yan gereksinimiler olarak ortaya ¢ikmaktadir.

Sekil 7. Parli (Safa) Medresesi Boy Kesiti Giiney Yonii [10]

Klasik medreselerde egitim faaliyetleri bayramlar hari¢ genellikle yil boyunca devam
etmekteydi. Bu nedenle yilin her mevsiminde, 6zellikle giindiiz vakitlerinde hizmet vermek iizere

planlanmis olan medrese yapilarinda plan tipolojisi bu program g¢ercevesinde sekillenmektedir.

Medrese yapilarinda miiderrislerin varligi en 6nemli faktor olarak 6n plana ¢ikmaktadir. Bu

nedenle medreselerin genelinde cami ve miiderris igin yakin bir konumda konut bulunmasi
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gerekmektedir. Medreselerin mekansal kurgusunu etkileyen faktorlerin temelinde arazinin geometrisi,
topografyasi,  doneminin teknik olanaklari ve tasarimcinin estetik bakist gelmektedir. Safa
Medresesi’nde mekan kurgusunun olusumunu etkileyen diger belirleyicilerden mekan biyiikligii,
ongoriilen 0grenci ve egitimci sayisi ile belirlenirken yapinin genel hacmini biitge belirlemektedir.
Egitim faaliyetlerinin daha sakin ve kentin hareketli yasamindan biraz daha mahrem bir alanda verilmesi

gereginden dolay1 yapiya ulagim cami igerisinden saglanmaktadir.

4.2 Malzeme

Yapinin inga edildigi donemdeki, teknik imkanlar, yapi iretim teknolojisi ve malzemelerin yerel
kaynaklar ile karsilandig1 bilinmektedir. Diyarbakir’da bu dénemde insa edilen medreselerden farkli

olarak, sadece siyah bazalt tagin kullanildig1 goriilmektedir [16].

Parli Medresesi geleneksel Diyarbakir sehir merkezi mimarisinde agirlikli olarak kullanilan
yerel yap1 malzemesi bazalt tas ile insa edildigi i¢in gri tonda siyah renktedir. (Sekil 8) Yap1 gecirdigi
onarim neticesinde yapilan derz caligmalarinda mevcut derzler daha belirgin bir hale getirilerek

dolduruldugu igin derzler 6zgiin yapisini digina ¢ikarak daha belirgin bir sekle gelmistir.

Sekil 8. Kuzey Cephesinden Gériiniis

Yapida dikey tasiyici olarak bazalt tagtan yapilmis olan kagir duvarlar kullanilirken iist 6rtiide
gecis elamani olarak tonozlar kullanilmistir. Yapinin ortasinda yer alan yari agik mekanin duvarlari ince
yonu tag duvar olarak insa edilmis olup tavani tugladan yapilmis, kuzey-giiney yoniinde uzanan besik
tonozla gecilmis ve sadece tonoz kismi horasan harci ile stvanmistir. Eyvanin iki yaninda bulunan
revaklarin duvar kisminda ince yonu tas duvar kullanilmig olup iistii tugladan mamul tekne tonozla
kapatilmis ve tonoz kism horasan harei ile stvanmustir. Kapali mekanlarin tamaminin duvarlar1 kaba

yonu tag duvar olup iist kisimlar1 da yine kaba yonu tastan yapilmis, kuzey giiney yoniinde uzanan besik
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tonoz ile ge¢ilmistir. Kapali mekanlarin duvar ve tonozlarinin tiimii horasan harei ile sivanmistir (Sekil

9).

Sekil 9. I¢c ve Dis Mekdnlardan Fotograf

Tonozlarin aras1 doldurularak ayni seviyede diiz dam sekline getirilirken orta kisminda yer alan
eyvan kisminda da yapinin geneline gore cidar kismi 120 cm yiikseltilmistir. Tonoz ile arasinda kalan
kisim doldurularak diiz dam sekline getirilmistir. Temel alinan restorasyon raporu ve restitiisyon
kararlarina gore tiim kapt ve pencerelerin imalatinda ahsap malzeme yer verilirken giivenlik amaci ile

pencerelerde lokmali demir parmakliklar kullanilmistir.

4.3 Uygulama Projesinin Degerlendirilmesi ve Oneriler

Onarim oncesi metruk bir durumda olan yap1 6zgiin kimliginin digina ¢ikarak eklenen duvarlar
ile iki ayr1 konuta boliinerek kullanilmaktaydi. Bu nedenle yapinin 6ziinde olmayan siva ve boyalar
bulunmaktaydi. Metruk durumu nedeniyle ciddi yipranmalarin yasandigi yapinin iist désemesi dogal

kosullar nedeniyle zarar gérmiis ve doseme yalitim 6zelligini yitirmistir.

Sekil 10. Dis Mekdndan Fotograf [10]
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Kap1 ve pencerelerin bir kismu kapatilmis ve dogramalar1 kaybolmustur. Yapmin genelinde

gbzlemlenen nemin etkisiyle siva ve duvarlarda dokiilmeler tespit edilmistir.

Sekil 11. I¢ Mekdndan Fotograflar [10]

Vakiflar Bolge Midiirligii uhdesinde bulunan Parli (Safa) Medresesi 2006 yilinda Restorasyon
Projesine uygun olarak onarilarak kullanima agilmistir. Restorasyon projesi ve miidahale karalarinin

incelenmesi sonucu elde edilen tespitler;

e Onarimdan 6nce konut olarak kullanilan yapida, eklenmis olan yeni yap1 elemanlarinin tespit
edildikten sonra 6zgiin plan semasina ulagmak i¢in uygun sokiim kararlar siirdiirtilebilir bir
yapiya ulasilmasinda atilmis 6nemli bir adimdir.

e Cephelerin 6zgiin kimliginin ve boyutlandirilmasinin, restitiisyon projesinde alinan kararlarda
belirleyici olan yapidaki izlerden hareket edilerek 6zgiin cephelerin gelecek nesillere aktarilmasi
stirdiirtilebilir bir davranigtir.

e Benzer donemdeki yapilarin kap1 ve pencere dogramalarinda kullanilan ¢agdas malzemenin,
boya ve cilanin, 6zgiin yap1 ile uyumlu olmasina dikkat edilmistir.

e Medresede avlu zeminin topraktan temizlenerek zemin taslarinin ortaya ¢ikarilmasi ve su
kuyusunun havuzla ¢evrilmesi sicak-kuru iklimde konfor ortami olusturulmustur. Bu durum
kullanicr agisindan dogal serinlik, tiiketici agisindan da enerji tasarrufu saglayarak ekonomik
katkiya neden olacaktir. Dig duvarlarin onarilarak avlu yapisinin korunmasi, yapiyi dig ortamdan
izole ettigi gibi yeni kullanicilarin dogal ortamla da iliski kurmasim saglayacaktir. Avlunun
mikroklima ve mahremiyet 6zellikleri korunmustur.

o Giiniimiize ulasabilmis olan, 6zgiin yapida tamamen kaybolmus olan ¢ortenler, teras egimleri
ile konumlar1 ve mevcut pargali dam yapis1 géz Oniine alinarak sayilart mimari bir gereklilik
olarak belirlenmis ve formlar1 donem yapilari ile yapilan karsilagtirmali galigsma ile belirlenerek
yaptya dahil edilmistir.

e Onarim esnasinda mevcut derzlerin keski yardimi ile bosaltilmasi nedeni ile derz boyunca
taglarda yiizey kayiplart meydana gelmis, bu kayiplar nedeni ile derz araliklar1 genislemis ve
tasin zgiin dokusu zarar gormiistiir. Ozensiz olarak yapilan bu uygulamanin hatali oldugu tespit

edilmistir.
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e Anitlarin korunmasi, her zaman onlar1 herhangi bir yararli toplumsal amag i¢in kullanmakla
kolaylastirilabilir. Bunun i¢in bu tiir bir kullanma arzu edilir, fakat bu nedenle yapinin plani ya
da bezemeleri degistirilmemelidir. Ancak bu smirlar iginde yeni islevin gerektirdigi
degisiklikler tasarlanabilir ve buna izin verilebilir [17].

e (Carpik kentlesmenin getirmis oldugu niteliksiz yapilar arasinda kalan yapi, 6zgiin kimligine
kavusmus ancak yapiya islev verilmemistir. Yapinin kimligine ve giiniimiiz ihtiya¢larina uygun
bir islevle yasatilarak korunmasi yapinin siirdiiriilebilirligi agisindan olumlu olacaktir.

e Yapinn tarihi 6zelligi ve cami ile entegrasyonu sebebiyle verilecek yeni islev Onerisinde
dikkatli davranilmasi ve irdelenmesi [18] sosyal siirdiiriilebilirligi saglayacaktir.

e Yapmin geleneksel fonksiyonu nedeni ile verilecek yeni islev, cami miistemilati, kuran kursu,
kiitiiphane, ¢ay ocagi veya miize gibi yapinin 6zgiin islevi ile uyumlu bir 6neri olmalidir.
Yapinin 6zglin plan ve kimligi korunarak, giincel, toplumun ihtiyaclarin1 karsilayabilen

stirdiiriilebilir bir islevle yagatilmasi uygun dogru bir karar olacaktir.

5. SONUC

Parl1 (Safa) Medresesi, Diyarbakir’da, Osmanli Donemi’nden giiniimiize ulagmis az sayidaki
medreseden biridir. Yapinin yasatilmasi ve gelecek nesillere aktarilabilmesi i¢in restorasyon uygulamasi
yapilmistir. Metruk bir durumda olan yapinin kullanilabilecek duruma gelmesi, ¢evresel ve toplumsal
stirdiiriilebilirlik a¢isindan 6nem arz etmektedir. Yapilan uygulama ¢alismasinin; restorasyon sirasinda
yapiya en az diizeyde miidahale edilmesi, geleneksel ve 0zgiin yapit malzemelerinin kullanilmasi,
yapinin mevcut durumunun korunmasi agisindan bilimsel restorasyon ilkelerine uygun bir uygulama
oldugu goriilmiistiir. Parli (Safa) Medresesi 6zgiin plan semast ve mimari kimligi ile yasatilarak
korunmasi gereken énemli bir yapidir. Yeniden iglevlendirilmesi ve kullanima agilmasi saglanmalidir.
Yapinin yeni iglevi; toplum, ¢evre ve ekonomi agilarindan olumlu etkileri ve gelecek kusaklara aktarimi
stirdiriilebilir mimarligin temelini olusturacaktir. Bagarili uygulamalar, benzer ¢alismalarda daha dogru

sonuclara ulasilmasina katki saglayacaktir.
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Bu ¢alisma, pandemi dénemiyle birlikte degisen sosyal yasantiya karsi
mimarhigin alabilecegi olast pozisyonlar1 esnek mekénlar iizerinden
incelemeyi amaclamaktadir. Esnek mekanlarin mekanmn konfora
doniistimiindeki etkisi, pandemi ile birlikte yasam kosullarinin
degismesine bagli olarak sosyal yasantinin da degismesi, mimaride mekan
kavraminin yeniden sorgulanmasina ve sorgulamanin yeni arayislar
iizerine odaklanmasina neden olmustur. Modernlesmeyle ve o6zellikle
modern sonrast1 donemde Onem kazanan esneklik kavrami, farkl
uygulamalar ve yaklagsimlar olarak mimarlik literatiiriine dahil edilmistir.
Bu yaklagimlar esneklik anlayisinin mekanin doniismesi, biiylimesi,
kiiciilmesi ve taginmasi gibi uygulamalar ile gergeklesmektedir. Bu
baglamda, c¢aligma kapsaminda, degisen durumlara adapte olabilmeyi
simgeleyen esneklik kavrami, mekdn hacminin doniismesi ve mekanin
konforu yoniiyle incelenmektedir. Donistiiriilebilir, degistirilebilir ve
tasinabilir mekanlar olarak esnek mekéanlarin pandemi siireci siirdiiriilebilir
mimari i¢in 6neminin vurgulanmasi, ¢aligmanin odak noktasidir.

ABSTRACT

This study aims to examine the possible positions that architecture can take
against the changing social life with the pandemic period, through flexible
spaces. The effect of flexible spaces on the transformation of space into
comfort, the change in social life due to the change in living conditions
with the pandemic caused the concept of space in architecture to be
questioned again and the questioning focused on new searches. The
concept of flexibility, which gained importance with modernization and
especially in the post-modern period, has been included in the architectural
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literature as different applications and approaches. These approaches are
realized with applications such as the transformation of the flexibility
understanding of the space, its growth, shrinkage and transportation. In this
context, within the scope of the study, the concept of flexibility, which
represents adaptation to changing situations, is examined in terms of the
transformation of the space volume and the comfort of the space.
Emphasizing the importance of flexible spaces as transformable,
changeable and portable spaces for sustainable architecture in the
pandemic process is the focus of the study.

1. GIRIS

“Esneklik kavrami mimari mekanin var oldugu ilk insan yerlesimlerindeki magaralardan, antik
donem megaronlarina, goger cadirlarindan, farkli uluslarin geleneksel konutlarina kadar endiistrilesme
oncesi donemde de var olmus 6nemli bir mimarlik kavramidir. Endiistrilesme sonrasinda mekanin farkli
alanlardaki ve oOlceklerdeki teknik sinirlarinin genislemesi, mekanin fiziksel boyutlarinin da
degisebildigi esnek mimari mekanlarin tasarlanabilmesini saglamistir. Mekanin biiyiiyebilmesi ve
degisebilmesinin yaninda uyarlanabilmesi de esneklik kavraminin i¢inde yer almaktadir. Son elli yilda
degisen mimarlik paradigmalarinin i¢inde terminolojik a¢idan pek ¢ok farkli kavramin esneklik ile
iligkilendirildigi goriilmektedir. Gliniimiizde esneklik kavrami, mevcut mekanin yeni fonksiyonlar
tagtyabilmesi, mekanin biiyliyebilmesi, siirekliligi ve teknik ekipmanlarin degisimiyle agiklanmaktadir.
Adaptasyon, degisebilirlik, uyabilirlik, uyarlanabilirlik gibi alt kavramlarla da tanimlanan esneklik

kavrami mimarlik literatiiriinde 6nemli bir yer tutmaktadir” [1].

Bu caligmada, esneklik kavrami ve esnekligin pandemi doneminde mekanin doniisiimiine ve
dolayisiyla mekan konforuna olan katkisi ele alinmaktadir. Mekansal doniisiim 6rnekleri incelendiginde,
esnek mekan anlayiginin farkli mekansal karsiliklarin ¢ok islevlilik, agik plan kavramlari {izerinden

doniiserek mekansal karakterini buldugu ve mekénsal konforu arttirdig goriilmektedir.

Tarih boyunca mimarlik, insanin sosyal gereksinimlerini sagladig1 fonksiyonlari1 planlayan bir
anlayis iginde olmustur. Basta ilk insan yerlesimlerinden gogebe kiiltiiriine olmak {izere, endiistrilesme
sonrast doniisiimden giiniimiize kadar olan siireg¢te mekanin degisebilmesi, biiyliyebilmesi ve
uyarlanabilmesi agisindan esneklik mimarligin énemli kavramlarindan biri olmustur. Degisen sosyal
yasam kosullaria bagli olarak mekan ile kullanici arasindaki iligkilerin dinamik bir sekilde kurulmasi
olarak tanimlanan ‘esneklik’; ¢cevreye, teknolojiye ve isleve bagli olarak degisim gosterebilen alternatif

tasarimlara imkan saglayabilen bir kavramdir [2].

Mekanin biiyiiyebilmesi ve degisebilmesinin yan1 sira mekanin doniistiiriilebilmesi de esneklik
kavraminin i¢inde yer almaktadir. Ozellikle de iginde bulundugumuz kosullar geregi, Pandemi giindelik
yasami degistirmis, dolayisiyla mekan doniisiime ugramustir. Esneklik kavrami degisen yasam

kosullarina, sosyo-ekonomik kosullara bagli olarak biiyliyebilme, kiiglilebilme ve boliinebilme
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eylemleriyle mekanda yer bulmaktadir. Pandemi dénemi de mekansal esnekligin daha fazla nem
kazandigi, olasit mekanlarin kullanim hacminin degisimine olanak taniyan esnek mekan kullanimini

yasantimiza dahil etmistir.

Birgok islevi bir arada bulundurma gereksiniminin yani sira 6zel alan ihtiyaci, bireysel
mekanlarin 6nemini artirmistir [3]. Pandeminin donistiirdiigii yeni yasam bigimleri kullaniciya
alternatif mekéanlar sunmustur. Bu dénemde evden calisma modeli yasam mekanlarini doniigiime

zorlamistir [4].

Mekéansal doniisiimiin hem ekonomik hem de geri doniisebilir olmasi, esneklik kavraminin
stirdiiriilebilir bir mimarlik anlayisi ile iliskilendirilmesine olanak tanimistir. Mekan tasariminda
mekanin ¢ok islevli kullanimi, agik plan sistemi, mekani sinirlandirici 6gelerin olmamasi, mekan
hacminin biiyliyebilmesi, degisebilmesi ve tasinabilmesi gibi anlayiglarla gergeklestirilen esneklik,
stirdiiriilebilir mimari tasarim i¢in dnemli bir kavram olarak karsimiza ¢ikmaktadir. Siirdiriilebilir
esneklik, zamanin kosullarina uygun olarak uzun 6miirlii tasarim yapabilmenin kosulunu saglamaktadir
[5]. Kullanicilarin gereksinimlerine uyum saglayarak yasam boyu siirmesi beklenen esneklik, mekanda
farkli sekillerde ortaya c¢ikmaktadir [6]. Tablo 1’de esnekligi mekanda farkli sekillerde ele alan

mimarlarin tasarimlari yer almaktadir.

Tablo 1. Mimarlarin yapilardaki esneklik anlayislart

Mimar Yap1 Esneklik yaklagimi

Price Fun Place Mekanin ¢ok islevli kullamminin saglanmasi, hareketli hacimler

Corbusier Villa Savoye Serbest plan ile mekan sinirlarmin agik birakilmasi

Rietveld Schroder Evi Hareketli duvarlar ile mekidn hacminin bilyiiyebilmesi,
degisebilmesi

Cansever Ertegiin Evi Hacimler arasi sinirlandirici 6ge bulunmamasi, akigkan mekan

Bektas Biiyiiyen Bahgeli Ev Ailenin biiyiimesi ile eklemlenen hacimler sayesinde mekanin
biiyiiyebilmesi

Tiimertekin B2 Evi Mekan hacminin smirlandirilmadigi agik plan sistemi

Akbay Bag Evi Agik plan sistemi, mekanin okunabilirligi

2. ESNEK MEKAN ANLAYISINA SURDURULEBILIR YAKLASIMLAR

II. Diinya Savas1 sonrasi kentlerin yasadig1 degisimler ile baslayan alternatif mekan arayislari
gelecek igin Utopik kent tasarilarinin olugsmasinda 6nemli bir tarihi olaydir. Savas ile kentin degisebilir
oldugunu deneyimlemek, gelecek i¢in degisebilir ve her ortama adapte olabilir mekan arayislarinin
baslangict olmustur. Utopik ve distopik olarak gelistirilen tasarilar, her ortama ve sarta uyum

saglayabilir, degisebilir, eklemlenebilir ve tasinabilir niteliklere sahiptir. Bu tasarilar ile sekillenen
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esneklik anlayisi, gliniimiizde siirdiiriilebilir mimariye mikro 6lgekte mekan 6nerileri sunma agisindan

onemli ipuglarini barindirmaktadir.

Esnek mekan anlayisina siirdiiriilebilir yaklasimlara bir 6rnek olarak, N. John Habraken’in 1961
yilinda gelistirdigi Ag¢ik Yapi konsepti Ornek verilebilir. Proje, endiistriyel siirece kullanicinin
katiliminin artirilarak, kullanicinin kendi yerlesimini sekillendirip tasarlayabilecegi i¢ igce gecmis
modiillerden olusan bir tasar1 anlayisina sahiptir (Sekil 1) [7]. Habraken’in kullanici odakli tasarisi,
yapinin yapildigi donemin kosullarina hapsolmasinin aksine, agik bir bogluk birakilarak degisen yasam

kosullarina yonelik tasarim yapabilme imkanini saglama niteligindedir.

@,

{

Sekil 1. Sketchblock, ANA Architects, Amsterdam, 2015-2017 [8]

Bu baglamda acik yap1 sistemiyle Amsterdam’da olusturulan konut tasarimlari da temelde,
modiil olarak tasarlanan birimlerin birbirlerine eklemlenerek bir biitiin olusturdugu diizenlemeleri
icermektedir (Sekil 2-3). Bu tasarimlarda kullanicinin istekleri 6n plandadir ve yasama mekaninin
biiyiikliigl kullanim istegine baglidir. Genel olarak biitliniiyle bitmis bir yap1 tasarlamak yerine ihtiyag
halinde tasarlanan modiillerin birbirlerine eklemlenmesi ile ayni1 zamanda siirdiiriilebilir bir yaklagim

izlenmektedir.
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Sekil 3. Object One, Space Matter, Amsterdam [10]

3. MEKAN HACMININ DONUSMESi VE MEKAN KONFORU

Esnek mekén tasarisinin dnemli bir bilegeni olan islevsel kullanim, yapinin giiniimiiz ve gelecek
acisindan kullaniminin planlanmasinda potansiyel bir nitelige sahiptir. Mekan hacmindeki degisim ve
doniisiim ile mekanin kullaniminin &ngoériilebilir olmasi, yasam kosullarina bagl olarak yasanan

degisimlere uyum saglayabilmesi agisindan énemli bir olgudur.
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Stanislas Chaillou’nun metabolist hareketin 6ncii tasarimi olan Nakagin Capsule Tower’dan
ilham alarak hazirladigi, ‘Metabolizma (S): Yiizyilda Esneklik’ adli projesi, mekansal diizenlemesini
giiniin farkli saatlerinde degisen kullanim modellerine uyacak sekilde aktif olarak ayarlamak igin

tasarlanmig karma kullanimli bir yap1 tasarimidir (Sekil 4) [11].
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Sekil 4. Stanislas Chaillou, Metabolizma (S): Yiizyilda Esneklik Projesi [11]

Bu tasarim ayn1 zamanda modern veri biliminin kullanim modellerini tahmin etme ve yeni
model olusturma yeteneginden vyararlanilarak hazirlanarak, mekanin ger¢cek zamanli yeniden
diizenlenmesini saglayan yari otonom robotik teknolojinin bir parg¢asidir [11]. Modiillerin hareket
ederek mekanin kullanim islevinin degismesi fikrine dayanan proje, mekan hacminin ¢ok islevli
kullanimin yan1 sira mekansal boyutta doniisiime giizel bir 6rnek olusturmaktadir. Islevin gerektirdigi
bicimlenmeyi hareket eden modiiller ile giin boyunca degisken bir bigimde sunan tasari, bircok yoniiyle

mekanin esnekligini giiglendirmektedir (Sekil 5).
Sabah Ogle Akgam
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Sekil 5. Giin boyunca mekdnlar: yeniden diizenleyen yapinin esnekligini gosteren ¢izimler [11]

Tasarim algoritmalar1 sayesinde yapi, gilin igerisinde hacimlerin nasil konumlanacagini
diizenleyerek bir program olusturmaktadir [11]. Satis birimlerini de igeren karma kullanimli yapida bu
programi Chaillou [12] soyle aciklamaktadir: Sabah saatlerinde calisanlar ve ziyaretgiler yapiya
gelmeye basladiginda birimler gridal bir bigimde diizenlenir, {ist katlarda bireysel ve ortak caligma
alanlar1 merkezde toplanirken; mutfak ve dinlenme alanlar1 geriye ¢ekilerek gdzden kaybolur. Aksam
saatlerinde ise binadaki aktivite azaldik¢a satis birimleri kapanir ve aksam boyunca kullanicilarin keyifle

vakit gecirebilecegi bir mekan haline gelir (Sekil 6).

268



E. Durmus ve B. Asimgil / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 10 (2) (2021) 263-272

Sekil 6. Hareket eden modiiller ile i¢ mekdnin doniigmesi [11]

Mimarlik ofisi Woods Bagot tarafindan pandemi nedeniyle ¢ogunlukla evde gegirilen zamani
konforlu hale getirebilmek icin, mekanin bir¢ok aktiviteye yonelik olanak kullanilmasini saglayacak
sekilde tasarladigi modiiler sistem de mekan hacminin doniiserek farkli pratiklere imkan saglamasini
kolaylastirmaktadir. Tasarlanan modiil giindiiz, gece ve oyun modu olarak {i¢c mod kullanimina yonelik
oOneri olarak sunulmustur. Bu modiil giindiiz modunda iki hareketli kabin, bir masa, bir oturma ve yemek
odas1 bulunan bir ofis-ev olusumu planlanirken, gece modunda hacmin {i¢ ayr1 mekana bdliinerek
kullanilabilmesi planlanmistir. Oyun modunda ise hareketli birimler tamamen kenarlara itilerek agik bir
alan olusturmakta ve birgok aktiviteye imkan saglamaktadir [13] (Sekil 7). istege bagli olarak farkli

modlarda kullanilabilen tasarim, her durumda mekanin esnek kullanimina olanak saglar pozisyonda

kurgulanmustir.
—— —— ——
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Sekil 7. Giin icerisinde farkli kullanimlara imkdn saglayan hacim [13]
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4. SONUC VE DEGERLENDIRME

Calismanin odak noktasini olugturan esnek mekanlar kapsaminda ele alinan esneklik kavrama,
degisen sosyal yasantiya adapte olabilecek alternatif mimari tasarimlara imkén saglamasi bakimidan

hem giiniimiiz hem de gelecek i¢in 6nemli olgulara sahiptir.

Tarih boyunca degigmeyen bir ihtiya¢ olarak barinma eylemi, giliniin kosullar1, yasanan olaylar
ve gelismeler sonucunda sayisiz degisime ugrayarak farklilasan mekan iiretimlerine yol agmustir.
Doganin verdigi dogal malzemeler ile insa edilen mikro 6lgekteki ilk barinaktan/konuttan giiniimiize
kadar olan siirecte yasama mekanlarimiz konfor diizeyi yiliksek hacimler haline gelmistir. Bu durumda
gelisen liretim sistemleri, yap1 malzemeleri ve en 6nemlisi bilgi ¢cagimin gelisen ve gelismeye devam

edecek olan teknoloji ayagi etkin bir rol oynamaktadir.

Mimarligin evrensellesmesi fikriyle baglayarak baglamindan koparilan yapinin farkh
ortamlarda uygulanmasi, degisen ortama ve sartlara yonelik gelistirilen tasarimlarin bir nevi temelini
olusturmaktadir. Plan semasindaki ve cephelerdeki serbestlik ile esneklik, modern mimarinin izleginde
gelisim firsati bulmaktadir. Sosyal yasam dengesinin tiimilyle bozulmasinda etkili olan kiiresel
savaglarin yasanmasi modern mimariyi oldugu kadar esneklik kavramini da derinden etkilemektedir.
Ozellikle II. Diinya Savasi sonrasi donemde kentlerin yapisal biitiinliigiiniin savas dolayisiyla
bozulabilir oldugunu deneyimlemis olmak, gelecek i¢in iitopik kent tasarilarinin olusmasinda 6nemli bir
etken olmaktadir. Her ortama ve sarta adapte olabilir, degisebilir, eklemlenebilir ve tasinabilir kent
tasarilart makro 6lgekteki titopik ve distopik sayilabilecek dngoriiler olsa da mikro 6lgekte esnek mekan
arayislart agisindan da 6nemli olgular1 barindirmaktadir. Nitekim bugiin Covid-19 pandemisi dolayisiyla
yasanan kiiresel 6lgekteki kriz, aslinda var olmasi gerekli esnek mekan kavraminin hem giiniimiiz hem
de gelecek icin dnemini bir kez daha gostermistir. Benzer sekilde bu donemde yasama birimlerindeki
esneklik arayislari, gelecek i¢in esnek mekéan iiretiminde bulunma yolundaki gereklilige dair ipuclarina
sahiptir. Ge¢mis yillarda gelistirilen 6nerilerden bazilar her ne kadar kullanilan malzemeler dolayisiyla
stirdiiriilebilir mimari ilkelerine uymayan 6zellikler barindirsa da giiniimiiz mimarliginin yetkinligi bu
piiriizleri ortadan kaldirabilecek diizeydedir. Dolayisiyla bu ¢alisma kapsaminda ele alinan 6nerilerin
incelenmesinin, degisen yasam kosullarina uyum saglayabilecek tasarim anlayisinin yayginlagmasi

yolundaki vurguyu artirmasi beklenmektedir.

CIKAR CATISMASI

Yazarlar ¢ikar ¢atismasi olmadigini bildirmektedirler.
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ABSTRACT

Hygrothermal (humidity-thermal) behavior of building components
exposed to weather conditions is an important part of the overall
performance of a building. Estimating and modeling moisture often
involves complex calculations. Today, apart from the experimental
methods, mostly the hygrothermal behavior of the building envelope can
be estimated with simulation programs. While the demand for simulation
programs used to calculate energy performance in buildings is increasing,
the interest in tools that calculate the hygrothermal behavior of the building
and building envelope is still not at the expected level. The main purpose
of this study is to examine the actively accessible hygrothermal analysis
programs in general and to examine their usability in literature. Firstly, the
simulation programs are overviewed. Later, to analyze the usability of
these programs, the articles published between 2001-2019 were examined
in electronic databases. As a result of the reviewing, eight programs were
identified and it was found that Wufi, DELPHIN and IDA-ICE tools were
used more in academic studies than other programs. However, although
there was a slight increase in hygrothermal analysis program usage, it was
observed that it was not at the desired level.

Oz

Hava sartlarina maruz kalan yapi bilesenlerinin higrotermal (nemsel-1s1l)
davranigi, bir binanin genel performansinin Onemli bir pargasini
olugturmaktadir. Nemin tahmin edilmesi ve modellenmesi genellikle
karmagik hesaplamalar1 igermektedir. Giiniimiizde, deneysel yontemler
disinda benzetim (simiilasyon) programlari ile cogunlukla bina kabugunun
kullanim sirasindaki higrotermal davranist tahmin edilebilmektedir.
Binalarda enerji performansini hesaplamak igin kullanilan simiilasyon
programlarina talep artarken, bina ve kabugun higrotermal davranigini
hesaplayan araclara olan ilgi ise hala beklenen diizeyde degildir. Bu
caligmanin temel amaci, aktif olarak ulagilabilen higrotermal analiz
programlarini genel olarak irdelemek ve kullamlirliklarni incelemektir. 1k
olarak simiilasyon programlarinin 6zellikleri incelenerek genel bir bakig
sunulmusgtur. Daha sonra bu programlarin kullanilirligin1 analiz etmek igin
2001-2019 yillar1 arasinda yaymlanan makaleler elektronik veri
tabanlarinda incelenmistir. Tarama sonucunda 8 program tespit edilmis ve
bu programlardan Wufi, DELPHIN ve IDA-ICE araglarinin diger
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programlara gore akademik c¢alismalarda daha fazla kullanildig
bulunmustur. Ayrica higrotermal analiz program kullanilirliginda azda
olsa artig olmasina ragmen istenilen seviyede olmadigi gorilmiistiir.

1. INTRODUCTION

In recent years, energy consumption and thermal comfort in the buildings are at the top of the
topics that are widely studied. Moisture control has become as important as building energy
performance, because indoor humidity is closely related to comfort and personal health, and also affects
construction durability and energy consumption [1]. Moisture in building components can adversely
affect the thermal performance of the building, as well as speed up aging and deterioration. High
humidity levels in building materials can also cause microbiological growth, such as mold [2]. This can
create uncomfortable indoor environments, impair user health and reduce the life of buildings. Moisture
can also cause structural damage by decay in organic materials such as wood. High indoor humidity
levels can affect the working efficiency of heating, ventilation and air conditioning systems; excessive
moisture or hidden load may require more energy to dehumidify during cooling [3]. For these reasons,
the estimation and control of moisture behavior in buildings and building components is as necessary as
energy efficiency and thermal comfort. The interaction between the building envelope and the
surrounding areas plays an important role in determining the hygrothermal behavior of a building. The
comprehensive situation of all boundary conditions that trigger this interaction requires us to perform a
detailed analysis of energy demands, internal conditions and hygrothermal conditions within the
building envelope. The general purpose of the hygrothermal analysis is to evaluate the temperature and
humidity conditions that may prevail in a whole or part of a time dependent or instantaneous building.
The following preliminary information is needed to estimate the hygrothermal performance of the

building structural element [4]:

» Geometry of the building element and all macro building details (building shape and height,
etc.), building element assembly details and micro details (cracks, etc.),

« Boundary conditions; internal environment conditions involving the interaction of the
building element with the internal environment, external environment conditions involving
the interaction of the building element with the external environment, boundary conditions
between the materials that make up the building element,

» Material properties and temperature, moisture content and change with age and chemical
interactions with other materials,

» Physics, chemistry, thermodynamics and combined heat, air and moisture transport

mathematics.
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The hygrothermal performance of a building shell is related to knowing which materials should
come together at the design stage, the temperature values of the material, the amount of water and
moisture performance [5]. Moisture performance of a building element can be determined by various
experiments, but it requires a long time and high cost. Different calculations can be made using
analytical and graphical methods, but these methods also have limitations. For this reason, the use of
computer models has become a necessity and become widespread today in the examination of humidity

performance of buildings [6].

Simulation is a general term and is used for a variety of purposes such as thermal comfort,
lighting, acoustics and energy consumption analysis, evaluation of different forms and designs in
existing or new buildings. Different simulation programs have been developed depending on usage
purpose. There are also special simulation programs used for moisture and thermal behavior
calculations. In recent years, the use of tools that simulate the building envelope or heat, air and humidity
conditions throughout the building has increased. Today, simulation programs that evaluate energy
performance are used more frequently, while the number and use of simulations that evaluate moisture
performance are relatively low. Although some simulation programs combine both heat and moisture
transfer calculations, the number of models that model moisture transfer to life is still limited. Models
used in simulation programs differ significantly according to their mathematical complexity and As
Straube and Burnett [7] stated in her work, this complexity based on the degree to which the model
including parameters such as moisture transfer size, flow type (steady state, semi-static or dynamic),
quality and acess on information, and the stochastic nature (material properties, weather, building

quality, etc.) of various data.

Eight hygrothermal simulation tools in this study were evaluated and presented in terms of their
general features. Then, to analyze the usability of these programs, four electronic databases were

scanned and the results were examined.

2. MATERIAL AND METHOD

The literature review is according to the studies on mentioned subject in scientific journals
published between 2001-2019 by using a systematic review approach. This approach allows the
identification of current relevant studies depending on a formerly designed research question [8]. In
addition, this reduces the author's subjectivity because it provides transparency of results and
reproducibility of the study [8]. The research consists primarily of brief introduction of hygrothermal
analysis programs that are in active use and scanning related studies in the main online databases that

covering academic studies in journals. Databases used for this study are Google Scholar, Web of
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Science, Scopus and ScienceDirect, which contain academic articles related to energy and engineering
fields and enable to make accurate and customized searches. Keywords “simulation name +
hygrothermal” are determined to examine how much these programs are used in academic studies and
the scan has been repeated as many times as necessary until the most recent research in this field has
been identified. Some criteria for inclusion and exclusion were determined to identify the most relevant
articles from the scientific literature. The study is restricted to researches published in academic peer-
refereed journals. All other publications (eg conference papers, periodicals and working papers) and

articles not written in English are also excluded.

3. HYGROTHERMAL SIMULATION PROGRAMS

In recent years, many simulation tools have been developed to analyze building performance
from different perspectives. According to the list on the US Department of Energy's website, there are

now more than 345 simulation tools for both commercial and research purposes [9].

The humidity problem in buildings has been studied since the first days of the last century, but
in recent years, the general issue of moisture transfer in buildings has become a more important study
area depending on the improvement in simulation programs. Heat & humidity conditions and transport
in buildings and building components should be handled together. It is clear that high humidity affects
negatively heat losses and temperature conditions in components of building causes moisture transfer.
Investigation of heat and moisture movements is expressed as "hygrothermic” [10]. Hygrothermal
models are necessary to simulate the combined transport of heat and moisture for one or multi-
dimensional situations in the field of building physics [11]. Hygrothermal simulation provides a
prediction of a designer's or engineer's moisture and temperature conditions and movements that may
occur within the building or building envelope. However, one of the shortcomings in many building
energy simulation programs is that it does not take into account the humidity in the building elements
or ignore the external/internal humidity fluctuation. Therefore, hygrothermal simulation tools that
calculate temporary temperature and humidity conditions in building envelope components under
realistic boundary conditions are increasingly needed by architects and engineers [2]. Most of the
hygrothermal simulation tools available in the literature are not currently available. For this reason,
hygrothermal simulation programs that are open for use have been compiled in terms of their features

in light of the information available and are summarized below:

Bsim

The Bsim simulation program was created by the Building Research Institute of Denmark

Alborg University is a tool to make model (one-dimensional) for the transport of heat and moisture in
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porous building materials. BSim2000, which is the updated version of the MATCH program, is also a
performance analysis tool for indoor climate, energy consumption and analysis of the building's daylight
performance. BSim is an integrated tool used to analyze buildings and active systems. This program is
capable with analysis of indoor climate, energy consumption, daylight conditions, simultaneous
simulation of moisture and energy transfer in buildings, integrated photovoltaic systems, natural
ventilation and electrical efficiency. The BSim program package consists of six different fixed modules;
SimView-Graphical user interface, Tsbi5-indoor climate and dynamic simulation of energy conditions,
Xsun-sunlight and shadow analysis and simulation, SimLight-daylight calculation, SimDXF-CAD
drawings import, SimDB-Structure and material database. It is also possible to use a number of

additional sub-modules.

Tshi5 is the main module of BSim [12]. This module provides dynamic simulation of indoor
climate, energy and humidity conditions in buildings. The results can be used in many ways. Tsbi5 is
also a module used for synchronous simulation of humidity and thermal conditions in spaces and
building elements. The moisture module enables the analysis of humidity changes in indoor climate,
moisture accumulation in structures and the risk of condensation on surfaces. For this purpose, the BSim
database has been expanded with sorption and desorption properties for building materials. The program

was last updated in 2020.

DELPHIN

DELPHIN has been developed for one- and two-dimensional combined heat, moisture and mass
transfer calculations in porous building materials [14]. The tool is used to simulation of temporary mass
and energy transport for standard and natural climate boundary conditions. Other usage areas are as
follows [13]:

 Calculation of heat bridges, including evaluation of hygrothermally problem areas (surface
condensation, interstitial condensation),

« Interior insulation design and evaluation,

» Ventilated facade systems, ventilated roofs,

» Temporary calculation of annual heating energy demand (taking into account the thermal
conductivity due to humidity),

» Drying problems (basement, building moisture, flood, ...),

» Calculation of mould formation risks.

The program was last updated on 2021.
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GLASTA

It is a reporting tool optimized for condensation/drying in multilayer structures with heat and
steam simulation according to EN 13788 and DIN 4108. It is a one-dimensional model used for the
prediction of heat and moisture in porous building materials. Monthly average temperature, vapor
pressure or relative humidity values can be calculated with the program. It has also a weather database
for more than 100 European regions [11]. The program was last updated on February 4, 2015 [15].

HAMLab

HAMLab (Heat, Air and Humidity Laboratory) was developed by students and researchers
under the supervision of Jos van Schijndel at Eindhoven University of Technology and is a modelling
toolkit for temperature, air and humidity calculation. It consists of models that can work in the
Matlab/imulink/FemLab/ COMSOL environment. For example, HAMBase is one of the sub-units of the
model and is used for the analysis of heat and moisture flows in buildings. The main goal of the model
is to calculate the indoor thermal conditions and energy usage. With the model, indoor temperature, air
humidity and energy consumption for heating and cooling in buildings can be calculated [16]. No
information has been available on when it was updated lastly.

IDA-ICE

It is a detailed and dynamic multi-zone simulation tool for the calculation of the energy
consumption of the buildings, as well as thermal indoor conditions, used mostly in the Scandinavian and
Central European countries. It is a calculation tool with many features, including models for heat transfer
in the building envelope, flow networks, daylight and energy systems analysis. The integrated airflow
network incorporates a wide range of calculations such as thermal models, CO2, humidity and vertical
temperature gradients [17]. To investigate the moisture transfer with the IDE-ICE program, commonly
used wall model was changed with HAMWall, created by Kurnitski and Vuolle [18]. HAMWall can
work as a single distanced model or as a component of a larger system. Transport of water as liquid is
not modeled and hysteresis is not considered in this tool. It is also possible to examine the following

conditions by using this tool [17]:

» The effects of buildings on indoor air quality and thermal comfort,

+ The building materials and furniture as a moisture barrier to mitigate air humidity fluctuation,
» Hygrothermal analyse based on changing indoor climate conditions,

» The effect of ventilation system according to low or overpressure on hygrothermal conditions

in the building envelope,
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» The effect of moisture on the heating and cooling load.

A new version of the program was released in 2018 [19].

MATCH

MATCH is a model developed in Denmark. It can be used to temporary calculation of the
movement of heat and moisture through composite structure constructions. The air flow can be
calculated by using a different type of the tool. MATCH works based on the finite control volume
method to make calculations for the temporary variation of both thermal and moisture dependent
variables. Moisture movement is accepted to only cause by the steam flow. The tool was validated by
comparing its results with the experimental data created from laboratory and field studies [18]. Its latest

version was published in 2003 [20]. Among the advantages of the program are:

« Including the hygroscopic capacity of building materials,
 Including definition of the bidirectional interaction between heat and moisture transfer,

» A research-oriented and user-friendly tool for practitioners in the building design process.

MOIST

MOIST is a user-friendly simulation tool predicting one-dimensional transfer of heat and
moisture. The wall, cathedral ceiling or low-pitched roof structure can be easily identified with MOIST.
Then, the impacts of several parameters on the moisture accumulation in the building layers can be
investigated. For example, the impact of climate change on moisture accumulation can be examined by
defining the weather conditions for different cities. It can be determined whether a vapor retarder is
required and its location within other materials if necessary. The user can change materials and their
locations and can predict moisture in each of them as a function of time based on selected weather data
[21].

The MOIST model has detailed capillary pressure curve. It also examines the impact of water
vapor resistance offered by paint layers, walls and steam retardants. Algorithms in the program can
predict moisture transfer through the capillary flow regime in the diffusion regime. The effect of water
evaporating from one place and condensed elsewhere is included in the model. The model uses the
moisture content, relative humidity and temperature of the building layers, as well as the database of
heat and moisture properties for common building materials. During a simulation, the user can specify
a constant indoor temperature and relative humidity or allow relative humidity to change and be
calculated from the humidity balance of the entire building. The program can be used for the following

wall, unventilated cathedral ceiling and low-pitched roof applications [22]:
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+ Estimating winter moisture content in the outer structure layers and determining whether a
retarder is needed,

 Estimating the surface relative humidity in the building layers in hot and humid climates,

» Determination of drying rates for materials containing original building moisture,

 Investigation of the performance of cooling tanks,

 Analysis of impact of moisture on heat transfer.

One of the most important limitations of the program is that the model is one-dimensional. This
means that the model does not include the effect of framing elements and two- and three-dimensional
effects, such as vertical movement of moisture in the soil. Moreover, it does not include wetting a model
building with rain and snow load insulation effect and change in roof absorption. In addition, the model
does not include air movement, and the transfer of heat and moisture. The construction is assumed to be
airtight [22]. The program was last updated in 1997 [23].

WUFI

The Hygrothermic Division in Fraunhofer IBP, Germany has created the WUFI simulation
packages to make hygrothermic analysis. It can make dynamic simulations of combined heat and
humidity transfer. The methods used are approved worldwide and make possible simulation of
hygrothermal conditions in components and buildings depending on real climatic conditions. The tool
works according to the latest information on vapor diffusion and fluid transfer in building materials. For
boundary conditions, measured external climatic data, including precipitation and solar radiation, are
used. The common feature of the WUFI family is that it is a dynamic, matched simulation of heat and

humidity transport. However, WUFI is later divided into two categories [24]:

1. Simulation of building element (WUFI Pro and WUFI 2D): focuses on single or multi-
layered building components such as walls and roofs exposed to the defined external and
internal climate. These calculations evaluate issues covering whether one-dimensional cross-
sections and/or cross sections such as balcony joints will sustain moisture-related damage.
WUFI Pro is a basic tool to investigate the hygrothermal performance of one-dimensional
building envelope sections. WUFI 2D is a higher version of WUFI Pro and is used for the
evaluation of detailed geometries (building corners, window connections, basic interfaces,
etc.).

2. Building simulation (WUFI Plus and WUFI Passive): the building deals with behavior in an

integrated manner and takes into account the effects of moisture on indoor environment. The
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main aim of this version is to evaluate indoor conditions and the energy requirements to

maintain comfortable and healthy indoor environment [19].

WUFI Plus is the most extensive version within the Wufi simulation packages. It can simulate
the indoor environment and its impact on comfort and energy consumption as well as the hygrothermal
conditions in building elements defined by user. WUFI Plus is also capable of dynamic evaluation of
thermal protection in summer. It can calculate the transient response of three-dimensional thermal
bridges. According to results of WUFI Plus simulations, the user decides whether the building meets the

passive house criteria.

WUFI Passive: It is different version of WUFI Plus. The main difference is that the dynamic
hygrothermal simulation is only performed after the passive house criteria are met. Moreover, WUFI
Passive works a quick monthly balance method that allows for optimization of passive house criteria

and subsequent certification.

WUFI Plus Free and WUFI Passive Free: These are free versions and they do not make hybrid
component simulation and room environment simulation. Also, databases are not changed with different

values and results are not exported.

Results from simulations include graphs showing all moisture content and each layer in the
system. There are also graphs showing temperature and relative humidity data for simulations. WUFI is
used by building materials manufacturers, consultants, designers and experts in the field of

hygrothermic. The program was last updated in 2019 [24].

4. SCANNING HYGROTHERMAL SIMULATION PROGRAMS IN DATABASES

Simulation programs are tools used to better understand events or processes after they are
mathematically expressed and provide effective solutions and are often preferred to provide the
necessary supporting information in decision making. Eight simulation tools that can actively represent
the hygrothermal behavior of the buildings with different levels of detail and complexity have been
identified.

Determined keywords (program name + hygrothermal) were scanned in Google Scholar, Web
of Science, Scopus and ScienceDirect databases to evaluate how much these programs are preferred in
academic studies. In this research, only articles published in peer-reviewed academic journals and
written in English were included; conference papers, periodicals, books, theses, etc. other types of

publications have been excluded from scanning.
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The literature search carried out on 01.03.2021 and the results are given in Table 1. It is clear
that results vary depending on the databases. It was found that WUFI program was the most used
program in academic studies compared to other simulation tools. The DELPHIN program is the second
most widely used simulation tool. IDA-ICE, Bsim and HamLab programs are other common tools used
in literature. GLASTA is the least used simulation tool. Moist and Match programs have been scanned
in detail but articles found are not related to the main topic, as moist and match evoke words with

different meanings. Therefore, they were not included in the study.

Table 1. Scanning results in different databases

Tool name The number of the results
Google Scopus Science Direct | Web of Science Total
Scholar
Wufi 542 258 159 76 1035
Bsim 128 11 4 1 144
Moist * * * * 0
Match * * * * 0
IDA-ICE 213 16 4 1 234
HamLab 83 2 5 * 90
GLASTA * 3 2 * 5
DELPHIN 512 73 67 17 669

* No relationship was found between the results and the subject.

The number of articles is also examined according to years and we focused to articles published
after 2000. Due to the possibility of classification by year, Scopus was chosen to continue with this
review. According to results, there is no significant increase in the publications made between 2000-
2019 regarding studies used hygrothermal simulation programs (Figure 1). Although Wufi and
DELPHIN tools have been gaining popularity over the past years, no significant changes have been
observed for other programs. One of the possible reasons for the increase in the use of the wufi program
in academic studies is that wufi consists of several sub-programs that serve different purposes such as
building component and whole building simulation. The other reason being this is that comprehensive
features have been added to Wufi and DELPHIN.
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Figure 1. Number of articles published from 2001 to 2019

5. CONCLUSION

In this study, eight tools for hygrothermal analyse are examined with their general features and
reviewed how much they are used in academic studies. The analysis focused on articles published in the
last 20 years. According to results of scanning the literature, there are still few studies used tool for
hygrothermal analysis. If the current growth trend in the number of studies continues in the coming
years, it is likely that research on this subject will deepen and new perspectives can be brought to the
subject of hygrothermal analysis. The increase of these studies might be related to the developments in

hygrothermal analysis programs.

The eight toolkits and their general information are summarized in Table 2. According to this,
Moist and Match tools were updated before 2015, while rest of them were updated newly. All of tools
are actually simulation engines except for HamLab. Most of the tools are optimized to run simulations
at the building component scale, only wufi seem, focusing more on the whole building scale. The
database reviews showed that there was no free simulation tool for hygrothermal analyse. From our
point of view, it was a barrier to their widespread use. There are various reasons that affect usage of
simulation programs. These can be explored in other studies to obtain detailed information. Finally,
since program capacity and features will affect preferences, researcher will select simulation tools that
are more suitable for their own problems. Supporting the use of hygrothermal modelling in building
design will also be encouraging for the proliferation of programs. The information in this review can
help users in both academia and industry know and choose appropriate tools to address moisture issues

in buildings.

As with any research study, there are some limitations to this article. This review gives a
snapshot of the current state of scientific research. The option to analyze only peer-reviewd scientific

journal articles may potentially have excluded relevant some articles.
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