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Kamusal alanda kullamici1 odakh bir deneyim: bir kongre i¢cin mobilya
tasarlamak

Fiisun Curaoglu*(", Giil Agaoglu Cobanlar?

OZ: Kamusal alanlar; toplumsal yasamm siirdiiriildiigii, tiim vatandaslar tarafindan
erisilebilen, sosyal hayat i¢inde toplumsal goriisiin sekillendigi ortak alanlardir. Ortak mekan
olarak ele alman kamusal alanlar bilimsel bilgiyi 6§renmek, tartismak ve yaymak amaciyla
diizenlenen kongre, sempozyum gibi bilimsel toplantilarin fuaye alanlarin1 da kapsamaktadir.
Fuaye alanlar1 farkli amaglarla kullanilan mekanlardir. Bu kapsamda, katilimcilarin kisa
zaman araliklarinda kullandiklar1 fuaye alanlarmin ve bu mekénlarda kullanilan mobilyalarin
tasarimlari, strecin verimli yiiriitiilmesi i¢in 6nem kazanmaktadir. Calismanin amaci, kongre
katilimcilarinin bilimsel sunumlar disinda fuaye alanlarinda bireysel ya da ¢oklu kullanima
yonelik beklentilerini belirlemek ve bu kapsamda gereksinimlerini karsilayacak cok amagl
mobilya tasarim kriterlerinin belirlenmesidir. Arastrmanin yontemi nitel bir arastirma
yontemi olan durum c¢alismasidir. Arastirmada katilimcilarmm kongre fuaye alanlarimi
sosyallesme, etkilesim, iletisim ve fiziksel ihtiyaglarm karsilanmasi i¢in kullanmak istedigi;
ancak bu alanlarin ve mobilyalarm kullanicilarin beklentilerine yonelik tasarlanmadigi
belirlenmistir. Sonug olarak fuaye alanlarina yonelik tasarlanacak mobilyalarin kullanicilarin
fiziksel, sosyal, iletisim ve teknoloji odakl istekleri dogrultusunda tasarlanmasi gerekliligi
sonucuna ulagilmustir.

Anahtar kelimeler: Kamusal i¢ mekan, Kongre fuaye alani, Cok amag¢li mobilya tasarimi

A user-centered experience in public space: designing furniture for a
congress

ABSTRACT: Public spaces are communal areas where social life thrives, shaping collective
perspectives within the societal framework and being accessible to all citizens. These shared
spaces encompass not only traditional public squares and parks but also extend to the foyer
areas of scientific gatherings such as conferences and symposiums, organized for the purpose
of learning, debating, and disseminating scientific knowledge. Foyer areas serve as versatile
spaces utilized for various purposes. Therefore, the design of foyer areas and the furnishings
within them becomes crucial for the efficient execution of the process. The study aims to
identify the expectations of conference participants regarding individual or multiple uses of
foyer areas, beyond scientific presentations, and to establish criteria for the design of
multipurpose furniture that meets these requirements. The research methodology employed is
a qualitative approach known as a case study. It has been determined that participants desire
to use conference foyer areas for socialization, interaction, communication, and meeting
physical needs; however, it has been found that these areas and furnishings are not designed
to meet users' expectations. In conclusion, it is imperative that furniture designed for foyer
areas must align with users' physical, social, communicative, and technological desires and
expectations.

Keywords: Public interior, Congress foyer area, Multi-purpose furniture design
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1 Giris
Kamusal alan kavrami; Antik Yunan’dan gunumuze kadar olan tarihsel stire¢ icerisinde
(latince poplicus kelimesinden tiiremis olan) publicus kelimesini Ingilizce’de public,

Almanca’da offentlichkeit ve offentlich, kamu ve alenen anlamma gelen kelimeleri ile
tanimlanmaktadir (Habermas, 2018).

Jurgen Habermas Kamusal Alanin Yapisal Dontisiimii (2018: 251) adli kitabinda kamusal
alan1 toplumsal yasamin siirdiiriildigii ‘toplumsal’in alant’ olarak yorumlamaktadir. Ek
olarak, Habermas kamusal alani; tiim vatandaslar tarafindan erisilebilen, sosyal hayat i¢inde
toplumsal goriisiin sekillendigi ortak alanlar olarak betimler (Hohendahl ve Russian, 1974).
“Ogzel bireylerin kamusal bir gdvde olusturarak toplandiklar1 her konusma durumu, kamusal
alanin bir pargasi olarak varlik kazanir” yaklagimiyla genisleyen kamusal alan simirlart farkli
amaglarla bir araya gelen insanlarin toplanmasi i¢in her bir amacta yeni iglevlere sahip
olabilmektedir (Habermas, 2004: 95).

Rappa (2002: 7) tarafindan kamusal alan, insanlar arasindaki etkilesimin fiziksel alani,
bilgi aligverisinin alani, politikalarin ortaya cikarilma alani olarak belirtmistir. Bu kapsamda
genel olarak bir tartigma, fikir olusturma ve bunlarin sunulabildigi, paylasildig: tiim alanlar
kamusal alan tanimi igerisinde yer almaktadir. Sennett (2010: 129) kamusal alanda var olan
kamusal insanin alani olarak bu kavrami tanimlarken, onu “erigkinlerin oyun alan1” olarak da
tanimlar. Bu alanlar1 cisim kazanarak, kamusal aktor olarak duygularim, fikirlerini ifade eden
bir insan olarak gérmektedir (Sennett, 2010: 149).

Bir ortak mekan olarak ele alinan ve bilimsel bilgiyi 0grenmek, tartisarak yaymak
amaciyla dlzenlenen kongrelerin gergeklestirildigi bir toplanma alani, paylasim mekani
olarak kullanilan kongre fuaye alanlar1 da bu ¢alismada bir kamusal alan pargasi olarak ele
almmis ve incelenmistir. Kongreler diinyada farkli disiplinlerde calisan bilim insanlarinin
arastirmalarmi sunmak, bilgi birikimlerini paylasmak ve tartismak amaciyla bir araya
geldikleri énemli bilimsel etkinlikledir. Bu siire¢ igerisinde 6zellikle mola anlarinda kisisel
veya grup olarak bir araya geldiklerinde bulunduklari ortak alandan yani fuaye alanindan
birbirinden farkli beklentileri ortaya ¢ikar. Bu kapsamda fuaye alanlari bu gereksinimleri
karsilamak amaciyla, genellikle, ikramlarin yerlestirildigi yiiksek masalarin bulundugu bir
ortam hazirhigi ile diizenlenir. Oysa bilimsel sunumlarim molalar1 bilim insanlar1 i¢in hem
hazirlik hem iletisimin hizli ve etkin gergeklestirildigi zaman araliklaridir ve bu siiregte
katilimcilarin atistirmaktan ¢ok Once gergeklesmesini istedikleri birgok farkli beklentileri
vardir.

Bu calismanin amaci; bilimsel etkinliklerde kongre katilimeilarinin bilimsel sunumlar
disinda fuaye alanlarinda bireysel ya da ¢oklu kullanima yonelik beklentilerini belirlemek ve
bu kapsamda gereksinimlerini karsilayacak c¢ok amagli mobilya tasarim kriterlerinin
belirlenmesidir. Bu kapsamda arastirmada asagidaki sorularin yanitlar1 amaglanmistir;

1. Kongre katilimcilarinin fuaye alaninda kullanilacak mobilyaya yonelik beklentileri
nelerdir?

2. Belirlenecek kriterler kapsaminda ¢ok amacgli mobilya tasarim kriterleri nelerdir?

3. Fuaye alanina yonelik tasarlanan ¢ok amag¢li mobilya grubu kongre katilimeilarinin
gereksinimlerini nasil karsilamistir?

Bu ¢alismanin siire¢ ve sonuglarinin, farkli amagclarla diizenlenen ve hizli mekansal refleks
gelistirmesi beklenen, fuaye alanlarmin mek&n ve mobilya tasarimlari i¢in ¢6ziim Onerisi
hazirlamak isteyen tasarimcilar acisindan bir 6rnek ¢alisma olacagina inantyoruz. Ayrica
aragtirmanin bir mobilya kongresi silirecinde planlanmig olmasi, bununla birlikte arastrmanin
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tum suregleri ile tasarlanan-retilen mobilya grubunun son degerlendirmesinde de katilimci
olarak, mobilya alaninda ¢aligan akademik-profesyonel tasarimcilar ile sektor temsilcilerinin
yer almis olmasi da ¢alismanin ilgi ¢ekici bir yonii olabilir.

1.1 Kamusal i¢c Mekan

Kamusal alanlarin bir pargasi olarak kamusal i¢ mekanlar toplumsal iiretim iliskileri
icerisinde kullanicilarin ihtiyaclarini karsilarlar. Lefebvre’nin toplumsal mekanm bir iirlini
olarak degerlendirdigi kamusal i¢ mekan, alanyazinda farkli bakis agilari ile tanim bulur.
Cordan ve Colak kamusal i¢ mekanlarin olusumunu asagidaki gibi ifade etmektedir:

“Sanayi Devrimi déneminde insanin temel ihtiyaclart olan yemek yeme, icme ve sosyallesme gibi
ihtiyaglar 6zel mekanlar olan kiigiik apartman dairelerinden tasarak sokaklara dokiilmeye baslamis ve
sokaklar insanlarin yeni yasam alani haline gelmistir. Bu degisim dogrultusunda ise insan ve gevre
etkilesimine hizmet edecek niteliklere sahip ¢esitli fonksiyonlari igerisinde barindiran “kamusal ig
mekanlar” yaratilmistir” (Cordan ve Colak, 2015).

Antik donemlerden giiniimiize dek bireylerin bir araya gelebilmek ve farkli ihtiyaglarini
karsilamak i¢in kamusal mekan olarak kullandiklar1 tapinak, agora, bazilika, hamam vd. gibi
farkli islevlere sahip i¢ mekanlar, zaman igerisinde farkli gereksinimlere gore igerikleri
degiserek ¢esitlenmistir. Tarihsel siireg igerisinde kamusal i¢ mekanlar ¢ogunlukla tapinaklar,
okul, iiniversite ve arsiv gibi farkli kamusal ihtiyaclar1 karsilamak amaciyla da kullanilmistir
(Onay Saglar, 2005:1). Bu farkliliklar iklime, kiiltiire, igerisinde bulundugu yapilarin
islevlerine ve kullanicilarin gereksinimlerine baglh gerceklestirdikleri aktivitelerinin g¢esitliligi
ile de dogrudan iliskidir. Antik Yunan ve Roma donemlerinde de kamusal mekanlar agirlikli
olarak gilindelik yasamin baglica sosyallesme alanlar1 olarak karsimiza ¢ikar. Antik Yunan’da
Ust Ortist bulunmayan evler ve kamu yapilariyla sinirlanan mekanlar olarak tanimlanan
agoralar, donemin baslica kamusal mekanlaridir (Roth, 2006: 268).

Roma Doneminde ise Bazilikalar, dini ritiellerin gerceklestirildigi erken hristiyanlik
donemi kamusal i¢c mekanlaridir (Onay Saglar, 2005, s.3). Yine Roma doneminde kullanilan
bir diger kamusal i¢ mekan ise hamamlardir. Bu donemde hamamlar, toplumsal yasanti
acisindan sosyallesme de 6nemli bir rol oynar (Roth, 2006, s.306).

Ozellikle Sanayi Devrimi ve sonrasinda kamusal i¢ mekanlarm birbirinden ¢ok farkli
gereksinimlere yanit veren igeriklere ve islevlere sahip oldugunu goriiyoruz. Onay Saglar
(2005: 5), bu gereksinimlerin temelinde 20.yiizyil kamusal i¢ meka&nlarin1 meydana getiren
stireci tanimlarken, baglami sanayi devrimi ile ulasim ve ticaret aktivitelerinin artisi, yeni yapi1
tiplerinin insa edilisi ile iliskilendirir. Bu donemde gar, fabrika, depo, aligveris merkezi, ofis
binasi, miize gibi yeni yapi tipleri dogar. Celik ve cam kullanimi, genis agikliklarin giin
1s18indan mahrum kalmadan ortiilebilmesini saglayinca, ger¢ek anlamda cagdas kamusal i¢
mekanlarin kullanim1 yayginlagsmaya baslar. Bu duruma 6rnek olarak binalarin i¢inde bulunan
ve farkli amaclarla kullanilabilen kamusal i¢ mekanlar olarak lobi alanlar1 da ornek verilir
(Radulescu, 2017: 110). Ek olarak, bina icerisinde yapilan ¢ocuk oyun alanlari, terminal
salonlari, bina icerisindeki genis ¢cok amacl salonlar ve fuaye alanlar1 da birer kamusal i¢
mekan ornekleridir. Bu kapsamda, kamusal i¢ mekanin yapilanmasinda doniim noktasi olarak
kabul edilen ilk ornek Sekil 1°de goriildiigii gibi Ingiltere'de 1851 yilinda yapimi tamamlanan
Crystal Palace’ dir (Addis, 2006: 5).

Sennett, Rappa, Rapaport ve Habermas gibi arastirmacilar da siklikla yaymnlarinda kamusal
dis ve i¢c mekanlar1 insanlarin bulusma, etkilesime girme, iletisim, tartisma ve bilgi liretme
amagclariyla toplum tarafindan olusturulan ve kullanilan mekanlar olarak ele almaktadirlar. Bu
baglamda ¢aligmanin konusu olarak ele alinan fuaye alanlar1 da bu gereksinimler kapsaminda
yapilanan, kullanim amacma yonelik olarak hizla islev degistirerek yenilenen bir kamusal i¢
mekan pargasi olarak ele alinmis ve degerlendirilmistir.
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Sekil 1. Kristal Palas i¢ mekan gorunimi (Addis, 2006: 6)

Pimlott kamusal i¢ mekanlari, kamusal alanin 6zel alan1 ya da siginagi olarak tanimlar ve
bu alanda toplanma, etkilesime gecme gibi eylemlerin gergeklestirilmesi gerektigini belirtir
(Pimlott, 2018: 5). Ek olarak, Pimlott (2018: 16) kamusal i¢ mekanlara verilen degere dikkat
cekerek bir toplumun degerlerini ve fikirlerini gosteren alan olarak tanimlamaktadir. Temelde
kongre mekénlar1 da bilgi aligverisinin ve katilimcilar arasinda etkilesimin oldugu, yeni
fikirlerin paylasildigit mekénlardir. Bu mekanlar ve mekénlarda yer alan mobilya ve
donatilarin tasarimlari, birbirleri ile ve mekénla iliskileri de 6nemli tasarim problemleri olarak
karsimiza ¢ikmaktadir.

Bu kapsamda, kongre fuaye alaninda bilimsel toplantilar i¢in bir araya gelen katilimcilarin
ihtiyaglarina ve beklentilerine yanit vermesi amaciyla tasarlanan ¢ok amacli mobilya grubu
tasarim projesinin arastirma, tasarlama, uygulama ve kullanici beklentilerinin degerlendirilme
stireci paylasilmstir.

1.2 Bir Kamusal Alan olarak Fuaye Alanlar1 ve Bilimsel Toplantilar

Hasol’un (2012: 174) tanimlamasi ile fuaye; Fransizca foyer kelimesinden tlireyen, “bir
gosteri ya da toplanti binasmin, temsil ya da toplant1 aralarinda kullanilan dinlenme holi”’
olarak tanimlanir. Bu islevlere Rappa’nin kamusal alana iliskin bes farkli tanimindan yola
¢ikarak bakildig1 zaman,;

e Insanlar arasi etkilesim tanimima karsilik olarak lansman ve kokteyl,

e Insan eylemlerinin sonucunda ortaya ¢ikan yatay dolasim,

e Bilgi aligverisi acisindan sosyallesme ve etkilesim kurma,

e Tartigmalarin  meydana  geldigi alan agisindan  bakildiginda  ise
kongre/sempozyum siirecinde iletisim ve bilgi liretimi

e Politikalarin ortaya ¢iktig1 alanlar olarak da tartisma islevleri belirlenmektedir
(Rappa, 2002: 7).

Fuaye alanlarina iligkin bu islevler 6zetle; dinlenme, toplanti, kokteyl, yatay dolasim,
sosyallesme, etkilesim, tartisma ve kongre/sempozyum siirecinde iletisim ve bilgi liretimi
olarak siralanabilir. Ayrica kent dlcegine bagli olarak kamusal alanlar sabit veya tagmamaz
triinlerle birlikte daha statik bir yapiya sahipken, kamusal i¢ mekénlar hizli islev
degisimlerinden dolay1 daha dinamik ve degisken bir mekénsal yapiya sahip olabilmektedir.
Birbirinden farkli iglevlere kisa zaman igerisinde doniisebilmeleri de fuaye alanlar1 icin
mobilya ve donat1 elemanlarmin tasarim kriterlerinin belirlenmesi agisindan dncelikli 6neme
sahiptir. Mekanin bir pargasi olarak tasarlanan donatilar bir sistem olusturmalidir. Mekan-
etkinlik-donat1 arasinda bir uyum olmali, hepsi bir arada hareket etmelidir (Kahveci ve Goker,
2020: 694). Bu baglamda, fuaye alanlarmm i¢ mekan dinamikleri kapsaminda, yatay dolasima
uygun olarak konumlandirilmas1 ve gereksinimler dogrultusunda tasinabilir, toparlanabilir,
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birlestirilebilir veya depolanabilir olarak tasarlanarak yapiya uyum saglamalari da isleve
yOnelik 6nemli tasarim kriterleridir.

Farkli tasarim firmalar1 tarafindan farkli amaglarla kullanilan fuaye alanlari i¢in tasarlanan
mobilyalarin; akustik bélmeler, oturma alanlari, mobilya ve aydinlatma elemanlari, ortak
oturma, dinlenme, ¢aligma, iletisim kurabilme gibi pek c¢ok islevi karsiladigi goriilmektedir.
Birgok farkli eyleme cevap vermesi karsilamasi beklenen mobilyalar, bazen bir eylemden
digerine gecis asamasinda dahi bir islev iistlenebilmektedir (Ozel ve Uriik, 2021: 591). Farkli
organizasyon alternatifleriyle oturma eleman islevi disinda da elverisli olan tasarimlara bir
diger o6rnek Sekil 2°de goriildiigii gibi Zero Space gosterilebilir.

Sekil 2. Igarsashi Design Studio’nun (2018) Tokyo’da tiniversite yapisinda ortak kullanim
alanina 6zel tasarim1 Zero Space

Bu ¢ergevede, toplanti, gosteri, kiiltiirel etkinler ve kongre merkezleri gibi farkli amaclarla
tasarlanmis binalarda bulunan fuaye alanlar1 bilgi aligverisi, tartisma, dinlenme, gdzlemleme
ve sosyallesme gibi birgok islevi karsilayabilmektedir.

Bu kapsamda, ¢alismanin yiiriitiildiigii V. Uluslararasi Mobilya Kongresi tarihsel slrecte
farkli illerde ve farkli mekanlarda gergeklesen bir kongredir. 1997 yilindan itibaren mobilya
alan1 iizerine arastirma yapan akademisyen ve mobilya lreticilerini bir araya getirmek Uzere
mobilya kongreleri diizenlenmeye basladi. Kronolojik olarak kongrelerin diizenlenme tarihleri
asagida paylasilmistir. Bunlar:

e 1997, Ulusal Mobilya Kongresi, Ankara
e 2013, Ulusal Mobilya Kongresi, Denizli
e 2015, Ulusal Mobilya Kongresi, Konya
2017, Uluslararas1t Mobilya Kongresi, Dlzce
2018, Uluslararas1t Mobilya Kongresi, Eskisehir
2020, Uluslararas1t Mobilya Kongresi, Trabzon
2023, Uluslararas1t Mobilya Kongresi, Konya
Bu kapsamda, farkli kongre merkezlerinin ya da farkli mekanlarin fuaye alanlar1 mobilya
kongrelerine yonelik diizenlenmistir. Ancak, mobilya kongresinin amacina uygun olarak
tasarlanan fuaye alani1 mobilyasmna ulagilamamustir.

1.2.1 Bilimsel toplantilar ve fuaye alanlarinin kullanimi

Bilimsel toplantilar, bilimsel bilgilerin paylasildig1 ve kisiler aras1 sosyal, kiiltiirel iletigim
ve etkilesimlerin saglandig1 toplantilardir. Bu toplantilar stirecinde katilimcilar,
konferans/kongre/sempozyum sunum aralarinda katilimcilarin iletisimleri, oturumlar oncesi
hazirlanmalari, birbirlerinden bilgi almalari, dinlenmeleri, atistrmak gibi bircok
gereksinimleri kapsaminda fuaye alanlarini kullanirlar. Kongre meké&nlarinda ayni anda veya
farkli zamanlarda ¢esitli etkinliklerin yapildig: i¢in farkl biiyiikliikte/yiikseklikte salonlarin
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ve fuayelerin tasarlanmasi gerekmektedir (Oztas ve Polat, 2021: 125). Bu kapsamda fuaye
alanlarinin farkl iglevler i¢in kullanilan mekan boliimleri vardir.

Kiiltiir ve Turizm Bakanligi (2004) tarafindan yayinlanan Kiiltiir Yatirim ve Girisimlerinin
Nitelikleri ve Nicelikleri Yonetmeligine gore fuaye; giris holii ve ¢cok amacli salonla fiziksel
olarak iligkili olur. Bu mahalde, salon kapasitesine uygun yeterli sayida oturma iinitesi ve
vestiyer birimi yer alir. Girig holii, fuaye ile iligkili 6n fuaye ya da sergileme mekani olarak
kullanilabilmektedir.

Ozellikle oturum arasinda zaman kisithiiginm oldugu paylasim ortamlarmin mekan ve
donati tasarimlar1 zamanin dogru ve etkilesimli kullanilabilmesi katilimeilar i¢in 6nceliklidir.
Bu mekan parcaciklarinin ve mekanda yer alan mobilya ve donatilarin tasarimi i¢ mekén
tasarimcilar1 i¢in yaratict ve yenilikgi mekan tasarimlar1 yapabilmeleri igin ilgi ¢ekici
olabilirken, yaratici problem ¢dziimleri i¢in de yeni firsatlar sunabilir.

1.2.2 Mekan bolimleri

Literatiir incelendiginde fuaye alanlar1 islevleri baglaminda farkli boliimlere ayrilmadan
genel ortak alanlar olarak ele alinmaktadir. Ancak mekénsal olarak incelendiginde fuaye
alanlar1 baglica li¢ ana boliimden olugsmaktadir. Bu boliimler giris, dolasim ve etkilesim
alani/bekleme alanlar1 olarak tanimlanabilir. Giris alanmi igerisinde bulundugu meké&nin ana
girisiyle iliskilidir. I¢ ve dis arasmdaki iliskiyi kurma ve gecisi saglama islevlerine ek olarak
diger i¢ mekén boliimlerine gegislerde de rol oynamaktadir. Dolagim alani mekanlar arasi
gecis amaciyla kullanilan yatay ve dikey dolasim alanlaridir. Etkilesim ve bekleme alanlari
ise fuaye alanlarinda bulunan kayit islemleri, iletisim, sarj ve atistirma gibi gereksinimler i¢in
kullanilan banko, bank, masa gibi iiriinler etkilesim alaninin temel mobilya ve donatilaridir.
Mobilya i¢ mekanlarin bir parcas1 olarak islevlerin yerine getirilmesinde mekani
tamamlayarak big¢imlendirilmesine katki saglamaktadir (Ozel, 2021: 95). Mobilya ve
donatilarin mekénla ve kullanicilarla kuracag: iliskiler de i¢c mekan tasarim sirecinde énemli
tasarim problemlerini biinyesinde barindirmaktadir.

2 Materyal ve Metot
2.1 Materyal

Bu calismada bir kamusal i¢ mek@n olarak, V. Uluslararas1 Mobilya Kongresinin
yuriitildigii mekadnin fuaye alani igin tasarlanan ¢ok amacgli mobilya grubu mekan ile
kullanic1 odakl siiregleri ve sonuglar1 ele alimmistir. Calisma ¢ok asamali bir problem ¢dzme
stirecini kapsamaktadir. Bu arastirmanin yontemi kongre katilimcilarmnin fuaye alaninda
mekana ve mobilyaya dayali gereksinim ve beklentilerini kesfetmeyi amacglayan nitel bir
arastrma yontemi olan durum calismasidir. Nitel arastirmada durum g¢aligmasi bir olayin
yogun bir sekilde ¢alisilmasiyla ilgilidir. Ama “durum” anlami bir bireyden bir kdy halkina ya
da bir olaydan belirli bir programin uygulanmasi gibi, bir dizi isleme gore degisebilir (Glesne,
2015: 30). Creswell (2007)’e gore durum calismasi; arastirmacinin zaman igerisinde
smirlandirilmis bir veya birka¢ durumu c¢oklu kaynaklari igceren veri toplama araglari
(gozlemler, goriismeler, gorsel-isitseller, dokiimanlar, raporlar) ile derinlemesine inceledigi,
durumlarin ve duruma bagl temalarin tanimlandig: nitel bir arastirma yaklagimidir. Aragtirma
kapsaminda, V. Uluslararast Mobilya Kongresi katilimcilar1 ile kongre fuaye alani igin
mobilya tasariminin tek, temsili ve tipik bir durum olmasi ve daha 6nce uygulanmamis olmasi
nedeniyle biitiinciil tek durum tasarimi ile ele alinmistir. Cok amagli mobilya grubu tasarimi
stirecinde, kullanicilarinin kongre katilimeilart olan mobilya tasarimecilar1 ve mobilya sektor
temsilcileri olmasi ve veri toplama siirecinde, iiriin kullanim degerlendirme siirecinde,
kullanict odakli bir yaklasimla, kullanicilarla birlikte yiiriitiilmesi c¢aligmada Onemli
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goriilmektedir. Ayrica kullanici-mobilya-mekan iliskisi kapsaminda arastrmanin sonug {iriin
grubunun ayni kullanicilar ile degerlendirilmesine temellenen bir ¢alisma olmasi da dnemli
gorulmektedir.

2.2 Metot

Projenin uygulama alani olarak Anadolu Universitesi Ogrenci Merkezi Fuaye alani
belirlenmistir. Bu alanda farkli kongre siireclerinde, farkli etkinliklerin oldugu donemlerde ve
etkinlik olmadigi ama Ogrenci merkezinin diger bdliimlerinin kullanimindan dolay1
gerceklesen sirkiilasyon alanlarmi belirlemek amaciyla video kayitlar yapilmistir. Video
analizleri i¢in bir agik kaynak yazilimi olarak Processing 1 (v.3.3.7) programi kullanilmistir.
Processing (v.3.3.7) yardimi ile meka@ndan veri almak i¢in yazilim tretilmistir. Processing
yazilimmin (2021) temel mantiginda video iizerinde gerceklesen pixel hareketlilikleri baz
almarak hareketlilikler gorselde iz birakmaktadir, video ilerledikce iist iiste binen bu izler
hareket yogunlugunu gostermektedir. Kirmizi noktalar ise belirli bir mesafeyi asan hareketler
sonucu hareketin merkez noktasinda belirmektedir. Videolar tizerinden alinan veriler planlara
eksen cizimleri ile aktarilmistir. Bu goézlemler davranis haritalamasi teknigi cercevesinde
belirtildigi gibi belirlenen alan i¢inde kullanicilarin meké&ni kullanim rotalar1 ve bu baglamda
kullanim kaliplarini belirlemek amaciyla yapilmistir (Onojeghou ve ark., 2019: 19). Elde
edilen gozlem ve goriisme verilerine ek olarak, mekanlarda etkinlik oldugu zamanlarda ve
etkinlik olmadig1 zamanlarda yapilan video kayitlar1 ile desteklenmistir. Calismanin gegerlilik
ve glvenilirligini arttirmak amaciyla fuaye alanlari igin tasarlama siirecinde fuaye alanlarmin
kullanim amaglari, kullanicilarin fuaye alanlarma iliskin beklentileri ve kullanicilarin fuaye
alanina iligkin olusturduklar1 kavramlar1 belirlemek amaciyla veri ¢esitleme teknigiyle veriler
toplanmistir. Cesitleme teknigi farkli kaynaklari, farkli veri toplama ve analiz yontemleri
kullanilarak arastirma sonuglarinin inandiriciligini attrmaya yoneliktir (Yildirim ve Simsek,
2016: 91). Bu kapsamda, yerinde gozlem, video analiz ve kullanicilarla online goériisme
formlar1 tizerinden veri toplama siirecleri yiiriitiilmiistiir. Kullanicilardan {i¢ asamada veri
toplanmustir. Stireg grafigi Sekil 3°de verilmistir.

ANKET 1
(26 Mart 2018- 9 Nisan 2018)

- ﬁi
LITERATUR TARAMASI

(5 Subar 2018 - 18 Mart
2018)

TOPLANAN VERILERIN ANKET 2

ANALIZI (16 Nisan 2018- 22 Nisan 2018)

VIDEO - GORSEL ANALiZi
VE 5D

(9 Nisan 2018- 15 Nisan 2018)

ANKET 3
(12 Kasim 2018- 19 Kasim

ESKIZ CALISMASI
Mayis 2018- 20 May

a 18) SON DRUN
1

2018- 3 Haz n 2018)

2018)

Sekil 3. Siire¢ grafigi
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3 Bulgular ve tartisma

Calisma kapsaminda kongre ve sempozyum gibi bilimsel etkinliklere katilmis 202 kisiye
uygulanan ilk anket olan Anket-1 ¢alismasindan elde edilen bulgular arastirmanin alt amaglar1
dogrultusunda sirasiyla paylasilmistir.

3.1 Anket 1- katthmcilarin fuaye alam kullanim amaclan ve fuaye alanina iliskin
beklentileri

Katilimcilarin birincil amaglar1 sunum yapmak ve alanlartyla ilgili bilgilerini glincellemek
olarak belirlenmistir. Tkincil amaglar1 olarak ise sosyallesmek ve yeni yerler géormek oldugu
bulgulanmustir.

Katilimcilarin  kongre siirecinde tasidiklar1 esyalar yogun olarak dokiimanlari, dis
kiyafetleri, ¢anta ve laptop gibi elektronik cihazlar1 kapsadigi bulgulanmistir. Katilimcilar
yanlarinda tasidiklar1 elektronik cihazlari oturum aralarinda kullanilabilecek alan bulma
konusunda da sikint1 yasadiklar1 durumlar oldugunu belirtmistir. Katilimcilarm oturum
aralarinda vakit gegirme tercih yonelik olarak Sekil 4’te goriildiigii gibi yoneltilen soruya
cevaplar cesitlilik géstermektedir.

Oturarak cevreyi gozlemleme (%15,8) —. Ayakta durarak gevreyi gozlemleme (%29,2)

Oturarak sohbet etme (%14,2) N Ayakta durarak sohbet etme (% 58,3)
> Kullanici tercihleri

Oturarak atistirma (%10) Ayakta atigtirma (%24,2)

Sekil 4. Oturum arasi vakit gecirme tercihleri

Katilimcilarin %64,2°si fuaye alanlarinin sirkiilasyon alanlarinin diizgiin tasarlanmamasi,
mobilya ve donat1 elemanlarinin eksiklikleri, mevcut mobilya ve donatilarin kullanic1 beklenti
ve ihtiyaglarmi1 karsilayamamasi, yOnlendirmelerin yeterli olmamasi gibi nedenlerle
beklentilerinin karsilamadigini belirtmistir. %35,8 ise beklentilerini karsiladigini belirtmistir.
Katilimcilarin tespit ettigi problemler Sekil 5’te verilmistir.

Problemler

donati eksikligi (%63,3) yerlesim problemleri (%45) sirkilasyon problemleridir (%37,7)

Sekil 5. Kullanicilarm tespit ettigi problemler

Donati eksikligi, yerlesim problemi ve dolagim zorlugundan dolay1 sohbet-yeme-icme ve
g06zlem hareketlerini bir arada gergeklestirirken sorun yasanmaktadir. Dolayisiyla kongrelerin
ylritildiigh  mekénlarm, katilimcilarin  ihtiyaglarin1  yeterli diizeyde karsilamadigi
bulgulanmistir. Kongre katilimeilarmin oturum aralarindaki ihtiyaglari sirasiyla

Cay kahve icmek / atistirmak (59 kisi)

Agik havaya ¢ikmak (46 kisi),

Diger katilimcilarla etkilesime ge¢gmek (38 kisi),

Fuaye alanina gitmek (30 kisi),

Telefon/mail goriismelerini yapmak (18 kisi),

Diger oturum alanina gegmek (11 kisi) olarak belirlenmistir.
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Katilimcilarin  oncelikli amaglarinin ve zamanlarini degerlendirme sekillerinin, genel
hatlar1 ile “sosyallesmek-iletisim-etkilesim-paylasim” kavramlar1 6n plana ¢ikmistir. Ek
olarak, katilimcilarin hem agik hava alani hem de fuaye alanmi aktif bir sekilde kullanmak
istedikleri gortlmektedir. Bu dogrultuda da katilimcilarin agik hava alam1 ve fuaye alani
arasinda devamli ve etkilesimli bir sirkulatif alan ihtiyaci bulgulanmustir.

3.1.1 Kullanici-mekan davrams haritalamasi ve gorsel analiz

Anadolu Universitesi Ogrenci Merkezi fuaye alaninda etkinlik zamanlar1 ve etkinlik
olmadig1 zamanlarda yapilan video kayitlar1 kapsaminda elde edilen veriler ile alandaki
hareket yogunlugu ve kullanicilarin zaman gegirdikleri noktalar belirlenerek mekandaki
hareketlilik haritalar1 ¢ikartilmistir. Sekil 6°da yer alan gorsellerde yer alan koyu bdlgeler
kullanicilarin hareketli olduklar1 noktalardir.
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Sekil 6. Video analiz ile kullanicilarin dolasim yollarinin analizi

Video analizleri ile edilen veriler ile kullanicilarm mekan igerisinde kullanim alanlari,
bekleme noktalar ve sirkiilasyon alanlar1 tespit edilmistir. Bu analizlerle giris mekani, fuaye
alan1 ve toplant1 salonlar1 arasindaki sirkiilasyon alanlar1 kullanicilarin hareketleriyle birlikte
belirlenmistir.

Gorsellerde etkinlik olmadigr zamanlarda hareketliligin ¢ok az oldugu saptanmistir. Var
olan kisith hareketliligin farkli alanlara ve yonlerde oldugu goriilmektedir. Etkinlik aninda
planin tam ortasindan gegecek sekilde hareketlilik izleri goriiliirken yogunluk giris/cikis
boliimiinde oldugu goriilmektedir.

Etkinlik slrecinde cekilen videodan elde edilen gorsel olarak Sekil 7°de gorildigi gibi
kirmiz1 olarak belirtilen alanlar mekanin kullanim yogunlugunu géstermektedir.

Vg

§
]

4

Sekil 7. Video analiz ile kullanicilarin bekleme alan1 analizi

Isaretlenen alan mekan igerisinde en yogun kullanima sahip olan noktalar1 gdstermistir. Bu
coziimlemeler kullanicilarin mekan igerisindeki dolasim alanlarmnin ve bekleme alanlarmnin
belirlenmesine olanak saglayarak, fuaye alani igerisinde tasarlanacak ¢ok amag¢li mobilya
gruplarmim yer alacagt mekan pargalarinin belirlenmesinde kullanilmistir.
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Kullanicilar ilk defa geldikleri ve kullandiklar1 kongre/sempozyum fuaye alanlarmin yol
gosterici olmasmi beklemektedir. Bu kapsamda arastirmada kongre fuaye alani icin
tasarlanacak mobilyalarin ¢ok amagh ve birden fazla islevi es zamanl gerceklestirmesi
gerektigi belirlenmistir. Fuaye alanlarinin dolagim ve farkli islevlerle kullanilmasi fuaye
alaninda konumlandirilacak olan mobilyalarin yerlerini de etkiledigi goriilmiistiir. Video
analiz yontemiyle fuaye alaninin bdliimlerinin kullanim yogunlugu belirlenerek mobilyalarin
yerlesim planlar1 i¢in yapilan incelemeler sonucunda, kullanicilarin gitmek istedikleri noktaya
en kisa yoldan gitmeye egilimli olduklar1 goriilmiistiir. Bu durum, meké&nin dolagim haritasini
olusturmaya yardimci olarak mobilyalarmm konumlar1 tizerinde etkili olmustur. Ek olarak,
video analizler sonucunda dolasim ve duraklama alanlar1 belirlenerek, mekan igerisinde yer
alan mobilyalarin konumuna goére kullanim yogunluklar1 ve kullanim islevleri belirlenmistir.
Dolasim alaninda bulunan mobilyalarin kullanilmama egiliminde oldugu gorulirken, merkezi
konumda yer alan mobilyalarin yogun olarak kullanildig1 tespit edilmistir.

3.2  Anket 2- katihmcilarin fuaye alam iliskin mekan beklenti analizi

Cok amacli mobilya tasarimi siireci igerisinde katilimcilardan kongrelerde oturum
aralarida gergeklestirilen etkinlikler kapsaminda serbest ¢agrisim yontemi ile akillarina gelen
ilk bes kavram istenmistir. Onur ve Zorlu’ya gore (2017) ¢agrisim teknigi, bilingaltinda olani,
gizli olani, bastirilmis olan1 ortaya ¢ikarabilecek bir yaratici diisiinme teknigidir. Bu teknikte
yatkimlik, benzerlik ve karsitlik olmak tizere {ic temel kural esliginde bilingaltina itilmis olan
duygu ve diisiinceler biling alanina c¢ikar. Bu kapsamda katilimcilardan bes kavram
istenmistir. Kullanicilarin bu alana ait olusturduklar: kavramlar ele alimmustir. Kullanicilarin
olusturduklar1 kavramlar incelendiginde:

[letisim,

Paylagim,

Karmasa,

Etkilesim

e Beslenme ihtiyacglar1 seklinde gruplandigi goriilmektedir.

Belirlenen ana temalarla birlikte alt temalar olusturulmustur. Yapilan N-vivo
¢oziimlemesine iliskin gorsel sunum Sekil 8’de gosterilmistir.
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Sekil 8. N-vivo kavram ¢ozumlemesi
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Yapilan analizlerden elde edilen kavramlar ¢ok amacli mobilya grubunun
konumlandirilmasi, islevlerinin belirlenmesi ve 6lgllerinin belirlenmesi igin yol gdsterici
olmustur. Belirlenen kavramlar, katilimcilarin beklentileri, gereksinimleri ve deneyimleri
sonucunda ortaya ¢ikmaktadir. Anketlerden elde edilen veriler ve elde edilen temalar ile
tasarim siireci ylriitiilmiis ve iiriin son halini almigtir.

3.2.1 Uriin gelistirme siireci

Kullanicilar ilk defa geldikleri ve kullandiklar1 kongre/sempozyum fuaye alanlarmin yol
gosterici olmasimi beklemektedir. Bu kapsamda, kongre fuaye alani igin tasarlanacak
mobilyalarin ¢ok amagh ve birden fazla islevi es zamanl gergeklestirmesi gerektigi
belirlenmistir. Elde edilen verilere ek olarak mekanin biiyikligii ve tavan yiiksekligi gibi
temel verilerle birlikte, grup mobilyalarin fuaye alani igerisinde birden fazla noktada ve farkli
islevleri biinyesinde barindiran birer istasyon olarak tasarlanmistir. Bu dogrultuda, dikey
diizlemde 220 cm yiiksekliginde bu istasyonlarin goriiniirliiglinii saglayacak, kablolar1
saklayacak, ayni zamanda elektronik aletlerin sarj edilmesi i¢in ¢oklu prizleri gévdesinde
tastyacak, oturma ve calisma elemanlarmin monte edilecegi bir ana gdvdenin tasarlanmasi
amaglanmistir. Prizler istasyonun hem masa modiillerinin kullanimi1 sirasinda hem de oturma
birimlerinin kullanimi sirasinda kullanilabilecek sekilde konumlandirilmistir. Sekil 9°da eskiz
calismalarindan goriildiigli gibi istasyon tiinitesine bagli olarak iki masa modiilii ve bes
modiiler oturma birimi tasarlanmistir.
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Sekil 9. Uriin eskizleri

Uriin  tasarmu  siirecinde  kullanicilarin  ihtiyaglar1  ve beklentileri géz ©6niinde
bulundurularak masa yikseklikleri 110 c¢cm olarak belirlenmistir. Kullanicilarin oturum
aralarinda bilgisayarin1 kullanabilmeleri, atistirabilmeleri ve oturmadan ya da egilmeye
ihtiya¢c duymadan basili dokiimanlar iizerinden calisabilecekleri alan olarak tasarlanmistir.
Masa kullanimi sirasinda istasyon iizerinde bulunan elektrik kaynaklarindan da erisimleri goz
oniinde bulundurulmustur. Masa islevinin disinda oturma, dinlenme ve sosyallesme
islevlerine uygun olarak modiiler oturma birimleri de istasyon iinitesiyle iligkili olarak
¢cOzllmiistiir.

Modiiler oturma birimleri oturum aralarinda dinlenme, gézlem yapma, bireysel veya toplu
caligma, sosyallesme, sarj initesine yakin olma gibi beklentileri karsilamak amaciyla
tasarlanmigtir. Oturma birimleri her istasyonda bes modiil olarak tasarlanmistir ve istenilen
durumlarda tagmarak farkl yerlerde, diizenlenmelerde kullanimina olanak saglamaktadir.
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3.2.2 Sonug urun

Mevcut mekanin yapiya ait 6zellikleri, yatay cepheler, yatay ve diisey doseme malzemeleri
ve renkleri, mekan aydinlatma degerleri gibi i¢ mekan tasarim kriterleri analiz edilerek ve
arastirmalar kapsaminda elde edilen veriler kapsaminda tasarlanan mobilyalar, iiniversitenin

Sekil 10. Mobilya kullanimi ve mekan iligkisi

Oncelikle yerlesim kararlarinda, ana mekam ici sirkiilasyonunun engellenmemesi, fuaye
alam1  sirkiilasyonunun  saglanmasi, katilimcilarin  birbirleriyle iletisimlerinde bu
sirkiilasyonlardan etkilenmemesi gibi bir¢ok farkli tasarim karar1 g6z oniine alinmistir. Ayrica
mekan planlamasi siirecinde fuaye alani yer dosemelerinin olusturdugu geometride referans
olarak alinmustir. Istasyonlar kullanicilarm gegis alanlarina engel olusturmadan, kullanicilarin
cevrelerini gézlemlemelerine ve gidecekleri yerleri belirlemelerine olanak saglamasi dncelikli
kriter olarak belirlenmistir. Cok amagli mobilya grubu Sekil 10°da goriildigii gibi kongre
siireci icerisinde mobilya ¢esitli igslevlerle ve farkli kullanic1 gruplar1 tarafindan kullanilmastir.

3.3 Anket 3- kullanim sonrasi anketi

Calismanin son asamasinda, kongre katilimcilarmin fuaye alaninda bulunan mobilya
grubuna iliskin goriisleri incelenmistir. Anket ¢alismasina katilan 64 kisinin timi kongreye
katilim saglamistir. Katilimcilar kongre fuaye alanina yerlestirilen ve kongre icin tasarlanan
mobilya grubunu kullanarak tecriibe ettiklerini belirtmislerdir. Bu dogrultuda, katilimcilarin
tasarlanan mobilya grubuna iliskin degerlendirmeleri anket verileri tizerinden incelenmistir.

Anket katilimcilar1 ¢ok amacgli mobilya grubunda bulunan modiiller iizerinden kullanim
onceligini sirastyla

e (Cihaz sarj iinitesi,
e Masa modiil,
e Oturma boliimii oldugunu belirtmistir.

Bu kapsamda katilimcilar mobilya grubu Uzerinde yer alan sarj initesinin katilimcilar
tarafindan Oncelikle kullanimmin tercih edildigi goriilmektedir. Katilimeilar ikinci olarak
masa modulllerini ve son olarak da oturma modiillerini kullanmay1 tercih etmislerdir.

Anket katilimcilarin %75°1 fuaye alaninda bulunan mobilya gruplarmin oturum aralarinda
gereksinimlerinin  timind  karsiladigini  belirtmislerdir.  Katilimcilarin =~ %25°1  ise
gereksinimlerinin  sadece bir boliimiiniin  karsilandigint  belirtmistir. Bu dogrultuda,
katilimcilarin karsilandiklarini belirttikleri gereksinimleri agagida paylagilmistir;

e Katilimcilarin gereksinimlerini karsilayan oncelikli modil masa grubunun yer
aldig1 boliim olmustur.
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e Mobilya grubunda bulunan cihaz sarj modiilii de ikinci sirada yer almigtir.

e Katilimcilarin oturum aralarinda sosyallesme beklentisinin mobilya grubunun
bulundugu alanda karsilandig1 goriilmiistiir.

e Mobilya grubu olasi yon karmasasini Onleyebilecek bir ¢ekim alani olarak
gorilmistiir. Bu durum, kongre merkezi girisinden itibaren katilimcilari
yonlendirmek ve mek&n okumasmi kolaylastirmak gereksinimlerine karsilik
gelmektedir.

e Katilimcilar oturum aralarinda dinlenme gereksinimlerinin de karsilandigi
belirtmiglerdir.

Sonug olarak, katilimcilarin kongre fuaye alaninda bulunan ¢ok amagli mobilya grubuyla
ilgili beklentilerinin karsilanma durumlar1 bulgulanmistir. Kongre katilimcilarmma mobilya
modiillerine ilisgkin olumlu deneyimlerine iliskin elde edilen veriler incelendigi zaman,
mobilyanin modiiler olmasi, mobilyanin konumunun ¢ok islevli§e izin vermesi ve sarj
istasyonunun olmasi 6n plana ¢ikmaktadir.

e Katilimcilar mobilya grubunun modiiler olmasi1 olarak belirtmistir. Oturma
grubunun modiillerden olusmasi katilimcilarin kendi istedikleri oturum diizenini
elde etmelerine olanak saglamistir.

e (ihaz sarj modiili ile ilgili olarak olumlu deneyimler soruldugunda, masa ve
oturma grubu ile sosyal alana yakm olmasmi olumlu bir deneyim olarak
belirtilmektedir. Oturum aralarinda hem sosyallesip hem de gereksinimlerini
karsilamalar1 olumlu deneyim olarak gorulmektedir.

e Katilimcilar ¢oklu priz kullaniminin olumlu bir deneyim oldugunu belirtmistir.

e Modiillerin yiikseklikleri ve uzunluklarinin bilgisayar kullanimina, not almaya,
evrak diizenlemeye, toplu olarak masa modiilii ¢evresinde caligmak, oturmak ve
sosyallesmek i¢in ideal oldugunu ifade edilmistir.

Katilimcilara mobilya modiiliine iliskin olumsuz deneyimlerine iligkin malzeme ve renk
tercihine yonelik veriler bulgulanmustir.

e Katilimcilarin cihaz sarj iinitesinde prizlerin renginden dolay1 zor fark edildigini
belirtmistir.

e Oturma grubuna ait olumsuz deneyim olarak malzemenin oturma alanina gore
sert oldugu belirtilmistir.

Sonug olarak, katilimcilarm kongre fuaye alaninda bulunan ¢ok amacli mobilya grubuna
iliskin beklentilerinin ve gereksinimlerinin genel olarak karsilandigi goriilmektedir. Ancak,
kullanimlarina iliskin olarak olumlu ve olumsuz deneyimlere sahip olduklari tespit edilmistir.

4 Sonuclar ve Oneriler
Analiz edilen bulgular ¢er¢evesinde elde edilen sonuglar asagida verilmistir.

e Bu caligmada elde edilen veriler kapsaminda, kongre katilimcilar: i¢in fuaye
alanlar1 oncelikli tercih ettikleri bir i¢ mekan bolumidir. Calismada kongre
stirecinde kullanicilarin, birbirinden ¢ok farkli fiziksel ve sosyal gereksinimleri
kapsaminda, farkli mekansal gereksinim ve beklentilerinin oldugu tespit
edilmigtir. Katilimcilarin kongre siireci boyunca kayit iglemlerinden beslenme
gereksinimine, katilimcilar arasinda iletisim gereksiniminden teknoloji odakli
taginabilir cihazlarinin kullanilabilme gereksinimine kadar degisen birgok farkli
beklentisi oldugu sonucuna ulasilmistir.
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Katildiklar1 kongrelerde mevcut mobilya ve donati elemanlarinin yetersiz olmasi
nedeniyle, katilimcilar  kullanilan  mobilyalarin  bu  gereksinimlerini
kargilayamadigini belirtmislerdir. Bu sorunlarin, zaten kisa bir zaman araligina
sahip olan kongre programi igerisinde, éncelikle temel bir gereksinim olarak
yeme ve igmeye ulagsmada da sorun yarattigini vurgulamiglardir. Uzun kongre
oturumlarindan sonra kisa zaman aralarinda kullanilan fuaye i¢ meka&nlarmnin
katilimcilara bu olanag1 saglayacak mobilya ve donat1 elemanlarina sahip olmasi
siirecin verimliligi ag¢isindan Onem tagimaktadir. Bu sayede sirkilasyon
alanlarinin dogru belirlenmesi, bu hizmeti sunan mobilya gruplarina ulasimi da
kolaylastiracaktir.

Mobilyalarin katilimcilar arasindaki iletisim ve etkilesim eksikligine neden
olmasi, katilimcilar i¢cin bir diger oOncelikli problem olarak belirlenmistir.
Katilimcilar fuaye alanlarinin i¢ mekan tasariminin ve mobilyalarin diger
katilimeilarla olan iletisimlerini engelledigi ve ortami gozlemlemeleri igin
olanak saglamadigmi vurgulamaktadirlar. Ozellikle kongre katilimcilarmm
bircok farkli iilke ve kentten geldigi, bilim alanlar1 ile ilgili bilgi paylasimina
gereksinim duyacagi konusu goz oOniine alindiginda, iletisim baslig1 6ncelikli
gereksinimler igerisinde yer almaktadir. Bu nedenle fuaye i¢c mekaninda yer alan
mobilya ve donatilarin katilimcilar arasindaki iletisim ve etkilesimi, oldukca
kisa bir zaman araliginda, destekleyici ve gelistirici olmas1 istenmektedir.

Masa ylizeylerinin sosyallesmeye ve ¢alismaya uygun yiiksekliklerde olmasina
ve oturum alanlarinin bireysel ve grup kullanimlarinda ihtiyaca gore
bicimlendirilmesine uygun olarak tasarlanmasi Onemli goriilmiistiir. Bu
baglamda tasarlanan mobilya, kullanicilarin sosyallesme islevine karsilik
verirken farkli ihtiyaclarimi karsilamalarina olanak saglamaktadir. Katilimcilar
arasinda iletigimi arttirmaya yonelik mobilya tasarimlar1 kongrenin hedeflerine
ulagmasina 6nemli katkilar saglayacaktir.

Oturum aralarinda kullanilan fuaye alani kisa siire igerisinde farkli islevleri
karsilayabilecek bicimde tasarlanmasmin 6nemi ortaya ¢ikmistir. Bu islevlerden
biri ise fuaye alanlarinda tasmabilir elektronik cihazlarin sarj edilebilmesi gibi
teknik imkanlarin saglanmasidir. Kullanicilarin sosyallesme, bilgi alig-verisi ve
gelecek oturumlara hazirlanma gibi ihtiyaclarmi fuaye alanindan uzaklagsmadan
hizlica ¢6zmek istemeleri istasyonlara elektrik altyapist eklenerek prizler
olugturulmas: kararina katki saglamistir. Katilimcilar i¢in  tasarlanacak
mobilyalarin ve donatilarin, bu elektronik iriinleri ayakta ya da otururken
kullanabilecegi ylizeylere sahip olmasi da Oncelikli 6nem tagimaktadir. Bu
nedenle fuaye alanlar1 icin tasarlanacak mobilyalarm farkli ylizey ve ortam
tasarimlarina sahip olmalar1 kongrenin verimliligi ve hedeflerine ulagmasi i¢in
onemlidir.

eTiim bu veriler 1s5183inda V. Uluslararas1 Mobilya Kongresi kapsaminda
tasarlanan mobilya gruplari, mevcut mekén analizleri ile birlikte, kullanim
sonras1 anket verileri incelendigi zaman kullanicilarin beklentilerini karsiladig:
belirlenmistir. Islevsel agidan incelendiginde, kullanicilarm beklentilerinin
tasarlanan mobilya ve donati elemanlar1 ile karsilandigi goriilmiistir. Bu
baglamda, kullanici odakli olarak yiiriitiilen tasarim siirecinde kullanicilarin
beklentilerinin ve ihtiyaclarmin belirlenmesi kullanim siirecindeki verimliligi
arttrmustir.
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The effects of carbonate and vinegar mixture on selected surface properties
of iatandza (Albizia ferruginea) wood

Umit Ayata”

ABSTRACT: The color of wooden materials can be altered through various applications
(thermal treatment, bleaching, impregnation, aging, etc.). This study aimed to investigate
alterations in color, whiteness index (WI*), and glossiness properties resulting from the
application of two distinct solutions (two different types of vinegar and a mixture of
carbonate) on the surfaces of iatandza (Albizia ferruginea) wood. A reference group was
established, and the surfaces subjected to treatments were compared among themselves.
According to the results of the analysis of variance conducted, the solution type prepared over
all tests was determined to be statistically significant. The L*, C*, b*, and a* values in the
color parameters decreased while the h° value exhibited an increase after the application of
solutions. The AE* values were measured at 13.63 for the carbonate + vinegar (A) solution
and 13.13 for the carbonate + vinegar (B) solution. Furthermore, the calculated differences
Ab*, AL*, Aa*, and AC* using color formulas were observed to be negative for both
solutions. Glossiness values exhibited reductions in both directions at 60 and 85 degrees,
alongside decreases in WI* values in both orientations. It was noted that the application of
solutions resulted in alterations to the surface characteristics of the wooden material.

Keywords: latandza, Color, Carbonate, Glossiness, Vinegar

latandza (Albizia ferruginea) odununda secilmis baz yiizey ozellikleri
Uzerine karbonat ve sirke karistmimin etkileri

OZ: Ahsap malzemenin rengi cesitli uygulamalar ile degismektedir (i1s1l islem, agartma,
emprenye islemi, yaslandirma, vb.). Bu c¢alismada, iatandza (Albizia ferruginea) odunu
yiizeylerinde hazirlanmis olan iki farkl ¢ozeltilerin (iki farkli sirke tiirii ve karbonat karigimi)
meydana getirdigi renk, beyazlik indeksi (WI*) ve parlaklik 6zelliklerindeki degisimler
arastirilmistir. Bir kontrol gurubu olusturularak c¢ozeltiler ile muamele edilmis yiizeyler
birbirleriyle kiyaslanmistir. Yapilan varyans analizi sonuglarina gore bitun testleri Gizerinde
hazirlanan ¢ozelti tlirli anlaml olarak tespit edilmistir. Uygulanan ¢ozeltiler sonrasinda renk
parametrelerinden olan L*, C*, b* ve a* degerleri azalig gosterirken, h° degeri artmustir. AE*
degerleri karbonat + sirke (A) ¢Ozeltisi ile 13.63 ve karbonat + sirke (B) c¢ozeltisi ile 13.13
olarak elde edilmistir. Buna ek olarak, renk formiillerinin kullanilmas1 ile hesaplanmis olan
Ab*, AL*, Aa* ve AC* degerleri her iki ¢ozelti ile negatif olarak bulunmustur. Parlaklik
degerlerinde ise her iki yonde yapilan 60 ve 85 derecelerde ve her iki yondeki WI*
degerlerinde azalmalar tespit edilmistir. Uygulanan ¢Ozeltiler ile ahsap malzemeye ait yizey
ozeliklerinin degistigi goriilmiistiir.

Anahtar kelimeler: latandza, Renk, Karbonat, Parlaklik, Sirke
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1 Introduction

Wood, being a natural, fibrous, and organic material, has been utilized across a diverse
array of applications throughout history. Its attractive cost and ease of manipulation have
ensured its continued prominence as a renewable resource in the furniture and cabinetry
sectors. Each tree species possesses distinct characteristics and properties, highlighting the
importance of considering specific attributes like mechanical and physical properties for
optimal use in engineering applications (Miller, 2007).

Wood products are extensively utilized in both interior and exterior applications owing to
their aesthetic appeal, low density, low thermal expansion, and robust mechanical strength.
Nevertheless, wood is vulnerable to decay caused by a variety of organisms, notably fungi,
leading to considerable economic and resource losses (Hsu et al., 2007).

Various types of vinegar encompass spirit vinegar, grain vinegar, fruit vinegar, wine
vinegar, apple cider vinegar, and malt vinegar. Additionally, blends derived from the
alcoholic fermentation of natural sugars are utilized as primary ingredients. The nomenclature
of vinegar is based on the specific source material utilized (Sellmer-Wilsberg, 2009).

Vinegar is characterized as a condiment produced through the alcoholic fermentation
followed by acetic fermentation of diverse sugary and starchy substances (Cruess, 1958).

Vinegar comes in various forms with classification usually revolving around the primary
ingredient utilized during production. This encompasses a range of types such as malt
vinegar, wine vinegar, balsamic vinegar, apple cider vinegar, fruit vinegar, and a plethora of
others found in today’s international market (Hailu et al., 2012).

latandza (Albizia ferruginea) is a perennial tree species that reaches approximately 45
meters in height and 3 meters in width. Its leaves are occasionally bifoliate with lobes
sometimes exceeding seven pairs (Agyare et al., 2006). This species, under the threat of
deforestation, is widespread in West and Central Africa (Kareru et al., 2007).

Locally in Ghana, it is known as Awiemfo semina. It bears thick, dark reddish-brown bark,
which can be peeled off in small rough scales, exuding red sap. The branches are flattened
(Irvine, 1961).

Boiling the bark of “Ongokea gore” and “Piptadeniastrum africanum,” referred to as
“Evouvous,” is used as a traditional remedy to treat infertility among the Ewondo tribe in the
central region of Cameroon (Noumi et al., 2011).

People often consume powdered root bark along with salts as a remedy for constipation in
Nigeria. The trunk bark source has been medically utilized to treat dysentery and wounds
along the Ivory Coast shores. Additionally, the root bark is used to treat sickle cell anemia and
lumbar pain (Abbiw, 1990).

In the wood of latandza (Albizia ferruginea), cellulose content ranges from 44.10% to
46.50%, hemicellulose from 28.30% to 31.60%, lignin from 25.20% to 28.40%, and
extractive material quantity from 8.30% to 9.00% (Quartey, 2009). Its modulus of elasticity is
13847 N/mm?, and bending strength is 49.90 N/mm? (Appiah-Kubi et al., 2012).

In the literature, it is observed that a solution of vinegar and carbonate mixture is not used
to change the color of wood material.

This research was conducted on the use of mixtures formed by adding vinegar (grape and
hawthorn) and carbonate to induce color changes on iatandza wood surfaces (color, whiteness
index (WI%*), and glossiness). The obtained results were discussed with tables.
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2 Materials and Methods
2.1 Wood Material

latandza (Albizia ferruginea) wood was prepared in dimensions of 100 x 100 x 15 mm (by
preparing 5 samples per group). Subsequently, these samples underwent conditioning at
20+2°C and 65% relative humidity (1SO 554, 1976).

2.2 Chemicals

Two different types of vinegar were used in this study: A: grape (with added sodium
metabisulfite) and B: hawthorn (with carbohydrate %1.00, saturated sugar %0.17, salt %0.07,
fat %0.05, saturated fat %0.02, and protein %0.30). Additionally, carbonate chemicals were
utilized.

2.3 Method
2.3.1 Application of Prepared Carbonate and Vinegar Mixtures to Wood Surfaces

Solutions prepared in two different types [50 ml vinegar (A) + 5 g carbonate and 50 ml
vinegar (B) + 5 g carbonate] were applied as a single layer onto the wood surfaces using a
brush.

2.3.2 Determination of Color Properties

Color changes were measured using the CS-10 (CHN Spec, China) [CIE 10° standard
observer; CIE D65 light source, illumination system: 8/d (8°/diffuse illumination)] device
(ASTM D 2244-3, 2007) (Ayata, 2023; Peker and Ayata, 2023).

AC* is defined as the chroma difference or saturation difference while AH* is defined as
the hue difference or shade difference in the literature. Additionally, some important
information about other parameters is presented in Table 1 (Lange, 1999).

Table 1. The definitions of Aa*, AC*, Ab*, and AL* (Lange, 1999)

Test Positive Description Negative Description

Ab* More yellow than the reference More blue than the reference
AL* Lighter than the reference Darker than the reference

Aa* More red than the reference More green than the reference
AC* Clearer, brighter than the reference More dull, matte than the reference

The comparison criteria for visual assessment of color difference (AE*) are provided in
Table 2 (DIN 5033, 1979).

Table 2. Comparison criteria for AE* evaluation (DIN 5033 1979)

Visual Total Color Difference
Undetectable <0.2
Very Weak 0.2-05
Weak 05-15
Distinct 15-3.0
Very Distinct 3.0-6.0
Strong 6.0-12.0
Very Strong >12.0
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The results for total color differences were determined using the following formulas.

C* = [(a*)? + (b*]°® (1)
h® = arctan (b* / a*) (2)
AC* = (C*treated with solution = C*not treated with solution) (3)
A@* = (@*treated with solution - @*not treated with solution) 4)
AL* = (L*treated with solution = L not treated with solution) (5)
Ab* = (b*treated with solution = D*not treated with solution) (6)
AH* = [(AE®)2 - (AL*)? - (ACH]°® (7)
AE* = [(AL%)? + (Aa*)? + (Ab*)]°S (8)

2.3.3 Determination of Whiteness Index (WI1*) Properties

In this study, the Whiteness Meter BDY-1 device was used to determine the whiteness
index (WI*) values in both parallel and perpendicular directions to the fibers (ASTM E313-
15e1, 2015).

2.3.4 Determination of Glossiness Properties

Glossiness tests were conducted using the ETB-0833 model gloss meter device according
to the 1SO 2813 (1994) standard at three different angles (20°, 60°, and 85°) in both
perpendicular and parallel directions to the fibers.

2.4  Statistical Analysis

Standard deviations, maximum and minimum values, mean values, homogeneity groups,
variance analyses, and percentage (%) change rates were calculated using a statistical
program.

3 Results and Discussion

The results of the analysis of variance are presented in Table 3. According to these results,
it is observed that the factor of solution type applied for all tests was obtained significantly
(Table 3).

Table 3. The results of the analysis of variance

Source Test Sum of Squares df Mean Square F value
L* 1068.249 2 534.125 880.222 0.000*

a* 62.431 2 31.216 192.874 0.000*

b* 66.703 2 33.352 235.080 0.000*

C* 115.744 2 57.872 375.348 0.000*

he 135.690 2 67.845 79.942 0.000*
120°glossiness 0.252 2 0.126 33.516 0.000*
160° glossiness 3.979 2 1.989 191.829 0.000*
185°glossiness 0.384 2 0.192 36.000 0.000*
[| 20° glossiness 0.051 2 0.025 14.250 0.000*
|| 60° glossiness 1.976 2 0.988 48.326 0.000*
|| 85° glossiness 2.579 2 1.289 28.818 0.000*
WI* (L) 356.216 2 178.108 2329.901 0.000*
wi* () 20.305 2 10.152 468.569 0.000*

*: Significant
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The measurement results for color parameters are provided in Table 4. In terms of the L*
parameter, the control samples exhibited the highest value at 54.91, whereas the lowest value
was recorded in the experimental samples treated with the carbonate + vinegar (A) mixture
solution at 41.88. The most significant reduction in L* value was observed in the carbonate +
vinegar (A) solution with a decrease rate of 23.73% while the lowest reduction rate was noted
in the carbonate + vinegar (B) solution at 22.31% (Table 4).

For the a* value, the highest result is observed in the control samples (9.70) while the
lowest result is determined in the application of the solution consisting of carbonate + vinegar
(B) mixture (6.50). The highest decrease rate in the a* parameter is found in the carbonate +
vinegar (B) solution with 32.99% while the lowest decrease rate is obtained with the prepared
carbonate + vinegar (A) solution with 29.90% (Table 4).

Table 4. Results for color parameters

Change Mini- Maxi-

Test Solution Type N Mean HG SD cov
(%) mum__ mum

Control (not treated with solution) 10 54.91 - A* 1.15 53.18 56.32 2.10

L* Carbonate + Vinegar (A) 10 4188 |23.73 C** 057 4113 4293 137
Carbonate + Vinegar (B) 10 4266 |2231 B 0.40 4222 43.42 0.94
Control (not treated with solution) 10  9.70 - A* 032 936 1039 3.27

a* Carbonate + Vinegar (A) 10 6.80 12990 B 054 6.26 8.03 7.90
Carbonate + Vinegar (B) 10 6.50 13299 B* 031 597 6.85 478
Control (not treated with solution) 10 19.89 - A* 0.48 18.90 20.63 2.42

b*  Carbonate + Vinegar (A) 10 1715 [13.78 B 0.35 16.62 17.62 2.02
Carbonate + Vinegar (B) 10 1643 1740 C** 0.27 16.01 16.75 1.64
Control (not treated with solution) 10 22.13 - A* 050 2119 2291 225

C* Carbonate + Vinegar (A) 10 1834 |17.13 B 041 17.78 18.98 222
Carbonate + Vinegar (B) 10 1767  |20.15 C** 0.22 1742 18.02 1.24
Control (not treated with solution) 10 64.00 - B** 0.75 6255 65.01 116

h°  Carbonate + Vinegar (A) 10 68.61 17.20 A* 0.84 6741 69.87 1.23
Carbonate + Vinegar (B) 10 68.39 16.86 A 1.13 66.83 70.29 1.66

Vinegar (A): Grape, Vinegar (B): Hawthorn, COV: Coefficient of Variation, SD: Standard Deviation,
HG: Homogeneity Group, N: Number of Measurements, *: Highest Result, **: Lowest Result

In regard to the b* parameter, the highest value was recorded in the control samples at
19.89 while the lowest value was observed in the experimental samples treated with the
carbonate + vinegar (B) mixture solution registering at 16.43. Notably, the most pronounced
decrease in the b* parameter occurred with the application of the carbonate + vinegar (B)
solution to wood surfaces resulting in a reduction rate of 17.40%. Conversely, the treatment
process involving the carbonate + vinegar (A) solution exhibited the least decrease rate at
13.78% (Table 4).

Regarding the C* parameter, the highest measurement was noted in the control samples at
22.13, whereas the lowest value was recorded in the experimental samples treated with the
carbonate + vinegar (B) mixture solution showing a reading of 17.67. Interestingly, the most
substantial reduction rate of 20.15% in the C* parameter was observed with the carbonate +
vinegar (B) solution while the carbonate + vinegar (A) solution exhibited a comparatively
lower decrease rate of 17.13% (Table 4).

In h° value, the lowest result is determined in the control samples (64.00) while the highest
result is observed after the application of the carbonate + vinegar (A) mixture solution
(68.61). The highest increase rate for h® is 7.20% in the carbonate + vinegar (A) solution
while the lowest increase rate is 6.86% in the carbonate + vinegar (B) solution (Table 4).
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Table 5 presents the results for total color differences. AE* values obtained using the color
formulas provided in the materials and methods section are 13.63 for the carbonate + vinegar
(A) solution and 13.13 for the carbonate + vinegar (B) solution, and the results are very close
to each other. AH* values are calculated as 1.23 for the carbonate + vinegar (A) solution and
1.53 for the carbonate + vinegar (B) solution (Table 5).

AL*, Aa*, Ab*, and AC* values are negative (respectively darker than the reference,
greener than the reference, bluer and duller than the reference) for both solutions applied to
the wooden material surfaces. When compared with the color change criteria, it is observed
that both prepared solutions give “very strong (> 12.0)” results (Table 5).

Table 5. Results for total color differences

Criteria

1 * * * * * *
Solution Type AL*  Ab* Aa* AC* AH*AE (DIN 5033, 1979)

Carbonate + Vinegar (A) -13.03 -290 -274 -379 123 13.63

Very strong (> 12.0
Carbonate + Vinegar (B)  -12.25 320 -3.46 -446 153 13.13 ystrong (> 12.0)

The measurement results for whiteness index (WI*) values are presented in Table 6.
Decreases are observed in WI* values in both directions after the application of the prepared
solutions to the wooden material surfaces. The highest results in WI* values are determined in
the control samples (L: 16.56 and || 5.65). In addition, the decrease rates for WI* values are
determined as 45.89% and 42.15% for the L direction and 22.48% and 35.22% for the ||
direction for carbonate + vinegar (A) and carbonate + vinegar (B) solutions, respectively
(Table 6).

Table 6. Results for whiteness index (WI*) values

Test Solution Type N Mean Change o gp Mini- Maxi- o,
(%) mum  mum

Control (not treated with solution) 10 16.56 - A* 038 16.20 17.20 2.30

WI* " carbonate + Vinegar (A) 10 896 4589 C** 025 870 930 2.74
+ Carbonate + Vinegar (B) 10 958 [42.15 B 015 940 980 1.62
Control (not treated with solution) 10 5.65 - A* 005 560 570 0.93

WI* " Carbonate + Vinegar (A) 10 438 [2248 B 023 420 470 536
" Carbonate + Vinegar (B) 10 366 |3522 C** 0.08 360 380 230

Vinegar (A): Grape, Vinegar (B): Hawthorn, COV: Coefficient of Variation, SD: Standard Deviation,
HG: Homogeneity Group, N: Number of Measurements, *: Highest Result, **: Lowest Result

The measurement results for glossiness values are listed in Table 7. When looking at the
glossiness tests, measurements made perpendicular (1) to the fibers at 20, 60, and 85 degrees
show decreases. Again, the highest glossiness results are found in the control test samples
(L20° 0.34, 160° 1.88, and 185° 0.34) (Table 7).

Decreases in glossiness values parallel to the fibers at 60 and 85 degrees are observed with
both solutions. At 20-degree parallel to the fibers, a decrease of 30.00% with the carbonate +
vinegar (A) solution and an increase of 20.00% with the carbonate + vinegar (B) solution are
observed (Table 7).

In the study conducted by Camlibel and Ayata (2024), it was reported that applying
solutions prepared from mixtures of vinegar and baking soda to the surfaces of movingui
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(Distemonanthus benthamianus Baillon) wood resulted in decreases in all glossiness values,
WI* values, and L* and a* values while increases were observed in C*, h°, and b* values.

Table 7. Results for glossiness values

Change Mini- Maxi-

Test Solution Type N Mean (%) HG SD mum . mum cov
Control (not treated with solution) 10 0.34 - A* 006 030 042 16.63
120° Carbonate + Vinegar (A) 10 012 6471 C** 0.04 0.10 0.20 35.14
Carbonate + Vinegar (B) 10 022 3529 B 0.08 0.10 0.30 35.86
Control (not treated with solution) 10 1.88 - A* 010 170 200 5.49
160° Carbonate + Vinegar (A) 10 1.04 |44.68 C** 0.08 090 1.10 8.11
Carbonate + Vinegar (B) 10 1.20 |36.17 B 012 110 140 9.62
Control (not treated with solution) 10 0.34 - A* 013 020 050 37.20
185° Carbonate + Vinegar (A) 10 0.10 |70.59 B** 0.00 0.10 0.10 0.00
Carbonate + Vinegar (B) 10 0.10 |70.59 B** 0.00 0.10 0.10 0.00
Control (not treated with solution) 10 0.20 - B 0.00 020 0.20 0.00
20° carbonate + Vinegar (A) 10 014 [30.00 C** 005 0.10 0.20 36.89
Carbonate + Vinegar (B) 10 0.24 120.00 A* 0.05 020 0.30 21.52
Control (not treated with solution) 10 1.84 - A* 014 160 200 7.77
|60° Carbonate + Vinegar (A) 10 126 [31.52 B** 016 110 150 1252
Carbonate + Vinegar (B) 10 176 |435 A 013 160 190 7.19
Control (not treated with solution) 10 1.34 - A* 020 100 150 14.59
185° Carbonate + Vinegar (A) 10 066 |50.75 B** 0.5 030 1.00 38.60
Carbonate + Vinegar (B) 10 1.20 |1045 A 018 1.00 140 14.70

Vinegar (A): Grape, Vinegar (B): Hawthorn, COV: Coefficient of Variation, SD: Standard Deviation,
HG: Homogeneity Group, N: Number of Measurements, *: Highest Result, **: Lowest Result

4  Conclusion

This study has yielded the following outcomes:

The color parameter values of L*, C*, b*, and a* decreased whereas the h° value
demonstrated an increase following the application of solutions.

The AE* values were recorded as 13.63 for the carbonate + vinegar (A) solution
and 13.13 for the carbonate + vinegar (B) solution.

Glossiness values showed decreases in both directions at 60 and 85 degrees
accompanied by declines in WI* values in both orientations.

The changes (Aa*, Ab*, AL*, and AC*) calculated using color formulas were found
to be negative for both solutions.

The application of solutions led to changes in the surface properties of the wooden
material.

It is recommended to conduct natural or artificial aging tests after the application of
interior or exterior varnishes on the samples treated with the obtained solution.
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Mobilya ve Ahsap Malzeme Arastirmalari Dergisi
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Dogu kayim (Fagus orientalis L.) kontrplak ile giiclendirilmis yongalevha
ve liflevhanin egilme davranmisimin deneysel ve niimerik analizi

Ergiin Guntekin*12, Mesut Uysal*

OZ: Bu cahsmada, Dogu kaymi (Fagus orientalis L.) kontrplak (KP) kullanilarak
giiclendirilmis yonga levha (YL) ve orta yogunlukta liflevhalarm (MDF) egilme davranisi
deneysel ve niimerik yontemler ile incelenmistir. Caligmada, 13 mm kalinliginda YL ve 12
mm kalmliginda MDF levhalar 4 mm kalinliginda kontrplak levhalar kullanilarak
giiclendirilmistir. Levhalarin yapistirilmasinda poliiiretan tutkali kullanilmistir. Deney
ornekleri TS EN 310’a gore {i¢ nokta egilme testine tabi tutularak egilme davranislari
incelenmistir. Calismada ayrica, test edilen giiglendirilmis 6rneklerin sonlu elemanlar
modelleri olusturularak niimerik analizler1 gerceklestirilmistir. Calisma sonuglar1 KP
kullanarak giiclendirilmis YL Orneklerin egilmede elastikiyet modiilii ve egilme direnci
degerlerinin yiikleme yoniine gore iki katma kadar, MDF oOrneklerinde ise %44 arttigmni
gostermistir. Giiclendirmenin etkinligi ylikleme yOniine gore degismektedir. Cekme
gerilmesine maruz kalan yilizeylerin giiclendirilmesi basing gerilmesine maruz kalan
yuzeylerin giliglendirilmesine gore egilme 6zelliklerine daha fazla katki saglamistir. Egilme
testlerinden elde edilen yiik-deformasyon egrileri ile niimerik analizlerden elde edilen yiik-
deformasyon egrilerinin genellikle benzer oldugu goriilmistiir. Calisma sonuglar1 KP
kullanilarak giiclendirilmis YL ve MDF levhalarin egilme davranislarmin sonlu elemanlar
yontemi kullanarak tahmin edilebilecegini gostermistir.

Anahtar kelimeler: Liflevha, yongalevha, kontrplak, glclendirme, niimerik analiz

Experimental and numerical analysis of the bending behavior of beech
(Fagus orientalis L.) plywood-reinforced particleboard and fiberboard
panels

ABSTRACT: In this study, bending behavior of particleboard (PB) and medium-density
fiberboard (MDF) reinforced using beech (Fagus orientalis L.) plywood (PW) was examined
by experimental and numerical methods. In doing so, 13 mm thick PB and 12 mm thick MDF
panels were reinforced using 4 mm thick beech plywood. Polyurethane glue was used to bond
the layers. The bending behavior of the test samples was determined by subjecting them to a
3-point bending test. Finite element models of the reinforced samples tested in the study were
created, and numerical analyses were performed. The results showed that the modulus of
elasticity under bending and bending strength of PB samples reinforced using PW increased
up to two times, and in MDF samples increased by 44%, depending on the loading direction.
The effectiveness of reinforcement varies depending on the loading direction. Reinforcing the
surfaces exposed to tensile stress contributed more to the bending properties than the surfaces
exposed to compressive stress. Generally, it was shown that the load-deformation curves
obtained from bending tests and the load-deformation curves obtained from numerical
analysis are similar. The study results showed that the bending behaviors of PB and MDF
reinforced using PW can be predicted using the finite element method.

Keywords: Fiberboard, particleboard, plywood, reinforcing, numerical analysis
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1 Giris

Tiirkiye mobilya sektoriinde dosemeli mobilya konstriiksiyonlarinin gergevelerinde masif
malzemeler kadar konstriiksiyonun hafif ve daha ekonomik olmasi agisindan ahsap esash
levhalar da tercih edilmektedir. Bu levhalar, ayrica, hem isleme kolayligi hem de boyutsal
stabilizasyonunun fazla olmasi nedeniyle de tercih edilmektedir. Ancak, ahsap esash
levhalarm  masif malzemeye gore dayaniminin daha disik olmast  mobilya
konstriiksiyonlarmin dayanimmi da etkilemektedir. Bu yiizden, bu panellerin dayanimini
arttiracak ¢aligmalar 6nem arz etmektedir.

Lamine edilmis ahsap esasli malzemelerin fiziksel ve mekanik 0zelliklerinde iyilesmeler
oldugu literatiirde ortaya koyulmustur. Norvydas ve Minelga (2006) tarafindan yapilan bir
calismada yiizey islem ve kaplamalarim YL egilme 6zelliklerini biiylik 6lciide degistirdigi
gorilmistiir. Kullanilan emprenyeli kagit, lamine film, ahsap ve plastik kaplamalar egilme
direncini %10 ile % 90 arasinda, elastikiyet modiiliinii ise % 57 kadar arttrrmustir. Istek ve
ark., (2010) tarafindan yapilan ¢alisma bu sonuglari onaylamaktadir. Biiyiiksar1 ve ark.,
(2012) kaym ahsap kaplama ile MDF levhalarda egilme ozelliklerinin ikiye katlandigini
bulmustur. Désemeli mobilya cergevelerinde genellikle birkac levhanin birbirine bagl yapisal
elemanlar olusturmak tizere bir araya getirilmesinden olusan yapisal elemanlar
kullanilmaktadir (Matwiej ve ark., 2022).

Sonlu Elemanlar terimi, 1960 yilinda Ray William Clough tarafindan "Diizlem Gerilme
Analizinde Sonlu Eleman Yontemi” (Clough, 1960) adli makalesinde tanitildi. ilk Sonlu
Elemanlar Yontemi kitabi Zienkiewicz ve ark., (2005) 60'larin sonlarinda yaymlandi ve
70'lerde Sonlu Elemanlar Metodu (SEM) uygulama alani genisledi ve genis bir mithendislik
problemleri alaninda 6nde gelen bir sayisal yaklasim haline geldi. Ulkemizde ahsap malzeme
mekanigi alaninda 2000’li yillarin baslarindan beri kullanilmaktadir. Gintekin (2004)
mobilya kose birlestirmelerinin siinme davranisinin, Yilmaz ve Giintekin (2012), Aydin ve
Yilmaz Aydm (2017) sandalye yan gercevelerinin yiik altindaki davranisinin, Basboga ve
Guntekin (2016) ahsap kafes sistemlerinin optimizasyonu, Kaygin ve ark., (2016) kavelali ve
zivanali birlestirmelerin, Kasal (2006) koltuk iskeletlerinin ve Ceylan ve ark., (2021) sandalye
iskeletlerinin tekrarli yiik altindaki davranisinin modellenmesinde kullanmislardir. SEM son
yillarda iiretim siire¢lerinin bir pargasi olmustur. SEM ile yapilan ¢alismalarin sayist 1980
yilinda bin iken 2000’li yillarda milyon seviyelerine ¢iktigi sdylenebilir (Tekkaya ve
Soyarslan, 2014). Bir yap: konstriiksiyonunda yiik altindaki elemanlarm mekanik
davraniglarmm niimerik analiz ile incelenmesi i¢in bu elemanlarin malzeme ozellikleri
tizerinde ¢aligmalar ortaya konulmali ve SEM ile modellenerek elde edilen sonuglarin
deneysel veriler ile dogrulanmasi gerekmektedir.

Bu ¢alisgmanm amaci, KP ile giiglendirilmis MDF ve YL lamine elemanlarmn egilme
davranislarinin deneysel ve niimerik yontemler kullanilarak incelenmesidir. Bu dogrultuda
oncelikle, (1) kullanilan malzemelerin baz1 mekanik ve fiziksel 6zellikleri belirlenmis, daha
sonra (2) KP ile guglendirilen lamine MDF ve YL levhalarin davranig 6zellikleri incelenmis
ve son olarak da (3) bu malzemelerin egilme davranislari SEM ile gerceklestirilen niimerik
analizlerden elde edilmis ve ¢alismanin deneysel verileri ile karsilastirilmistir.

2 Materyal ve Metot
2.1 Materyal

Calismada kullanilan, 210 x 280 cm ebatlarinda ticari levhalar yerel bir tedarik¢iden satin
almmustir. YL, 635 kg/m® yogunluk ve 13 mm kalinlikta P2 smnifinda (TS EN 312, 2012),
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MDF ise 789 kg/m® yogunlukta HD Kkalitesinde (TS EN 622-5, 2011) ve 12 mm
kalinligindadir. KP, 4 mm kalmliginda ve 759 kg/m? yogunlugunda marin sinifi (yiiksek neme
dayanikli) olup ti¢ katmanli dogu kaymi (Fagus orientalis L.) kaplamalarindan tretilmistir.
Tiim levhalar 600 x 600 mm boyutlarinda kesilerek kontrollii kosullarda (sicaklik 20+1°C,
bagil nem %65) muhafaza edilmistir.

YL ve MDF levhalarin giclendirilmesinde politireten (PUR) tutkali kullanilmis, YL ve
MDF levhalarin dis yiizeyine 4 mm KP yapistirilmistir. Yapistirmada kullanilan tutkal orani
200 g/m?dir. Yapistirilmis levhalar oda sicakliginda 24 saat boyunca 0,15 - 0,45 N/mm?
basing altinda Cemil Usta SSP-180 T laboratuvar tipi preste tutularak sartlandirmaya
birakilmistir. Uretilen levhalardan 50 mm genisliginde egilme test ornekleri kesilmistir.
Calismada kullanilan deney 6rnekleri Sekil 1’°de gosterilmistir.
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Sekil 1. Calismada kullanilan 6rneklerin boyutlart KP_YL (a), YL_KP (b), KP_MDF (c),
MDF_KP (d) ve uretilen test 6rnekleri (e)

2.2 Metot

2.2.1 Malzemelerin fiziksel 6zelliklerin belirlenmesi

Malzemelerin yogunluklar1 TS-EN 323 (1999)'a gore 5 tekrarli 6rnekler 50 x 50 mm
boyutlarinda hazirlanmis ve Esitlik 1’e gore hesaplanmaistir.

— M2
i =22 ®
d12 : Kondisyonlanma sartlarmdaki yogunluk (g/cm?)

my2 : Kondisyonlanma sartlarindaki agirlik (g)

V1, : Kondisyonlanma sartlaridaki malzeme hacim (cm?)

Orneklerin rutubet oranlar1 TS EN 322 (1999)'a gére 0,01 g hassasiyete sahip terazi ve
0,01 mm hassasiyete sahip dijital kumpas ile 6lgiilerek Esitlik 2 yardimiyla hesaplanmustir.

__ Myz—My
r= (2)
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r : Rutubet oran1 (%)
my2 : Kondisyonlanma sartlarindaki agirlik (g)
Mo : Tam kuru agirlik (g)

2.2.2 Malzemelerin egilme davramislarimin belirlenmesi

KP kullanilarak giiglendirilmis YL ve MDF levhalarin U¢ noktali egilme testleri
Shimadzu® UTM kullanilarak yapilmistir (Sekil 2). Her Ornek grubu icin bes 6rnek test
edilmistir. Tum testler 20£1°C'lik oda sicakliginda ve %65'lik bagil nem ortaminda
gercgeklestirilmistir. Test edilen drneklerin egilme direnci ve elastikiyet moduli TS-EN 310
(1999)a gore hesaplanmustir. Egilme numunelerinin test agikligi numunelerin kalinliginin
yaklasik 20 katidir. Her deney drneginin elastikiyet modiilii “E” (N/mm?) esitlik 3 yardimryla
hesaplanmistir:

- 13(F,—F;) 3)
4bt3(d,—d;)

Her deney 6rneginin egilme direnci, “c” (N/mm?) esitlik 4 yardimiyla hesaplanmistir:

— 3PmaxL 4)
2bh?

Burada:

L : destek noktalar1 arasindaki agiklik (mm),

F> — F1 : orantisal bolgede elde edilen yiikler (N), burada F> maksimum yikin (Fmax)
yaklasik % 40’1, F1 ise 10% “dur.

d>—ds : P2, P1yiklerine karsilik gelen deformasyon miktarlar1 (mm),

Fmax : maksimum yiik (N),

b : deney 6rneginin genisligi (mm),

h : deney 6rneginin kalinligi (mm).

o

Kullanilan ahsap esasli levhalarin ayrica 9%0.2’lik akma direnci ve plastik bolgedeki tanjant
modiilleri de hesaplanmistir. Bu degerler giiclendirilmis YL ve MDF levhalarin dogrusal
olmayan plastik davranisinin modellenmesinde kullanilmustir.

Sekil 2. Ug noktali egilme deneyi.
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2.2.3 istatiksel analiz

Yapilan calismada deneyler sonucunda elde edilen verilerin grup i¢i ve gruplar arasi
varyasyonlar1 istatiksel olarak tespit edilip gruplar arasinda anlamli farklilik olup olmadig1
IBM SPSS Statistics 22 veri analiz yazilimindan yararlanilarak belirlenmistir.

2.2.4 Nuumerik analiz

Numerik hesaplamalar ANSYS Mechanical APDL v.2023 (ANSYS, Inc. Canonsburg, Pa,
ABD) kullanilarak yapilmistir. Giliglendirilmis levhalarin nimerik modellerinde tim
katmanlarinin izotropik oldugu varsayilmistir. NUmerik modelin ayriklastirilmasi, yaklagik
3.000 eleman ve 5.000 diigiim igeren Solid186 (K3, Structural Solid) elemani kullanilarak
saglanmustir. Solid186, ikinci dereceden yer degistirme davranisi sergileyen, yiiksek dereceli,
3 boyutlu, 20 diigiimlii bir kat1 elemandir. Ust orta agiklik diigiimlerine P/2 kuvveti olarak
diglim yiikleri uygulanmistir. Modeller bir uctan basit bir sekilde desteklenmis ve diger ugtan
yer degistirme ve dondiirme i¢cin sinirlandirilmistir. Levhalar arasinda miikemmel bir bag
oldugu varsayilarak yazilimm yapistrma komutu (vglue) uygulanmistir. Bu komut ile kati
hacimler ortak sinirlar1 boyunca alanlar1 paylasacak sekilde yeniden tanimlanir. Orta agiklikta
olusan deformasyon ve gerilmeler, sayisal analizin bir ¢iktisi olarak okunmustur.
Gerilme/deformasyon egrileri ANSYS kullanilarak olusturulmus ve laboratuvarda test edilen
gercek giiglendirilmis levhalarin egrileriyle karsilastirilmustir. Sekil 3’te ANSY'S kullanilarak
olusturulan modellerden biri gosterilmektedir. Plastiklik, akma ve tanjant modiilli, ANSYS
araciligiyla sunulan gerinim sertlesmesi (strain hardening ya da peklesme) secenegi
kullanilarak tanitilmistir.

Sekil 3. ANSYS kullanilarak elde edilen ag yapis1 ve smir durumlari

3 Bulgular ve Tartisma

Calismada test edilen malzemelerin yogunluk, rutubet (%) ve egilme ozellikleri Cizelge
I'de sunulmustur. KP ile gii¢lendirilmis YL nin elastikiyet modiilii ylikleme yOniine bagli
olarak 3000 ve 3300 N/mm?, egilme direnci ise 11 ve 26 N/mm? olarak hesaplanmustir,
kirilma anindaki deformasyon ise 5 ve 16 mm olarak dl¢iilmiistiir. KP ile giiclendirilmis MDF
levhalarda elastikiyet modiilii yiikleme yoniine bagl olarak 4443 ve 4446 N/mm?, egilme
direnci 33 ve 42 N/mm?, kirilma anindaki deformasyon miktar1 10 ve 12,9 mm olarak
Olciilmiistiir.
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Cizelge 1. Test edilen malzemelerin bazi fiziksel ve mekanik 6zellikleri

Kirilma amindaki

Malzeme Yogunlu3k Rutubet Elastikiyet M?dUIU Egilme Direznci ortalama
(d, glcm?)  (r, %) (E, N/mm?) (6, N/mm?) deformasyon
(d, mm)
YL 0.63 8.1 1943 (457) 10.36 (2.09) 5.07
MDF 0.80 8 3409 (82) 34.75 (1.31) 13.79
KP 0.75 11.5 9104 (917) 118.94 (5.65) 6.25
YL-KP 0.70 3391 (194) 26.71 (1.78) 16.47
KP-YL 0.71 3017 (165) 11.05 (0.66) 5.15
KP -MDF 0.78 4443 (193) 33.30 (2.03) 10.40
MDF - KP 0.78 4466 (352) 42.76 (3.58) 12.90

* Parantez igerisindeki degerler 6rnek gruplarinin standart sapmasidir.

Levhalarda kullanilan malzemelerin, giiclendirme yapilip yapilmamasi ya da hangi yiizeyin
giiclendirildigi levhalarin elastikiyet moduli ve egilme direnci lizerinde anlamli bir etkisi
oldugu varyans analizi ile ortaya konulmustur (Cizelge 2). Levhalarin elastikiyet modilu ve
egilme direnci i¢in Tukey ortalama karsilastirmasi da sirasi ile Cizelge 3 ve Cizelge 4°de
verilmistir. Calisma sonucunda, MDF ve YL levhalarin hangi yiizeyinin gii¢lendirildigi
elastikiyet modiilii icin anlaml1 bir farklilik ortaya koymazken egilme direnci i¢in anlamli bir
farklilik gostermistir. Ayrica, hem MDF hem de YL levhalarm yiizeyi giiglendirildiginde,
giiclendirme yapilmamis MDF ve YL levhalarina gore elastikiyet modulleri anlamli bir
farklilik gostermistir. MDF ve YL levhalarin iist yiizeyinin gii¢lendirilmesi egilme direncinde
giiclendirilmemis MDF ve YL panellere gore anlamli bir farkhilik ortaya koymazken, alt
yuzeyinin guclendirilmesi egilme direngleri igin farklilik gostermistir.

Cizelge 2. Levhalarm elastikiyet modiilii ve egilme direncine etkisine iliskin varyans analizi

Kareler Serbestlik Kareler F-dederi p-degeri
Toplam Derecesi Ortalamasi g (<0,05)
. Gruplar aras 210997425.42 6 35166237.57 22242 0.000
Elastikiyet — rpiar igi 4426970.73 28 158106.09
Modali
Toplam 215424396.15 34
Gruplar arasi 40827.25 6 6804.54 863.43 0.000
Egilme — Grpiar ji 220.66 28 7.88
Direnci
Toplam 41047.91 34

Cizelge 3. Levhalarin elastikiyet modiilii i¢in Tukey ortalama karsilastirma testi

Malzeme N Grup*

YL 5 A

KP_YL 5 B

MDF 5 B

YL_KP 5 B

KP_MDF 5 C

MDF KP 5 C

KP 5 D

* Ayni harf ile belirtilen 6rnek gruplari arasinda anlamli bir farklilik yoktur
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Cizelge 4. Levhalarin egilme direnci i¢in Tukey ortalama karsilastirma testi

Malzeme N Grup*
P_YL 5 A
YL 5 A
YL_P 5 B
5
5
5

KP_MDF
MDF
MDF_KP D

KP 5 E
* Ayni harf ile belirtilen 6rnek gruplari arasinda anlamli bir farklilik yoktur

O

Test edilen malzemeleri temsil eden ortalama gerilme-deformasyon egrileri Sekil 4'de
gosterilmistir. Numuneler ahsap esasli kompozit malzemelere ait olmasina ragmen, gerilme-
deformasyon davranislar1 hammadde ve {iretim siireglerine bagli olarak farklilik
gostermektedir. Egilme egrileri karsilastirildiginda, kontrplagim diger ahsap esash
malzemelerden lstiin yiik tasima kapasitesine sahip oldugunu gostermistir. Ahsap esash
levhalarin deneysel sonugclari, gerilme-deformasyon egrilerinin dogrusal bolgeye, akmaya ve
onu takip eden plastik bolgeye sahip cift dogrusal olarak kabul edilebilecegini gostermistir
(Sekil 4). Bu bilgi ANSYS kullanilarak sayisal modeller olusturmak i¢in ¢ok onemlidir. Test
edilen KP, MDF ve YL’nin sirasiyla yaklasik 88, 19 ve 7 N/mm?'lik bir akma gerilmesine
sahip oldugu goriilmiistiir. Tanjant modiilii degerleri sirasiyla 2000, 1700 ve 300 N/mm?
olarak hesaplanmustir.

120 ——DF
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'E 80
g
< 60
"]
£
= 40
o
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0
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Deformasyon (mm)

Sekil 4. Caligmada kullanilan malzemelerin gerilme-deformasyon egrileri

Sekil 5, KP ile giiglendirilmis YL ve MDF levhalarin egilme testi sonucglarini ve niimerik
modellemeyi gostermektedir. Giiglendirilmis YL ve MDF levhalarin gerilme-deformasyon
egrileri KP-YL testi hari¢, baslangigta dogrusal elastik bolgeyi ve ardindan plastik
deformasyonu iceren ¢ift dogrusal egrilerdir. KP-YL ise kirilmaya kadar dogrusal bir davranis
sergilemistir.
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Sekil 5. Yiik deformasyon egrileri: MDF-KP (a), KP-MDF (b), YL-KP (c) ve KP-YL (d)

KP ile gliclendirilmis YL ve MDF levhalarin birbirinden farkli egilme davranisi1 gosterdigi
goriilmiistiir. Basmg ylizeyinde yapilan giiclendirmelerde egilme direnci anlamli olarak
degismemistir. Cekme gerilmeleri olusan yiizeyde yapilan KP giiclendirme YL’da elastikiyet
modiilii yaklasik iki katina ¢ikarmis, MDF Orneklerinde ise %44’iin ilizerinde artisa neden
olmustur. Sekil 6'da gosterildigi gibi KP ile gii¢lendirilmis YL ve MDF levhalarda hem
baslangi¢ elastikligi hem de maksimum gerilme agikca farkli goriilmektedir.
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Sekil 6. KP ile giiglendirilmis YL ve MDF levhalarm egilme grafikleri.
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Niimerik ve deneysel sonuclarin karsilastirilmasi, giiclendirilmis levhalarda kirilma anina
kadar olan deformasyon davranisinin, ANSYS'in simiilasyon sonuclariyla ¢ogunlukla iyi bir
uyum iginde oldugunu goéstermistir. Niimerik modeller, gliglendirilmis levhalarin mikemmel
bir sekilde yapistirildigini varsaymaktadir. Bu, KP ile MDF ve YL arasindaki tutkal
tabakasinda hi¢bir zaman gézlemlenmeyen hasar ile dogrulanmigtir. Niimerik modeller daha
detaylidir ve daha yiliksek kirilma olasiliginin isareti olan gerilme konsantrasyonlarini
gostermektedir (Sekil 7).

Sekil 7. Niimerik modelleme sonuglar1 Deformasyon (a) ve Gerilme (b)

Dogrusal olmayan davranigi niimerik modellemesi zordur. Ciinkii ahsap esasli levhalarin
elastoplastik davranismi tanimlayacak veriler literatirde mevcut degildir. Bu durum,
modellemeyi 6nemli 6l¢iide zorlastirmaktadir. Niimerik modellemede malzemelerin akma
gerilmesi ve tanjant modiiliiniin kullanilmasi, giiclendirilmis YL ve MDF levhalarin dogrusal
olmayan davraniglarinin ve daha kesin sonucglarin elde edilmesini miimkiin kilmaktadir.

Literatiirde yapistirilmis malzemelerin egilme yiikii altinda SEM modellenmesi ile ilgili
cesitli caligmalara rastlamak miimkiindiir. Cogu ¢alisma, niimerik modeller ile deneysel
sonuglar arasinda iyi bir uyum oldugunu ortaya koymustur (Alade ve ark., 2023). Bazi
calismalarda deformasyonun daha az oldugu sonuglar elde edilmistir. Ahsap kullanilirken i¢
kusurlar veya diizensizlikler kaginilmaz oldugundan, niimerik modellerin daha az
deformasyon vermesi beklenebilir. Kljak ve ark., (2018), YL panellerin modellenmesinde ¢
katmanli ortotropik model yerine izotropik modellerin kullanilmasinin dogrusal-elastik limit
dahilinde daha kesin sonuclar verdigini ortaya ¢ikarmistir.

Niimerik modellerin dogrulugu, kullanilan elemanlarin tiiriine ve sayisina, geometriye ve
yiikkleme semasma bagl olabilir. Kat1 elemanlar, diizlem elemanlara goére daha iyi tahmin
saglayabilir ve ikinci dereceden elemanlar, birinci dereceden elemanlara gore daha yiliksek
dogruluk derecesine sahiptir. Niimerik modellemede, basit egilme modellemesinde orta
diizeyde eleman sayisina ve izotrop eleman Ozelliklerine sahip diizlem182 (4 diigiim) veya
kati186 (8 diigiim) gibi basit elemanlarla ag yapisi olusturmak dogru sonuglar verebilir.
Edgars ve ark., (2017) ve Kljak ve ark., (2018) tarafindan bildirilen sonuclar bu fikri
desteklemektedir. Karmagsik yilikleme sekilleri veya geometrileri, kati 186 (20 diigiim),
ortotropik eleman Ozellikleri ve daha fazla sayida eleman gibi yiiksek dereceli ikinci
dereceden elemanlarin kullanimini gerektirebilir. Ortotropik ozellikleri kullanan dogrusal
olmayan davranigla ilgili arastirmalar (Kljak ve Brezovi¢ 2007; Labans ve Kalnin, 2014;
Smardzewski, 2019; Mohammadabadi ve ark., 2020) ahsap esasli kompozitlerin
modellenmesinde oldukca gercekci sonuglar elde etmislerdir.
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KP ile giiclendirilmis YL ve MDF levhalarda, yiikleme yoniinden bagimsiz olarak goriilen
kirilma sekli benzerdir. Cekme yiizeyi giiglendirildigine; kirilma YL veya MDF levha
yiizeyinde baglayarak sirasiyla YL veya MDF levha orta kisminda kesme (makaslama)
kirilmast ve son olarak KP ¢ekme kirilmast seklindedir (Sekil 8). Basing yiizeyi
giiclendirildiginde kirilma YL ve MDF yiizeyden baslaylp kesme kirilmasi seklinde
sonlanmaktadir. Yonga veya lif esasli ahsap levhalarda kesme direncinin &zellikle orta
tabakalarda zayif oldugu iyi bilinmektedir; kusurlarin varhigi ve i¢ yapisma direncindeki
farkliliklar kesme kirilmasina katkida bulunabilir.

Sekil 8. Guclendirilmis YL’ da kirilma sekilleri: YL-KP (a), KP-YL (b)

4 Sonug ve Oneriler

Calismanin sonuglari, KP ile gii¢lendirmenin YL ve MDF levhalarin egilme davranisi
iizerinde 6nemli bir etkiye sahip oldugunu gostermistir. Calismanin sonucunda elde edilen
cikarimlar agagida maddeler halinde verilmistir.

e KP ile giiglendirilmis levhalar, KP ile giclendirilmemis levhalardan beklendigi gibi
daha iyi egilme 6zellikleri gostermistir,

e KP ile giiclendirmede ¢ekme gerilmelerinin olustugu yiizeyin giiclendirilmesi daha
etkilidir,

e (Calismada Uretilen gii¢lendirilmis levhalarin egilme davranisinin tahmininde nimerik
modeller basariyla kullanilabilir,

e Farkli kalinliklarda olusturulacak yeni lamine malzemelerin davranisini tahmin etmek
icin sayisal modeller uyarlanabilir,

e Test edilen levha gii¢lendirilmis levhalarin davraniginin dogrusal olmama durumu akma
ve tanjant modili kullanilarak basarili bir sekilde tanimlanmustir.

Yazar Katkilan

Ergin Guintekin: Kavramsallastirma (aragtirma fikri ve amacglarmin gelistirilmesi), proje
yonetimi, metodolojinin belirlenmesi, arastirmanin yapilmasi, analizlerin yapilmasi, veri
iyilestirme, kaynaklar, gorsellestirme, makale taslak olusturma, makale yazma, inceleme ve
dizenleme. Mesut Uysal: Kavramsallagtirma (arastirma fikri ve amaglarimin gelistirilmesi),
proje yonetimi, metodolojinin belirlenmesi, arastirmanin yapilmasi, analizlerin yapilmasi, veri
iyilestirme, gorsellestirme, inceleme ve diizenleme.
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Finansal destek beyani
Finansal destek alimmamustir.

Cikar catismasi
Yazarlar ¢ikar ¢atigmasi beyan etmemistir.
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Circular economy awareness and motivations in the furniture industry:
Inegol as a microcosm of global south dynamics

Serkan Bayraktaroglu!*'2, Yasemin Soylu?

ABSTRACT: This study examines the distinctive characteristics of circular economy (CE)
transitions in the Global South with the aim of elucidating the complex dynamics. The
furniture cluster in Inegdl, Tirkiye, is employed as a case study. A circular economy
awareness survey is employed to illustrate the current perspective of the industry. In total, 40
companies from the cluster were reached, and the results were analysed using thematic
analysis and descriptive statistics. Furthermore, a semi-structured interview was conducted
with a key figure within the ecosystem to gain a deeper understanding of the barriers and
motivations for potential CE transitions. The study’s key findings reveal that companies
operating in the Global South have less awareness of the coverage of CE with applications
confined to waste reduction and energy efficiency in comparison to the Global North.
Additionally, new design and innovation efforts are not identified among the expected
benefits related to implementing CE. This paper highlights the fact that exporting companies
from the Global South may face challenges for sustaining their competitive advantage in EU
markets, particularly after the 2026 Net Zero CO> Plan due to their limited understanding of
CE.

Keywords: Circular Economy, Furniture Industry, Design, Global South, inegdl Furniture

Dongusel ekonomi farkindaligr ve mobilya endiistrisindeki motivasyonlar:
kiiresel giiney dinamiklerinin bir mikrokozmosu olarak Inegol

OZ: Bu galisma, karmasik dinamikleri aydinlatmak amaciyla Kiiresel Giiney'deki déngiisel
ekonomi (DE) gecislerinin ayirt edici 6zelliklerini incelemektedir. inegdl, Tiirkiye'deki
mobilya kiimelenmesi bir vaka ¢alismasi olarak kullanilmigtir. Arastirma, endiistrinin mevcut
perspektifini gostermek i¢in dongiisel ekonomi farkindalik anketi kullanmaktadir. Kimeden
toplamda 40 sirkete ulasilmis ve sonuclar tematik analiz ve tamimlayici istatistikler
kullanilarak analiz edilmistir. Ayrica, potansiyel DE gegcislerinin engellerini ve
motivasyonlarini daha 1yi anlamak i¢in, ekosistemin 6nemli bir figiiriiyle yar1 yapilandirilmig
bir miilakat yapilmistir. Calismanin ana bulgulari, Kiiresel Kuzey'e kiyasla, Kiiresel Giiney'de
faaliyet gosteren sirketlerin DE kapsamina yonelik daha az farkindaliga sahip oldugunu ve
uygulamalarin atik azaltim1 ve enerji verimliligi ile sinirladigin1 gostermektedir. Ayrica, yeni
tasarim ve inovasyon cabalart DEmin uygulanmasiyla ilgili beklenen faydalar arasinda
tanimlanmamistir. Bu makale, Kiiresel Giiney'den ihracat¢i sirketlerin, dongiisel ekonomi
konusundaki sinirl anlayislar1 nedeniyle yakin gelecekte, 6zellikle AB'nin 2026 Net Sifir CO2
Plan1 sonrasinda, AB pazarlarinda rekabet avantajlarini siirdiirmede zorluk yasayabilecekleri
gercegine isaret etmektedir.
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1 Introduction

The Circular Economy (CE) concept, which aims to extend product life cycles and
minimise resource use and waste, is gaining traction in the business world (Suchek et al.,
2022; MacArthur, 2013; Bocken et al., 2017). However, its implementation faces challenges
related to costs, legislation, and managerial issues (Sarja et al., 2021; Acerbi and Taisch,
2020; Govindan and Hasanagic, 2018; de Jesus and Mendonca, 2018; Hoag et al., 2002).
Transforming organizational structures and manufacturing techniques is necessary however it
is a demanding process (Dubey and Bansal, 2012; Briguglio et al., 2021). CE and
sustainability efforts also depend on the socio-economic structure of the society, the sector,
market dynamics, legal regulations, openness of organizations to change and innovation
(Pieroni et al., 2021). Often, the initial CE awareness is identified as a crucial barrier for firms
to adopt CE principles (Kumar et al.,, 2019). Thus, there might be differences in
transformation processes between the Global North and the Global South.

The furniture industry, which is vital for Global South economies and closely tied to civil
construction and urbanization, faces sustainability challenges due to its reliance on virgin
materials (de Oliveira et al., 2018; Azizi et al., 2016; Iritani et al., 2015). While Turkish
manufacturers are making strides in waste reduction, they lag in resource productivity and
waste management compared to EU standards (Koska and Erdem, 2023; Azizli, 2021). The
study focuses on Inegdl that is a furniture industry cluster comprising 3000 companies (Url-1)
located at the western of Tirkiye surrounded by natural forests which have been the major
resource for the industry for decades. Inegdl made 716 Million USD in furniture exports
corresponding to 18% of Turkiye’s total furniture exports in 2022 (Url-1). Turkiye had 2,06%
share in global furniture exports with 4.6 Billion USD in furniture exports (Url-1) while Iraq,
Germany and the US are Tiirkiye’s three major export markets (Url-1).

This study addresses the following research questions by conducting an in-depth
examination of the Inegdl case: i) what are the organizational awareness levels related to CE
(if any?) at furniture companies operating in the Inegdl cluster? (ii) what are the major
motivations and barriers in adopting CE capabilities and skills in the furniture industry in the
Global South? and (iii) what are the potential design and policy implications of CE transitions
in the Global South? The findings have the potential to offer insights for policymakers,
industry stakeholders, and researchers in forming strategies for sustainable development in
regions with distinct economic landscapes. The study also aims to address existing knowledge
gaps by providing a detailed examination of the circular economy transitions in the Global
South compared to the Global North.

The aim of this study is to explore motivations and barriers to CE transition in the Turkish
furniture industry contributing to a broader understanding of sustainability efforts in design
and production.

1.1 CE transition trajectories of global south

Transition to CE requires a widespread strategy that takes economic, cultural and
organizational characteristics into account. Countries of the Global North are often identified
by their developed economies, levels of industrialization, infrastructure and technology, and
higher income (Adomako et al., 2023; Odeh, 2010). Global South is associated with resource
scarcity, low industrialization and developing economies (Pieterse, 2000). A nuanced
understanding of the CE in the Global South requires the identification of specific challenges
and opportunities derived from the socioeconomic environment, availability of resources and
legislative frameworks (Muchangos 2022; Schroder et al., 2019).

39



Bayraktaroglu and Soylu, Furniture and Wooden Material Research Journal, 7 (1), 38-53

Although industrialization levels and challenges may vary, the Global South is often
characterized by (i) less advanced industrial and service sectors, (ii) lacking advanced
technologies for facilitating CE practices such as smart manufacturing, waste management
and recycling technologies, (iii) resource constraints hindering adoption of cutting-edge
technologies, (iv) lack of advanced infrastructures for waste collection and recycling
practices, and (v) underdeveloped regulations and legislations for environmental and social
sustainability (Odeh, 2010). The CE practices in the Global South often face challenges such
as improving environmental damage tracking, increasing the impact of waste minimization
initiatives, and overcoming high implementation costs (Hira et al., 2022; Tahulela and
Ballard, 2020). However, the countries of Global South have certain advantages for a
potential leapfrogging by directly adopting newer and more sustainable technologies
compared to developed economies which would also potentially make a significant
improvement in the chronicle problems such as unemployment, waste, pollution and energy
dependency (Schroder et al., 2019).

Regional characteristics are crucial factors fostering companies to develop eco-innovations
(Arranz et al., 2022, Stern and Valero, 2021). Not only common cultural barriers such as
consumer awareness and company culture but also market related barriers including low
virgin material prices and high investment costs are identified as barriers to a transition to CE
(Jan 2022; Kirchherr et al., 2017). Smaller companies often consider cost savings and
compliance with the legislation over circular strategies (Ormazabal, 2018). Companies often
voluntarily undertake environmental management practices due to customer-oriented
approaches and differentiation strategies in developing countries (Tatoglu et al., 2020).

1.2 inegol: mass produced artisan furniture manufacturers’ cluster of Tiirkiye

The furniture industry began its industrial production in the 1970s in Turkiye. Currently,
there are approximately 61,728 furniture establishments, employing 258,213 workers and
operating in cities like Istanbul, Ankara, Bursa, Kayseri, 1zmir, and Adana with automation
beginning in the 2000s (Serin et al., 2014). The furniture cluster of Inegdl is situated in Bursa
and comprises 3000 companies as of 2023 (Url-1). Inegél has a rich history in furniture
production starting from the Ottoman period by crafting oars for the navy. A systematic
growth of furniture manufacturing was observed since 1943 after the establishment of the
Turkish Republic (Url-1). inegdl concentrated on the production of chairs during the 1960s.
The ISTAS cooperative was established for the production of chipboard, specifically MDF
and particleboard in the early 1980s (Araz and Yasar, 2020). Since then, Inegdl not being a
heavily populated city has shifted towards mechanized production turning craftsmanship into
mass production. The internationalization of the sector was boosted by the increasing number
of furniture fairs in the early 1990s. Local furniture fairs have improved in size, quality, and
frequency since 1985. These events have become crucial for the industry and the city of
Inegol by being regularly organized twice a year (Url-2). The Turkish furniture sector is
pioneering, developing new products and concepts, and keeping a close eye on global trends.

1.3 Circular economy in the scope of Inegdl furniture industry

The literature examining CE in the context of the furniture industry frequently highlights
the depletion of resources and deforestation (Azizi et al., 2016; Iritani et al., 2015), supply
chain collaborations (Susanty et al., 2020), extended producer responsibility (Nozharov,
2019), industrial symbiosis and circular product concepts (Oliveira et al. 2020), solid wood
recovery strategies (Husgafvel et al., 2018), standardization of components, introduction of
modular products, using reclaimed materials, and improving reuse practices (Agrawal et al.,
2021; Wicaksono and Kadafi, 2020; Barbaritano et al, 2019; Azizi et al., 2016). Improvement

40



Bayraktaroglu and Soylu, Furniture and Wooden Material Research Journal, 7 (1), 38-53

of manufacturing processes and overcoming organizational changes in the framework of CE
requires a systemic transition (Yal¢in and Foxon, 2021), establishing new business models
(Koszewska and Bielecki, 2020), and effective reuse and recycling strategies in furniture
industry (Barbaritiano et al., 2019).

The furniture manufacturers of inegdl have made relative progress towards increasing the
share of renewable energy use in their overall consumption (Bursa Belediyesi, 2022) which is
a common pattern in overall Tilrkiye due to introduced legislations encouraging renewable
energy production and consumption (Celik and Ozgir, 2020; Eser and Polat, 2015). The
furniture manufacturers of Inegdl deal with reducing the waste by increasing the recycling
capacities within the waste treatment regulations of the local municipality (Godel and
Beyhan, 2021; Salihoglu et al., 2019) in line with the zero-waste initiative of the government
(Ay¢in and Kayapinar, 2021). The furniture manufacturing industry is making strides to
lessen its environmental footprint, particularly in chemical usage during painting and
chipboard production (Syeda et al., 2022; Vaajasaari et al., Adhikari and Ozarska 2018).
Transitioning to eco-friendly materials is a significant move for Inegdl's ecosystem.
Challenges like water consumption and inadequate filtration systems need addressing
(Adhikari and Ozarska 2018). Furthermore, the absence of environmental regulations and
industry norms may hinder the shift towards a CE.

2 Method
2.1 Research method

This study uses a qualitative approach to investigate awareness levels and barriers to CE
in Inegdl furniture companies due to the exploratory nature of the research. The main data
collection method was an online survey utilizing the questionnaire developed by Kumar et al.
(2019). The survey was prepared on the Qualtrics platform and the link was sent to the
companies among the Inegdl’s furniture exporters list. The online survey consists of 28
questions including 12 company profile and demographics related questions, four open-ended
questions about the circular economy concept, two questions about employees' awareness of
the circular economy and ten questions adapted from Kumar et al (2019) which are presented
in Figure 2.

The Waste Hierarchy Framework developed by Potting et al., (2017) was used to analyse
qualitative data on the transition from linear to circular economy. The framework suggests 10
strategies for transition from linear to circular economy with the highest-level strategies
(refuse, rethink, reduce) focusing on the efficient use of products and manufacturing
operations.

Thematic analysis was also used to develop additional categories to analyse qualitative
data. Additionally, we used Qualtrics based descriptive statistics to elaborate on the survey
results and interpret data clearly and concisely. Moreover, a semi-structured interview with a
key person from a major NGO focused on furniture manufacturers in inegoél was conducted to
gain a better understanding of the cluster and its circular economy perspectives.

2.2 Sample Population of Survey

In their research, Kumar et al. (2019) use 63 valid responses received from the survey
conducted in developed economies (EU and UK) from various industries from automotive to
paper products. We used the list obtained from the Inegdl Furniture Manufacturers
Association ,which contains 198 exporter members, to gather a deeper understanding of the
CE awareness of the Turkish furniture industry (Url-3). We decided to approach them initially
as we assumed that exporting companies are more likely to be knowledgeable about the
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circular economy. We received 40 valid responses (with a response rate of 20%) between
September-December 2023. The survey encompassed responses from 40 firms predominantly
medium and small-sized enterprises. There were 4 large size (n>250), 21 medium size
(250>n>50), 11 small size (50>n>10) and 3 micro size (n<10) companies in the sample. The
minimum export to sales ratio turned out to be 10% whereas the maximum was 100% with a
mean of 50,61 % (SD. 24,63%).

3 Findings and discussions
3.1 Organizational awareness levels to circular economy

21 companies out of 36 indicated prior awareness of the circular economy concept while
15 had not encountered it in our findings. Moreover, approximately one-third (13/36) of the
surveyed firms claimed involvement in circular economy-related activities (Figure 1).

Comparison of Global South vs. Global North in Terms of CE Awareness

No, idea

None

Some staff have heard about some of the benefits
There a number of staff with adequate awareness

There isa limited awareness about the benefits

The benefitsare known by all staff
0% 5% 10% 15% 20% 25% 30% 35% 40%

m North (Kumaret. Al, 2019) (N=68) m South (Authors 2023) (N=36)

Figure 1: Comparison of Global South vs. Global North in Terms of CE Awareness

Open-ended questions revealed that only five R’s were mentioned in the survey responses
(see Table 2). Responses highlight that the industry is generally familiar with the concept of
recycling. Interestingly, none of the respondents mentioned “recovery” in their answer, yet it
is @ common practice in the industry to incinerate the leftover wooden parts in the facility
according to our interview. The concept of “waste” was highlighted as a critical issue of the
CE and identified as an additional category in the thematic analysis. Moreover, cost reduction
expectations aligned with optimizations in production processes and increased quality were
identified as other prominent categories by gaining economic advantage through design.

The common practice of incineration, which is the lowest level of the waste hierarchy,
corresponds to the CE challenges of the Global South such as the lack of developed
infrastructures for waste collection, increasing the impact of waste minimization initiatives,
recycling and reuse practices highlighted in the literature (Hira et al., 2022; Tahulela and
Ballard, 2020; Odeh, 2010;). Yet, it is possible to argue that the sector is somehow aware of
the potential of CE transitions to contribute to tackling the country’s chronic economic and
environmental problems which could also contribute to the leapfrogging potential (Schroder
et al. 2019).

Furthermore, none of the respondents mentioned eliminating the usage of hazardous
chemicals or composite compounds unable to be recycled as potential improvements for CE.
It is noteworthy that two respondents have identified societal transformation and reduction of
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consumption as elements of their conceptualisation of CE. However, it is unclear how these
concepts are operationalised in practice.

Table 1. Survey Analysis of Open-Ended Questions

Open ended questions (x) frequency of the same answer
Q1: What do you think the circular economy concept is about? Can you explain it with a few words that come to your
mind immediately? 26 participants answered. (n=35) Q2: What are the 3 pillars of a circular economy?14 participants
answered (n=35)
Thematic analysis of open-ended questions
Waste Hierarchy Categories Adopted from (Potting et Additional Categories
al., 2017)
Refuse None Waste transformation of waste to regain for economy,
regeneration instead of disposal (2), using
Rethink None materials with zero waste, minimum waste,
ringing waste back to economy, preventing
Reduce reduce (5) waste (3)
Reuse reuse (6) and long term, Economic design, value added product, transformative
advantage products, shaping economy, profitability,
Repair repair (2) opportunity cost, marginalism, effective
. markets, competitive advantage, repetition of
Refurbish renew (2) economy, econometrics, saving
Remanufacture [None Sustainability |sustainability (3), long term use (3),
transforming society- not consuming (2),
Repurpose None regenerative energy, regenerative, repeating,
ongoing, operating
Recycle recycle (14), recycle & long term, recycle [Production  |production, quality increase, sustainable
& profitability (2), using recyclable processes production & raw material process, efficient
materials, production based on recycle, a prod. for the manufacturing industry,
production & consumption based recycle optimization
recyclable process
Recover None

3.2 Motivations to circular economy

Companies are adopting circular economy strategies to enhance sustainability, gain
competitive advantage, and expand into new markets. Import-export regulations are crucial
for Turkish furniture manufacturers to implement circular economy strategies, particularly in
European countries. Local engagement with municipal regulations also influences waste
reduction, leading to the development of specific waste management and treatment protocols.
These factors are intertwined in achieving sustainable growth.

3.2.1. Environmental protection, reduction of waste and energy costs

Reducing waste generation (26,76%) and sustainability strategy (26,76%) were mentioned
as top-ranking benefits of adopt CE (Figure 2a) which were similar with the existing literature
and did not highlight a nuance between developed and developing countries. Mostly
economic factors such as increasing resource prices and scarcity (27.94 %), and energy saving
and environmental protection (26,47 %) were found to be the top-ranking factors promoting
the intention to implement the circular economy by Inegdl exporters (Figure 2b). Energy
saving and environmental protection were also mentioned by Kumar et. al. (2019) as the top-
ranking factor in developed countries.
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Waste reduction (20.16 %) and environmental protection (18.55 %) were identified as the
most attractive drivers to implement CE (Figure 2c) which differs from the existing literature.
While Kumar et. al (2019) illustrated that sustainability and new ideas related with production
are major drivers to attract manufacturers to implement CE in addition to waste reduction.

Fig. 2a: Which of the following benefits you are expected to achieve by | Fig. 2b: What factors promote your intention to implement the circular

the Circular Economy? economy?
No idea I 7 Financial incentives and tax breaks 12
Other W1 Energy saving and environmental protection I 18

Sustainability strategy I () Increasing public pressure 11
Reducing the waste generation — IEEEEEEEEE—GGGEGEG— 10 Increasing waste disposal costs NN 9

Entering new markets NG 10 Difficulty in supplying raw materials and increasing raw material prices ~ EEGEG_=G—_G— 19

Competitive advantage I 1{ Others M2
Improved public relations ~EEEGEG—_—E— G Noidea HEET
0 5 10 15 20 0 5101520

Fig. 2¢c: What drivers attract you to implement the Circular Economy? Fig. 2d: What are the external barriers that your organization has faced or

would potentially face while implementing the Circular Economy?

Noidea g
Other m1 Noidea G 1 1
State-of-art technologies — m— g
Other NN 3

{1
{5
_— 4

Transformational innovations
New ideas related with production
Mutually beneficial relationships

Inadequate policies and legislations NG {4

. . |
Environmental protection 23 Lack of customer interest 7
Sustainability 20 Lack of governmental incentives I MG 10
Waste reduction 25
Public health S —— 12 Unavailability of appropriate partners I | 2
0 75 15 225 30 0 3,5 7 10,5 14
Fig. 2e: What prevents you to implement the Circular Economy? Fig. 2f: What is the main social barriers for you against the
implementation of the Circular Economy? (n=35)
Noidea e {(
Other w5 Lack of expert personnel and Investment cost for advanced technol(o)g;es - g
ther B2
Lack of personnal with an expetrlllse on the circular economy 18 Lack of public awareness and understanding of the principles  m—13
Lack of willingness of the management 113 Lack of demand to remanufactured products due to appearance 11
The cost of investment for advanced technologies  EEEEE 8 Reluctance to replace old products even they reach to their end-of-life phase 4
Company culture NS 8 Reluctance and risk aversion of managers against the implementation of CE == 6
0 9 18 0 7 14

Fig. 2g: What is the main economic barrier inhibiting the implementation
of the Circular Economy? (n=35)

Fig. 2h: What is the main environmental barrier inhibiting the implementation of
the Circular Economy?

No, idea NN 8 No idea NG 10
Other HEE3
Other W1
Low customer acceptance of remanufactured products I 1
i . , Inadequate waste resource management systems NN O
Lack of appropriate partners in supply chains 1l 2
Low cost of virgin materials HEE 3 Scavenger and decomposer companies do not have enough capacity N 8
Lack of financial support mechanism and tax incentives NN 5 Unregulated e-waste recovery sector I 7
0 35 7 105 14 02557510

Fig. 2i: What is the main technological barrier inhibiting the
implementation of the Circular Economy?

Fig. 2j: What is the main legislative barrier inhibiting the implementation of the
Circular Economy?

Noidea —mQ N%ﬁiﬁ T
Inadequate technical capabilities of the workers and lack of expertise I 8 Recycling policies are ineffective =
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Figure 2. Findings Related to the Benefits and Barriers to CE
3.2.2. Reuse of materials and components
We inquired about the exemplary activities undertaken by the respondents’ companies

about the circular economy. Three respondents elaborated on the use of faulty products and
waste for R&D purposes and samples. Respondents indicated that the residual materials from
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the wooden frame, fabric, and polyurethane foam, which have not been sold, are frequently
utilized as a filler for cushions. One participant indicated that wood pieces that would
otherwise be destined for recycling are utilized for the production of regular products.
Additionally, respondents noted the reuse of packaging waste and further elaborated that
sponges and nylon are recycled. One of the respondents elaborated in detail about the
activities in the company related circular economy and concluded with an example of CE
implementation: “...CE is about creating different values from a single material, for example,
designing a coffee table from the remaining part of a ceramic painting after being used on the
table.”

3.2.3. Introduction of supportive legislations and potential export markets

The furniture companies in inegél are prohibited from discarding waste materials such as
particleboard, MDF board, fabric, and sponges according to our interviewee (Interviewee 1,
2024). These waste materials are collected in separate containers designated for each
company and the companies pay a certain fee for these containers. While particleboard
materials are sent back to production factories for recycling, sponge and fabric remnants can
be recycled to some extent. Consequently, it can be argued that the improvements in the
companies’ sustainability performances, especially in terms of recycling, are a consequence of
local municipalities' waste management legislation.

3.2.4. Economic advantage

Existing research on furniture clusters indicates that CE necessitates a diversification of
practices beyond conventional recycling (Ghisellini and Ulgiati, 2020). Furthermore, our
findings suggest that the furniture industry of Inegél tends to approach CE from an economic
advantage perspective. They anticipate that CE might enhance their profitability, gather
competitive advantage, facilitate the development of value-added products, and facilitate cost
reduction through transformative products. However, they were unable to identify any
production process-related innovations that could support such a change except optimisation,
quality and efficiency. Consequently, it can be argued that the industry is still unfamiliar with
higher-order strategies such as the waste hierarchy, design-driven sustainability and business
model innovation.

3.3 Barriers to circular economy
3.3.1 Lack of government policies

Participants were asked about the CE barriers from the social, economic, environmental,
technological and legislative perspectives. Remarkably, companies recognize inadequate
policies and legislations (24,6%), and the unavailability of suitable partners (21%) as a
significant external barrier to overcome in implementing CE initiatives as illustrated in Figure
2d. The lack of government incentives was identified as the top-ranking factor in developed
countries (Kumar et al, 2019). In our study, 37.14 % of the participants stated the lack of
public awareness and understanding as the main social barrier to CE. This finding is parallel
with the existing literature (Kumar et al. 2019; Benton et al., 2015). There is an effective
resource management in the scope of forestry according to the interviewee. However, it is not
possible to claim that industrial forestry or similar applications are encouraged with
regulations (Interviewee 1, 2024).

While circularity in Europe is supported by the state, inegél is still developing in terms of
sustainability since such support has not yet developed in Turkiye. (Interviewee 1, 2024).
They may lack preparation about the directives in the framework of the Green Deal which
will be implicated in the near future. Yet, the lack of government-level plans and detailed net-
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zero CO2 plans also make the process challenging for firms. Many industries will probably
experience a decline in market share including the Turkish furniture industry which currently
has Germany as its second largest export market. As our interviewee highlighted, Inegél in
terms of CE applications in the context of the Green Deal has initiated four EU-supported
projects all of which relate to the use of renewable energy sources (Interviewee 1, 2024). On
the other hand, our interviewee claims that the Inegél furniture exporters will quickly respond
to the changing legislations and market expectations:

Inegol has the capacity to adapt to the trend of circular economy and sustainable
design when it becomes a global trend as a city and production center that follows
trends. The trends always come from the West and we follow them. So far, we have not
observed a dominant trend for circular furniture design in the global market. When we
do, we will be ready to adapt to it as usual. (Interviewee 1, 2024)

A recent case study of a furniture company in Turkiye revealed that the evaluated
company’s operations aligned with CE principles (Senkal, 2023). Germany is part of the
Green Deal initiative as a significant export market for Turkiye. Therefore, Turkiye should
adopt the Net Zero CO2 Plan until 2026 despite currently lacking policies in this area
(TUSIAD, 2021). Consequently, it is possible that Tlrkiye may have to consider shifting its
export markets instead of fully adopting the Green Deal goals. Demirel and Kesidou (2019)
posit that companies must cultivate their capabilities to effectively navigate regulatory
processes.

3.3.2. Lack of partnerships and expertise

Although industrial symbiosis and supply chain collaborations are highlighted as critical
CE strategies in the scope of furniture industry (Susanty et al., 2020; Oliveria et al. 2020), our
respondents exhibit less enthusiasm towards embracing mutual benefits or fostering increased
industrial symbiosis such as an ecosystem approach through circular economy transitions as
seen in Figure 2c. This reluctance could stem from a limited perception of the potential
mutual benefits between industries or a relatively conservative stance towards adopting
circular transformational innovations in the Global South.

As seen in Figure 2e, respondents identify a lack of personnel having expertise in CE as a
factor preventing them to implement CE (n=18). This perception may deter their adoption of
circular practices. Furniture manufacturers of Inegél perceive the cost of advanced technology
investment as a less important factor (Figure 2e) compared to the survey results of Kumar et.
al. (2019) which points out investment for advanced technologies as the main factor
preventing companies to implement CE strategies. The reason behind this difference might be
stemming from the industry’s perception of circular products and processes as not requiring
technological novelty.

3.3.3 Lack of public awareness and consumer interest

Inegol’s furniture manufacturers consider increasing public pressure notably less as a
factor promoting their intention to implement circular economy (Figure 2b) which might be a
common barrier for industries of the Global South to adopt CE strategies compared to the
results of the study of Kumar et. al. (2019).

From the economic perspective low customer acceptance of remanufactured products with
40% was identified as the main barrier which does not align with the findings of Kumar et al.
(2019) and Benton et al. (2015). The former study identified the lack of appropriate partners
in the supply chain and the latter study mentioned the lack of financial support mechanisms as
the main barriers. However, Hazen et al. (2017) identified consumer’s attitudes toward
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remanufactured products as an important moderating factor in predicting consumer switching
behaviour to remanufactured products. Panwar (2023) highlighted the importance of
cultivating market support and pushing for regulations at the same time. We conclude that
Global South customers are less willing to accept remanufactured products compared to
Global North customers according to the industry.

Existing research indicates that levels of public awareness and pressure concerning
sustainability are relatively low in Tirkiye compared to EU countries (Korkmaz, 2018; Nazli,
2016). Consequently, increasing public pressure is not a motivating factor for companies to
adopt CE strategies as illustrated in Figure 2b. However, respondents identify lack of public
awareness (Figure 2f) and understanding about CE principles (n=13) as the main social
barrier for implementing CE strategies. Similarly, low consumer acceptance of
remanufactured products (n=14) represents a significant social and economic barrier impeding
the implementation of circular economy practices in Turkiye as illustrated in Figure 2g.

3.3.4. Lack of understanding on CE obstacles

Figures 2h and 2i demonstrate that furniture manufacturers in Inegdl lack a clear
understanding of the environmental and technological obstacles associated with the circular
economy. 28.57% of participants indicated that they were unaware followed by 27.71% who
cited inadequate resource and waste management systems with regard to environmental
barriers. We identified a significant emphasis on recycling in open-ended questions which
allowed us to conclude that the respondents’ awareness and knowledge of the circular
economy is limited and often only linked to waste and resource management. Kumar et al.
(2019) have also identified inadequate waste and resource management systems as the key
environmental barriers to CE. The lack of advanced technology was identified as the primary
obstacle (25.71%) from the perspective of technical barriers in alignment with existing
research (Kumar et al., 2019).

Regarding legislative barriers, 40% of the participants stated that they had no idea which
was expected since there was little trace of CE awareness and applications in a developing
country context. Ineffective recycling policies and tax regulations were identified as the most
important factors in developed countries. De Jesus and Mendonca (2017) claim that academic
literature still focuses mostly on technologically-based innovation and grey literature sources
(and in particular EU reports) increasingly refer to systemic innovation barriers in CE. We
identified both technological and systemic barriers to CE in our study. On the other hand, we
believe that it is important to point out the high ratio observed in the “I have no idea” choice.
Figure 3 demonstrates the ratio of the ‘I have no idea’ responses for each factor.

Ratio of “I have no idea” respondents (%)

40

40
35
30 25,71 25,71 27

)5 22,86
20

15

10
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0

Economic barrier Social barriers ~ Technological ~ Environmental Legislative
barrier barrier barrier

Figure 3. Rate of “No Idea” Respondents on External Factors
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At least one fifth of the population was unaware of the barriers related to the CE as
illustrated in Figure 3. This may be considered as a sign of low awareness about CE. In
particular, legislative barriers were the least familiar to our participants compared to all
external factors. They were found to be quite confusing and difficult for them to envision.

3.4. Patterns of adoption of CE strategies in global south

Companies in emerging markets may voluntarily enhance their processes in response to
customer expectations or in alignment with their differentiation strategies (Tatoglu et al.,
2020). Our findings indicate that furniture manufacturers in inegdl are attempting to improve
their products and processes in response to external factors such as the potential loss of a
market or the introduction of new legislation. This may be a common pattern in the Global
South.

Industries are more willing to adopt CE strategies that have primarily cost-cutting effects
such as waste reduction, process optimization, recycling, reuse, and renewable energy use;
and are more distant from innovations that require long-term relationships, technological
investment and systemic changes. The results don’t support new ideas or innovation
expectations in our findings. The respondents were mainly concerned with the optimization of
processes and efficiency to tackle the challenges of CE transitions while design and
innovation were not identified among their top strategies. Additionally, government policies,
legislations and market pressure might be a driving engine for industries in the Global South.

3.4.1 Design and policy implications

Our study shows that furniture firms in Inegdl have material selection level design
strategies and process optimisation approaches for CE. However, the circular design also
covers more advanced approaches such as modularisation, extended producer responsibility
and improved repairability. Implementation of such strategies requires the cooperation of
various sectors. The introduction of government policies that support cross-industry
partnerships and legislation that incentivises industry transition to respond to advanced
market requirements will be beneficial for CE transitions in the Global South. Furthermore,
industry awareness of CE strategies, benefits and barriers can be increased through training
programmes, university-industry collaborations and CE-focused competitions and fairs.

4  Conclusions

This study aimed to reach the large population of the inegél furniture manufacturers and
reflects the preliminary results of the research due to the limited number of respondents (20%
of total population). It is not possible to claim that the study represents statistically
meaningful results, yet, survey results provided enough data (n=40) to analyse the awareness
levels qualitatively. Increasing the number of semi-structured interviews with participants not
only from the manufacturers but also from local municipalities and policy makers would be a
future study to gain a better understanding about the ecosystem and to develop elaborated
policy recommendations.

e In our study, awareness related to CE was found to be low among furniture exporters
of Inegdl. We identified substantial emphasis on recycling and resource management
in open-ended questions. CE related exemplary applications were confined to the
reuse of materials such as sponge, nylon, wood and ceramic. This can be also
considered as a sign of the limited awareness and knowledge of the respondents about
CE.

e According to our study, cost saving and efficiency are prominent motivational factors
related to the circular economy which reflects the Global South perspective.
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e We also found that customers from the Global South are less willing to accept
remanufactured products compared to the developed market customers.

e Looking from a design and innovation perspective, existing literature states that in
addition to waste reduction, new ideas related with production are major drivers to
attract manufacturers to implement CE in the Global North where redesigning
products with CE perspective from the very beginning turns out to be important
(Briguglio et al., 2021). We have identified limited emphasis given on innovation
through CE in the Global South in our study.

e To adopt the Net Zero CO2 Plan, Turkiye lacks policies and furniture manufacturers
lack awareness. So, there is a possibility that Turkiye may lose its EU furniture
markets after 2026 and shift its export markets to other geographies
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Ahsap malzemede kerf kesim teknigi iizerine bir degerlendirme
Gokee Kirkpmar*, Yenal Akgiin?"(2), Matthieu Joseph Pedergnana®

OZ: Ahsap, geleneksel endiistriyel yap1 malzemelerine kiyasla sagladig1 hafiflik ve ¢evresel
avantajlar ile mimarlar, i¢ mimarlar ve mobilya tasarimcilart i¢in her zaman ilham kaynagi
olmustur. Ahsap, uygun kalinliklarda dogru kesim ve iiretim teknikleri uygulandiginda esnek
bir yapiya doniistiiriilebilmektedir. Bu esnekligi kazandirma ydntemlerinden birisi de kerf
kesim teknigidir. Kerf kesim teknigi, bir panel iizerinde belirli bir desen veya sekil
olusturmak i¢in kesimler yaparak sert bir malzemeyi esnek hale getirmeye dayanir. Bu sayede
karmasik fabrikasyon yontemlerine ve ileri teknoloji malzemelere ihtiya¢c duymadan, esnek ve
sekil degistirme Ozelligine sahip mimari elemanlar ve mobilya iiriinleri tasarlanabilir. Bu
calismada, kerf kesim tekniginin ahsap iirlinlerdeki kullanim alanlar1 incelenerek kesim
teknolojileri, iiretim teknikleri, kesim tipleri ve desen tiirleri lizerinden bir smiflandirma
yapilmaktadir. Kerf kesim tekniginin ahsap isleri alaninda 6nemini ve son yillarda artan ilgiyi
vurgulayan bu calisma, tasarimcilar ve f{ireticiler i¢in yenilikgi bir iiretim yOntemi
sunmaktadir. Bu teknik, esnek ve estetik agidan 6zgiin tasarimlarin gelistirilmesine katkida
bulunarak ahsap iiriinlerin kullanim alanlarin1 genisletme potansiyeline sahiptir.

Anahtar kelimeler: Ahsap, mimarlikta adaptasyon, adaptif malzemeler, kerf teknigi, egilme

An evaluation of the kerf-cutting technique in wood

ABSTRACT: Wood has always been a source of inspiration for architects, interior designers,
and furniture designers due to its lightness and environmental advantages compared to
conventional building materials. Through the application of proper cutting and production
techniques, wood can be transformed into a flexible structure. One such method is kerf-
cutting. This technique is based on making cuts on a panel to form a specific pattern or shape,
allowing a rigid material to become flexible. In this way, architectural elements and furniture
products with flexible and shape-changing properties can be designed without the need for
complex fabrication methods and advanced materials. This study examines the use of kerf-
cutting in wood products and classifies them based on cutting technologies, production
techniques, cutting types, and pattern types. Emphasizing the importance of the kerf-cutting
technique in the field of woodworking and the increasing interest in recent years, this study
offers an innovative production method for designers and manufacturers. This technique has
the potential to expand the usage areas of wood products by contributing to the development
of flexible and aesthetically unique designs.
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1 Giris

Gunimuzde esnek ve/ veya uyarlanabilir yiizeylerin iiretimi mimarlikta popiiler bir
arastirma konusudur ve birgok caligma bu 6zelliklere sahip yuzeyler elde etmek i¢in malzeme
veya Uretim teknikleri gelistirmeye odaklanmaktadir. Kerf teknigi bu tarz ylzeyleri retmek
icin kullanilabilecek gorece basit yontemlerden birisidir. Bu yontem, temelde sert ve
dizlemsel malzemeler (izerinde cesitli yontemlerle eksiltme yapilarak esnek yiizeyler
olusturulmasma dayanir. Karmasik geometriye sahip ve esnek yiizeyler olusturmak igin
kullanilan bu teknik, mimariden, mobilya sektdriine, hatta miizik enstriimanlarmin imalatina
kadar ¢esitli alanlarda kullanilmaktadir (Shadid ve ark., 2021).

Bu makalenin temel amaci; kerf kesim teknigi kullanilarak kesim, desen ve ahsap tiplerine
bagl olarak sert bir panele kazandirilan esnekligin kullanim alanlarini ortaya koymak ve bu
kesim tekniginin potansiyelini incelemektir. Kerf kesim tekniginin tasarim prensiplerinin
anlasilmasi i¢in makalede Oncelikle temel kavramlar ve malzeme tiirleri agiklanmaktadir.
Daha sonra, kesim teknigi, tiretim teknigi ve kesim tipi 6zelliklerine gore farklilik gdsteren
ahsap malzemenin esneklik kabiliyeti Ornekler Uzerinden incelenerek bigimlendirdigi
yenilik¢i tasarimlar tartisilmaktadir. Son olarak, kerf kesim teknigi kullanilarak iiretilen ahsap
irlin ve prototiplerin, gelecekteki uygulamalarda iiretim ve kullanim potansiyellerinin
belirlenmesi agisindan bir siniflandirma yapilmaktadir.

2 Temel Kavramlar

Kerf teknigi, sert bir panelden malzeme cksiltilerek, kesilen panelin egilme direncinin
degistirilmesi ve esnek bir malzemeye doniistiiriilmesi islemidir (Zarrinmehr, 2017). Secilen
desene bagl olarak kesilerek kazanilan bosluklar sayesinde sert panel bir yonde esneklik
(egilme ve biikiilme yetenegi) kazanirken diger yonde saglamligini korumaktadir (Capone ve
Lanzara, 2019a) (Sekil 1). Bu eksiltme islemi literatlirde robotik kollar, freze veya daire
testere gibi kesme ekipmanlariyla gergeklestirilmektedir. Farkli tip, karakter ve esneklikte
ylizeyler olusturabilmek i¢in 6zellikle ahsap ve metal paneller iizerine karmasik desenler
uygulanabilmektedir. Malzemenin esnekligini olustururken, ayn1 zamanda dayanikliligini da
korumanin en 6nemli adimi, dogru kerf derinligini, desenini ve araligini belirlemektir. Panelin
egriligi malzemeye, desen tipine, panel kalinligina ve kerf tipine baglhdir.

Biikiilme payi

Sekil 1. Kerf teknigi yardimiyla esnek bir malzemeye doniisen sert bir panel

Bu teknik uygulanirken panel Gzerinde “kerf” ya da “centik” adi verilen siirekli bir ¢izgi
olugturmak gerekir. Ahsap tizerinde kerf agma iglemi sirasinda testere bigagi, lazer veya
agindirict bigak kullanilmaktadir. Bu kesici takimlarin panel iizerinde olusturduklar1 ¢izgi
kalinliklar1 malzemenin cinsine ve kalinligina gore degismektedir. Ahsap malzemelerde lazer
kesim giicii, kesme hiz1 ve koruyucu gaz gibi parametreler kesim kalitesi agisindan oldukga
onemlidir (Khan ve ark., 1991). Ahsaba kerf teknigi uygulanirken ¢entigi daha etkili hale
getireceginden derin ve dar kesimler tercih edilmektedir (Guo ve ark., 2021). iki ana
parametre olan kesme derinligi ve kesme yonl (damar yoniine dik veya paralel) kesme hizini
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da etkilemektedir. Ahsabin damar yonune paralel kerf agilarak kesilmesi, daha dar ve derin
kesimlere ve daha yiiksek verimlilige yol agmaktadir (Guo ve ark., 2021), (Vay ve ark, 2015).

erf genisligi Kerf genisliginin yayilma yonu Kerf genisliginin yayilma yonii
genislig . o y o

| K
i &
&
&
&
’ o
\ &
’ , ' Paralel kesim 4 Dikey kesim

Sekil 2. Damar yonine paralel ve damar yoniine dik kerf kesimin sematik diyagrami

Kerf derinligi

Kerf teknigi ile tiretilmis esneme kabiliyeti ahsabin kalinligina, cinsine ve 6zelliklerine
gore degismektedir. panellerin Menges (2016), esnekligi korurken minimum malzeme
azaltimi saglayacak sekilde optimum kerf derinligini ve genisligini belirlemek icin testler
uygulamistir. Kerf derinliginin kerf uzunlugu boyunca sabit tutuldugu bu ¢aligmada gerilim
arttikca kerf derinliklerinin buna baglh olarak kademeli bir sekilde degistigi goriilmiistiir
(Sekil 3).

Maksimum Kesme Hizi (mm/s)

‘ ;almllk (mm)
Sekil 3. Maksimum kesme hizi ile kalinlik arasindaki iliski (Boutinguiza ve ark., 2002)
2.1 Kesim Teknigi

Panellerin kesilmesi ve desen elde edilmesinde literatiirde hem geleneksel hem de ileri
teknoloji teknikler kullanilmaktadir. Geleneksel yontem olarak kullanilan testerenin yani sira
dort farkli yeni teknoloji kesim teknigi bulunmaktadir: CNC (bilgisayarli sayisal kontrol)
tabanli testere ile kesme, plazma 1smla kesme (PBC), asindirict su jetiyle kesme (AWJC) ve
lazer 151nla kesme (LBC) (Holterman, 2018). Farkli kerf modelleri olusturulurken her teknigin
bazi avantaj ve dezavantajlar1 oldugundan islenecek kerf modeline goére uygun kesim
tekniginin secilmesi en 6nemli adimlardan biridir.

CNC kesim, bilgisayar programlama kullanilarak panel tizerindeki kesici takimin belirli bir
hiz ve yonde hareket ettirilmesine dayanmaktadir. Bu islem panelin hassas bir sekilde
kesilmesini saglamaktadir (Thomasnet, 2018). CNC kesim, freze uglari, matkaplar, testereler,
su jeti kesiciler ve gelismis endiistriyel robotlar gibi birden fazla kesici aletin kullanimima
olanak tanimaktadir (Breaz ve ark, 2017).

Robotik kollar CNC tezgahlarina gore daha 6zel islevlere sahip makinelerdir (Zhang ve
ark., 2005). Gelismis programlama yetenekleri ve kanitlanmis uyarlanabilirlik ve esneklik
kapasiteleri sayesinde kendilerini farklilagtirarak maliyet diistislerine neden olmaktadirlar
(Perez-Ubeda ve ark., 2018). Ayrica robotik kollarla frezeleme, gelencksel CNC tezgahlarda
yapilan frezelemeye gore islenmesi zor amorf yiizeylerin elde edilmesini kolaylastirmaktadir
(Thomasnet, 2018).
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Sekil 4. Testere bigagiyla kerf agma

Testere bicagiyla kerf agmak, genellikle dekoratif sekiller olusturmak, bir ahsabin
kenarlarinda kivrimlar olusturmak ve esneklik kazandirmak amaciyla kullanilmaktadir. Bu
yontemde testere bicagi kullanilarak bir dizi ¢entikli s1§ kesimler yapilarak istenilen sonug
elde edilmektedir (Aguilera ve Martin, 2001) (Sekil 4).

Asindirict su jeti ile kesme (AWJC) ve su jeti ile kesme (WJC), cesitli endiistriyel
sektorlerde kullanilmaktadir. Ozellikle karmasik malzemelerin kesilmesinde etkili olan bu
aletler yiiksek performansli malzemelerle calisirken de verimliligi en {st diizeye
cikarmaktadirlar. Bu yaklasimin 6nemli bir faydasi, panellerin termal strese maruz kalmasimni
onleyerek panellerin yapisal biitlinliigiinii koruyabilmesidir (Barabas ve Florescu, 2019).

Lazer kesim, metal, plastik veya ahsap gibi malzemelerin kesilmesinde kullanilmaktadir.
Manuel miidahale gerektirmeyen ve hizli bir islem olmasi sebebiyle maliyet ve verimlilige
katk1 saglamaktadir. Lazer kesim sirasinda 1s1 iletkenliginin diisiik olmas1 nedeniyle en iyi
sonucu veren malzeme ahsaptir (Sharma ve Yadava, 2017). Sonug olarak lazer kesim, hassas,
hizl1 ve uygun maliyetli 6zellikleri sayesinde farkli endiistri ve uygulamalarda kullanilmasi
oldukca avantajli oldugundan tercih edilen bir yontemdir (Cizelge 1.).

Cizelge 1. Kesim tekniklerinin karsilastirilmasi

Olas1 Malzeme

Teknikler Avantajlar Dezavantajlar Referans
Kullanim
Metal Hassasivet Panel kalinligr arttikga
Asindirici Su Jeti Plastik astyct kesimler yavaglar ve Barabas & Florescu, 2019
Cok yonliiliik . .
Ahsap hassasiyetleri azalir.
- Panel kalinlig1 metal hari¢ en
. Metgl Hassasiyet fazla 12 mm olmalidir. Belforte & Jefferson, 2016
Lazer Kesim Plastik Hiz . .
Ahsa Uveun Malivet Kesilen yiizeylerde Sharma & Yadava, 2017
$ap ve y komiirlesme olusmaktadir.
.. R Metal Kiigiik Boy Hafif I¢c Bozunma,
Yutsek (l}uc;lu Plastik Yiiksek Elektro- Ayna Yiizii Bozulmasi, Smorfitt v:rakrk.é 529 29 9 Song ve
azerier Ahsap optik Elektrot Bozulmasi ”
Metal Kesinlik .
< - et Maliyet, Bosluk Skoblar ve ark.. 2016
Testere bicagi Plastik Cok yonliilik e ) ;
Ahsap Veterlik Uzay, Bakim, Giiriilti Aguilera & Martin, 2001

2.2 Imalat Teknigi

Imalat teknikleri, malzeme ve kesim tekniklerinin bir araya getirilmesiyle bir triin elde
etme islemidir. Seg¢ilen malzemeye, uygulanan teknige ve elde edilmek istenen sonuca gore
stire¢ degismektedir (Capone ve Lanzara, 2019b).

Kerf morfolojisi, bir kesme islemiyle olusturulan bir kesik veya olugun 6zelliklerini ifade
etmektedir. Kerf morfolojisi dogrudan kesme yontemine, kesme hizina, kesme derinligine ve
genisligine ve kesilen malzemenin 6zelliklerine baghdir. Kerf morfolojisi, kesme isleminde
cok onemli bir rol oynayan kesici aletin hareketinden kaynaklanan kesinin seklini ifade
etmektedir (Guzelci ve ark., 2016). Tipik olarak kerf, 30-45 derece civarinda bir egim agisina
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sahip, genis V seklinde bir form sunmaktadir. Bu sekil, kesme islemi sirasinda karsilagilan
direngten etkilenen kesici takim ile malzeme arasindaki dinamik etkilesimden ortaya
cikmaktadir. Daha da onemlisi, bu seklin 6zellikleri kesici takimin se¢imi, ¢aligma hizi ve
kesilen malzemenin 6zellikleri gibi faktorlere bagli olarak degisiklik gostermektedir.

2.3  Kesim Tasarnnm Sireci

Kerf i¢in {i¢ ana kesim tiirii kullanilmaktadir: panelin bir tarafinda kesim, panelin her iki
tarafinda kesim ve panel boyunca kesim. Her kesme tipi farkli esneklikle sonuglanmaktadir.

2.3.1 Panelin bir tarafinda kesme

Panelin tek bir tarafindan kesim, literatiirdeki 6rnekler incelendiginde en konvansiyonel
kesim yaklasimi olup, kerf kesimi panelin yalnizca bir tarafina uygulanmaktadir. Bu yontem,
paralel kesme (kesilen panelin kenarlarina paralel olusturulan kerfler) ve agili kesim (kesilen
panelin kenarlarina agili olarak olusturulan Kerfler) olmak tizere iki farkli teknigi
barindirmaktadir. Bu yontem ile tek egrilikli yiizeyler elde edilebilirken, elde edilen yiizeyin
esnekligi, kesiklerin araligi, derinligi ve agisina gore belirlenmektedir (Capone ve Lanzara,
2019a). Kesiklerin derinligi ve kesilmeyen tarafta kalan malzemenin kalinligi malzeme tiiriine
gore degismektedir. Kesme yoOntemi, Cesitli kesme teknikleri kullanilarak farklilik
goOstermektedir. CNC tezgahlari, testereler, lazer kesiciler veya parametrik makineler
kullanilsa da, kesimler arasinda tutarli bir aralik birakilmasi diizglin egriler saglamaktadir
(Menges, 2016) (Sekil 5).

1

30

2.3.2 Panelin her iki tarafindan kesme

Ikinci yontem daha gelismis kesim teknikleri igeren bir kerf teknigidir ve belirli kurallara
gore panelin her iki tarafinda siirekli bir kesme islemini gerektirmektedir. Dukta DUNA,
panelin her iki tarafinin da desenli kesime tabi tutuldugu bir kesim tipidir. Bu modeller iki
tarafta kesiserek, tek yonlii bir hareketten ¢ok yonlii bir harekete gec¢is yaparak esnekligin
artmasmna neden olmaktadir. Islem, panellerin her iki tarafinin kesilmesiyle ¢ift egrilikli
yiizeyler elde edilmesini saglamaktadir. Ayrica, bu parametrik yontem kesimlere hassasiyet
kazandirmaktadir (Capone ve Lanzara, 2019a) (Sekil 6).

a. Dukta SONAR b. Dukta DUNA ¢. Dukta LINAR

o

Sekil 6. Kerf Tabanli Kompleks Ahsap Sistemler (Menges, 2010)
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2.3.3 Panel kahnhginca kesme

Bu teknik, olusturulmak istenen esneme yoniine bagli olarak kesim geometrisinin
belirlenmesiyle elde edilen, ve literatiirde "ihtiya¢ duyulan yerden kesme" olarak tanimlanan
bir ileri kesme teknigidir. Bu gelismis kerf tekniginde kesimler panelin her iki yaninda ¢apraz
olarak devam ettirilmektedir. Bu yontem, ahsap panelin U¢ boyutlu sekillerde biikiilmesine
olanak taniyarak c¢ift egrilikli yilizeylere imkan vermektedir. Egrilerin diizgiin olmasi igin
bosluklarmn ¢ok diizgiin islenmesi gerekmektedir (Bianconi ve Filippucci, 2020) (Sekil 7).

Sekil 7. Panel kalinliginca kesim tasarimlari, (Bianconi ve Filippucci, 2020)

Munoz ve ark. (2011)’nin arastirmasina gore kesme ¢entigi adini verdigi panel kalinligini
isleyen ileri kerf teknikleri dort ana grupta incelenmektedir:

1. Sarmal Kerf: Panelin ortasindan kenarlarina kadar tek veya cift sira halinde devam
ettirilen kerf yontemidir. Siirekli bir kesme islemi ile elde edilmektedir. Esneklik yoni diktir
(Sekil 7a).

2. Sacak Kerf: Panel tzerinde geometrik bir kural takip edilerek tiim yizeyi kaplayan kerf
yontemidir. Bu yontemde yiizeyin kenarlar1 da islenerek kerflerin uzunluguna ve uyduklari
geometrik kurala bagli olarak esneklik elde edilmektedir (Sekil 7b).

3. Zig Zag Kerf: Panelin kenarindan baslayip yavas yavas merkeze dogru devam eden
kerf teknigidir. Bu yontemde kerflerin tekrarina, birbirleriyle iliskilerine ve panel kalinligina
bagli olarak esneklik elde edilmektedir. Ayrica mobilya tasarimlarinda kerf ile kerf sekli
arasindaki uzunluk ¢ok onemli hale gelir ¢lnki bu tur kerfler esnekligi ¢ok yonlii hale
getirmektedir (Sekil 7¢).

4. Yarik Kerf: Panel lizerinde kafes deseni takip edilerek olusturulan kerf yontemidir. Bu
yontem dar panellerde islenerek panele dogrusal esneklik kazandwrmaktadir. Kerfin
kenarlarmin temasi smir olusturacagindan en 6nemli nokta bosluklardir (Sekil 7d).

Ayrica, 1978'de Schattschneider tarafindan adlandirilan, bir panele ¢ift yonli esneklik
kazandiran duvar kagidi olarak da adlandirilan desen Kkerf ise bir diger kerf kesim teknigidir.
Kerf, 1zgara diizeni kullanilarak desenlendirilmis olup, 1zgara kesisimleri paneli bir arada
tutan bir capa gorevi gormektedir. Buna karsilik desenlerin kesismedigi alanlarda esneklik ve
hareket elde edilmektedir. Esnekligin kapsami, malzemenin kalinliginin yani sira desen
1zgaralariin boyutu ve yoneliminden de etkilenmektedir (Guzelci ve ark., 2016) (Sekil 8).

S

Sekil 8. Cift yonlii esneklige sahip kerf deseni (Zarrinmehr, ve ark., 2017)
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Kullanilan spesifik desen tipine bagl olarak, 6nemli 6lciide esneklige sahip olan ve birden
fazla yonde harekete olanak taniyan yiizeyler olusturmak miimkiin hale gelmektedir
(Zarrinmehr ve ark., 2017).

2.4 Kerf Kesim i¢gin Uygun Malzemeler

Kerf teknigi, celik, aliiminyim, bakir ve titanyum gibi farkli metaller, masif ahsap bloklar
ve ahsap paneller, plastikler, kompozitlerde yaygin olarak kullanilmaktadir. Bunun yaninda,
malzemeye esneklik kazandirma amaci tagimasa da cam, seramik gibi malzemelerin birlesim
detaylarinda, ya da desen olusturulmasinda da bu teknikten yararlanilmaktadir.

2.4.1 Metal

Kerf kesme, malzemelere esneklik kazandirmak, bikkme ve sekillendirmeyi miimkiin
kilmak amaciyla metallerde de kullanilmaktadir. Karmagik desenlerin kesiminde uygun
malzeme kalinlig1 ve aletin kullanilmasiyla hassas kesimler kolaylasmaktadir. Ozellikle sert
alagimli ¢eligin kesilmesi i¢in CO2 lazer kullanildiginda, giic yogunlugu arttik¢a kerf genisligi
de artmaktadir. Lazer giiclindeki minimum degisiklik bile kerf boyutlarin1 biiylik Olciide
etkilemektedir (Uslan, 2005).

2.4.2 Seramik ve cam

Kesim teknigi diger malzeme kesimleriyle ayni islemleri takip ettiginden ve ayni
parametrelere bagli kaldigindan bu malzemelere uygulanan teknik de kerf olarak
adlandirilmaktadir. Bu malzemeleri keserken lazer 1sin1 veya su jeti kullanilmaktadir. (Tsai ve
Chen, 2003). Seramik karolar1 kesmek i¢in farkli kesme hizlar1 kullanildiginda, en Kritik
faktoriin, yliksek sicaklik degisim orami nedeniyle altliklarda olusan gatlak hasar1 oldugu
belirlenmistir (Black ve Chua, 1997).

2.4.3 Plastikler ve kompozitler

Kerf teknigi, plastik ve kompozitlere belirli sekil, boyut ve uzunluklarda kesilerek esneklik
ve sekil vermek icin de kullanilmaktadir. Bu sayede hassas kesimlerden ve karmasik
desenlerden olusan tasarimlar temiz iscilikle tretilmektedir. AKrilik, polikarbonat ve PVC
dahil ¢ok sayida diisik mukavemetli malzemenin tiimii ayni yOntem kullanilarak
islenebilmektedir (Caiazzo ve ark., 2005). Plastik sektoriinde karmasik formlarin hassas kesim
kalitesiyle kesilmesi i¢in de kerf kesme uygulamalar1 kullanilmaktadir.

2.4.4 Ahsap

Kerf teknigi, 6zellikle mobilya yapiminda ahsap malzemelerin esnekligini arttirmak icin
kullanilmaktadir. (Den Bulcke ve ark., 2009). Dogal ahsabin yani sira MDF, laminat ve
kontrplak gibi bircok ahsap isleme projesinde kullanilan ¢ok yonlii bir tekniktir. Ahsap
malzeme kategorisinde hafif bir malzeme olan kontrplak, diger se¢eneklere gore daha cok
tercih edilmektedir (Eltawahnia ve ark., 2013).

MDF veya Orta Yogunluklu Fiber Levha, ahsap elyaf parcalarinin ve polimerik re¢inenin
sikistirilmasiyla olusturulan ve yapisal olarak tutarli bir bilesim saglayan homojen bir
malzemedir (Chen ve ark., 2020). Lamine ahsap, paralel ahsap panellerin 1siyla sertlesen
regineler kullanilarak yapistirilmasiyla olusturulmaktadir. Bu ince ve ayr1 panel katmanlarinin
varhigi, kesme igslemi sirasinda gatlaklarin olusmasini engellemektedir (Peterson ve ark., 1981)
(Sekil 9). Masif ahgapta ise, kesimin ahsabin damari boyunca yapilmasi panel yizeyinde
diizgiin bir iscilik elde edilmesine olanak saglamaktadir (Pires, 1989). Ayrica kerf teknigi,
ahsap panellerde baglant1 noktalar1 olusturmak i¢in kullanilan bir isleme teknigidir. Teknik,
dogru islenerek gonye, bindirme ve pahli baglantilarin yapilmasi i¢in kullanilmaktadir. Ahsap
iriinler tretirken daha giiglii iirlinler elde etmek i¢in parcalar arasinda giiclii baglantilar
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olusturmak 6nemli bir adimdir. Bu teknik, ahsap parcalarin birlestirilmesi ve uygun yerlerden
kesimin yapilmasi amaciyla kullaniimaktadir.

Sekil 9. Gregg Fleishman'm kontrplak mobilya tasarimi, CNC imalat teknigi kullanilarak
iiretilmesi (Capone & Lanzara, 2019a).

3 Materyal ve Metot

Bu calismada, kerf kesim tekniginin ahsap iizerindeki uygulamalarini ortaya koymak
amaciyla geneli aksesuar, mobilya vb. olmak (zere 47 adet mimari Urlin incelenmistir. Bu
Urlinler, veri haritalama yontemi kullanilarak, ahsap tlrleri, kesim teknikleri, Uretim
teknikleri, kesim tipleri ve desen turleri Gizerine karakteristik ve teknik 6zellikleri belirlemek
amaciyla analiz edilmistir. Literatiirdeki dergi, makale ve akademik ¢alismalardan derlenen
bu tiriinlerden bilgilerine ulasilamayanlar tabloya eklenmemistir. Yapilan bu analiz ile birlikte
kerf kesim teknigi kullanilarak iiretilmis ahsap uyarlanabilir iirlinler detayli basliklar altinda
incelenmistir. Teknik Ozelliklerine gore gruplandirilan mimari elemanlarin smiflandirilma
tablosu ¢alismanin bulgular ve tartisma kisminda verilmistir.

4  Bulgular ve Tartisma

Bu calisma, literatiirde yer alan agac tiirleri, kesim tiirleri, kesi tiirleri ve bunlarin
sonucunda ortaya ¢ikan tdriinleri inceleyerek ahsap malzemelere uygulanan kerf kesme
tekniklerinin detayli bir analizini yapmay1 amaglamaktadir. Cizelge 2 de gortldigi gibi, 1985
yilindan bu yana kerf teknigi kullanilarak ylrQtulen akademik arastirmalar, prototipler, ticari
objeler gibi farkli iglevlere sahip birgok iiriin siniflandirilmaktadir.

Cizelge 2 de yer verilen ornekler detayli olarak arastirildiginda, yaklasik iicte birinin seri
Uretime gegmemis prototip ¢aligmalar1 oldugu goriilmektedir. Bu da kerf teknigi ile iiretilen
irinlerin seri iiretime ge¢mekten ziyade test odakli deneysel caligmalarda daha cok
goriildiiglinii gostermektedir.

Caligmalar arasinda biiylik ¢cogunlugu sandalye fonksiyonlu iiriinler olustururken, bunu
aydinlatma elemanlari, duvar panelleri ve heykeller takip etmektedir. Caligmanin tamaminda
ahsap tiirleri agisindan kontrplak, igin yarisindan fazlasimi olusturan baskin malzeme olarak
one ¢ikmaktadir. Bunu yakindan takip eden ikinci ve tiglincii sirada ise MDF (%21,3) ve hus
(%19,15) gelmektedir. Calismalarda en sik kullanilan kesi tipi yarik kerftir (%29,8) ve bu da
yayginligmmi gostermektedir. Karsilastirmalarda 6zellikle desen (%23,4) ve sagak centigi
(%10,65) 6ne ¢ikmaktadir (Sekil 10.).

61



Kwrkpinar ve ark., Mobilya ve Ahsap Malzeme Arastirmalart Dergisi, 7 (1), 54-69

Cizelge 2. Kerf teknigi projelerine gore Onerilen siniflandirmasi
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Cizelge 2’nin devami
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Cizelge 2’nin devami
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Cizelge 2’nin devami
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Sekil 10. Ahsap Kerf Uriinlerinin Karsilastirmalar

5 Sonuglar

Bu calismadan elde edilen sonuglar su sekilde siralanabilir:

Kerf kesme tekniginin kullanimi kontrplak malzemede ve yarik kesi tipinde belirgin
olarak goriilmekte ve yiiksek kullanim oran1 sergilemektedir.

Buna karsilik, akcaagac ve ceviz malzemesinin yani sira dogrusal ve duna kesi tiirleri
daha diisiik bir yayginlik géstermektedir.

Uriinlerin islevsel yonleri incelendiginde, sandalye tasarimlarmda kerf kesiminin
agirhikli olarak kullanildigi, aksesuar tasarimlarmin da hemen arkasindan geldigi
gorulmektedir.

Kesim parametlerine gore yon ve hareketlerini degistirebilmeleri ve birlesim noktasi
olmaksizin tek panelden yalnizca kesim teknigi ile islenerek elde edilebilmeleri
sebebiyle kerf teknik kullanilarak iiretilen ahsap iiriinlerin ilk 6rnekleri 1985 yillarina
dayansa bile son yillarda hizla ilgi gérmeye baslamistir.

Aksesuar ve prototiplerden mobilya iiretimine kadar genis kullanim alanlarinda
orneklerini gorebilecegimiz ahsap esash kerf kesimli {iriinler esneme yOnlerine ve
ozelliklerine gore cesitlilik gostererek inovatif tasarimlarm olusturulmasmma katki
saglamasi sayesinde ilgi odagi olmaya baslamistir.

Tasarlanan iiriinler i¢inde seri liretime ge¢cmemis olanlar cogunluktadir.

Kerf kesme teknigi kinetik iiriin tasarlanmasinda yaygin olarak kullanilmamaistir.
Cizelgelerdeki %15 kadar rln Kinetik objelerdir.

Bu baglamda, bu c¢alisma ahsap isleri alaninda bu kesme tekniklerinin Onemini
vurgulamaktadir. Bulgular, cesitli akademik makalelerde ve tasarimci bloglarinda acikca
goriilen, ahsapta kerf kesimi konusundaki ¢aligmalarin artan 6neminin altin1 ¢izmektedir.
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Gokece Kirkpmar: Kavramsallastrma (arastrma fikri ve amaglarmin gelistirilmesi),
aragtirmanin yapimasi, analizlerin yapilmasi, kaynaklar, gorsellestirme, makale taslak
olusturma, makale yazma Yenal Akgun: Kavramsallagtirma (aragtirma fikri ve amaclarinin
gelistirilmesi), proje yonetimi, metodolojinin belirlenmesi, arastirmanin yapilmasi, analizlerin
yapilmasi, veri iyilestirme, kaynaklar, gorsellestirme, makale yazma, inceleme ve diizenleme.
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Stress — deformation relations of Scotch Pine (Pinus sylvestris L.) wood
under different conditions

Ak Sendagl* . Nusret As?

ABSTRACT: Aim of this study is to determine the effect of moisture content on the stress
and deformation values of scotch pine (Pinus sylvestris L.) wood on bending strength,
modulus of elasticity in bending and compression strength parallel to the fibers values. These
were tested using TS ISO standards under air dry, over fiber saturation point (FSP) moisture
content, steamed over FSP and cooled conditions and stress — deformation values were
obtained. In addition, the stress and deformation values at the elastic limit and the
deformation values of the material after the elastic limit were examined. As a result, it was
determined that moisture content and steaming treatment caused decrease in all resistance
types but increased the amount of deformation. While the averages of the over FSP and
steamed samples were different in bending resistance and modulus of elasticity in bending, it
was determined that there was no difference between the pretreatment groups in compression
strength. It can be said that the strength and deformation values of the materials to be used
especially in high moisture content areas should be selected in accordance with the place of
use according to the results of the study.

Keywords: Scotch Pine, Steaming, Bending, Compression, Moisture, Deformation

Saricam (Pinus sylvestris L.) ahsabimin farkh kosullarda gerilme
deformasyon iliskileri

OZ: Bu calismanm amaci, sarigam (Pinus sylvestris L.) ahsabmm gerilme ve deformasyon
degerlerine rutubet miktarmin, lif yonlne paralel olarak egilme direnci, egilmede elastikiyet
modili ve basing direncine etkisini belirlemektir. Bunlar TS ISO standartlar1 kullanilarak
hava kurusu, lif doygunluk noktasi (LDN) tzerinde ve LDN {izerinde buharlama ve sogutma
kosullarinda test edilmis ve gerilme - deformasyon degerleri elde edilmistir. Ayrica elastik
smirda olugsan gerilme ve deformasyon degerleri ile malzemenin elastik smir sonrasi
gostermis oldugu deformasyon degerleri incelenmistir. Sonug olarak LDN {izeri rutubet ve
buharlama isleminin tiim diren¢ tiirlerinde azalmaya neden oldugu fakat deformasyon
miktarlarim arttirdig1 tespit edilmistir. Egilme direnci ve egilmede elastikiyet modiiliinde
LDN iizeri ve buharlanmis Orneklerin ortalamalar1 farkli iken basing¢ direncinde 6n islem
gruplarmin kendi arasinda farkli bulunmadigi tespit edilmistir. Calisma sonucunda elde edilen
bulgulara gore 6zellikle yiliksek rutubetli alanlarda kullanilacak olan malzemelerin direng ve
deformasyon degerlerinin  kullanom  yerine uygun olarak secilmesi  gerektigi
soylenebilmektedir.

Anahtar kelimeler: Sarigam, Buharlama, Egilme, Basing, Rutubet, Deformasyon
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1 Introduction

Wood is an important engineering material and has been used since ancient times. It is
important to know the properties of wood correctly to choose suitable materials for the place
of use. Scots pine (Pinus sylvestris L.), which is the most widely distributed pine species
throughout the world, can be found across Eurasia. Scots pine is also one of the most
important wood species grown in Turkey by covering approximately 6.8% of total forestland
(Biiyiiksari, et al. 2017; Giintekin and Akar, 2019). Since scotch pine has a large heartwood
and has high resistance and sounding properties, it can be used as wire poles, mine poles and
pile poles in round form, and it can also be used as scaffolding poles in in-water construction
if impregnated. Scotch pine is widely preferred for structural purposes due to its high
resistance and easy processing properties despite its low density. It is used in the production
of columns and beams as carriers in buildings and tensioners, struts, supports, bracing,
sidings, purlins and rafters in roof trusses. It can also be utilized in bridge construction,
shipbuilding and construction of vehicles (Kurul, 2023).

There are many factors that limit the use of wooden material in the structural field such as
moisture content, physical mechanical properties, knots, spiral grain, exposure to fungal and
insect attacks. One of the major problems of using wood materials is the effect of moisture
content on their physical and mechanical properties (Giintekin and Akar, 2019). The
mechanical properties of wooden materials changes depending on the moisture content
(Gintekin and Akar, 2019; Ross, 2021). Many elastic and strength properties of wood
decrease below the fiber saturation point (FSP) as the moisture content increases(Panshin and
Zeeuw, 1970). The allowable stresses remain within the elastic limit in calculating the
allowable stresses. In addition to the stress and maximum load at the elastic limit, deformation
values at the elastic limit are also important depending on material size, moisture and material
properties. Wood materials can be steamed for different purposes. These are ensuring color
uniformity in the material, improving hygroscopic properties, reducing internal stresses in the
wood material and sterilization against insects and fungi (Kantay, 2014; Sendag, 2018).

Elastic properties have an important role in wooden materials as well as resistance values.
However, studies on wood in the literature are generally limited to strength properties, and
even if studies have been carried out on elastic capabilities, not enough studies have been
carried out(Gintekin and Akar, 2019; Glntekin, et al., 2015; Lawrance et al., 2007, Sendag,
2018). No change can be mentioned in its shape and dimensions unless an external force is
applied to the wooden material. When a sufficient amount of force is applied to the material,
changes in its shape and dimensions, i.e. deformations, are expected(Bozkurt, 1966; Renaud,
Rueff and Rocaboy, 1996). Elasticity is defined as the complete recovery of deformations
occurring in a solid material at low stresses by taking its previous state after the load is
removed. Elastic properties are valid in solids below a certain limit called the elastic limit,
plastic deformations or fractures occur above the elastic limit (Bozkurt 1966; Bozkurt and
Goker, 1987; Kollmann and Cote, 1968). The zone between the elastic limit and the fracture
point in the load deformation curve is called the semi-plastic (2" zone (Berkel, 1970).

The mechanical properties of a wood material are a measure of its resistance to external
forces and its suitability. External forces are the forces that try to change the size or shape of a
certain wood material by external influence. The mechanical properties of wood materials are
important for many uses such as furniture, vehicles, tools and tool handles and their suitability
for use in building and construction purposes (Bozkurt, 1966; Bozkurt and Erdin, 2011; Ross,
2021). Bending strength is the resistance of the wood material fixed at one or both ends
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against the forces applied perpendicular to the fibers and trying to bend. It is used in strength
calculations especially in materials used as beams. Compressive strength is the resistance to
forces that work against compressing and pressing the wood material and plays an important
role in the use of wood as a building material ( Bozkurt and Erdin, 2011; Bozkurt and Goker,
1987; Ross, 2021).

The aim of this study was to determine the stress and deformation relationships, elastic
limit stress and deformation values, and the total deformation of scotch pine wood under
different conditions for compression and bending properties. Since the moisture content of
wood has a very important role in strength and deformation, the effect of high moisture
content on wood material has been investigated. The properties of the steamed samples were
tested considering the effects they may be exposed to in their places of use.

2 Material and Method
2.1 Material

In this study, scotch pine timber was supplied from the “Kuruoglu Kerestecilik ve Di1s Tic.
A.S” as material. In material selection, it was paid attention that the annual rings of the
materials should be regular and there should be no knots, rot, etc. The timbers were brought to
the dimensions of 20 x 20 x 360 mm in Istanbul University - Cerrahpasa, Faculty of Forestry
Laboratory and kept in the acclimatization room at 65 + 5% relative humidity at a temperature
of 20+2 °C until they reached constant weight (Figure 1-A).

The air-dried timbers were divided into 3 groups and one of the groups was tested in this
way and the other two groups were kept in water to be raised over FSP. Finally, one of the
groups kept in water was steamed. The steaming process was carried out with saturated water
vapor in a steaming boiler under 1.2 bar pressure for 40 minutes (Figure 1-B). Samples were
cooled before performed tests to eliminate other heat factors affecting on wood after the
steaming process.

Figure 1. Acclimatized samples (A), Steaming process (B)
2.2 Method
2.2.1 Determination of density and moisture content

Density and moisture content of samples determined according to TS ISO 13061-1 (2021)
standard. In order to determine the air dry density, 48 clean samples’ radial and tangential
dimensions were measured and recorded with a Mitutoyo digital micrometer with a precision
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of 0.001 mm. The dimensionally measured samples were weighed with a precision scale with
a precision of 0.01 g. and their weights were determined. Density of the samples was
determined using Equation 1.

m

v 1)

Where ; Di2: air-dry density (kg/m?), m: weight of the sample (kg), v: volume of the
sample (m°).

D, =

20 x 20 x 30 mm pieces were cut from the region that is close to the fracture zone for
bending strength samples to determine the moisture contents of the samples. Test samples
were used for compression strength to determine the moisture content. Moisture samples for
all groups weighed a precision of 0,01 g immediately after tests and placed in the drying oven
at 103+2 °C and kept in there until weight of the samples became stable. Moisture contents of
the samples were calculated in Equation 2.

me = =12 % 100 (2)

my

Where; mc: moisture content of the sample (%), ma: first weight of the sample (g), m.:
oven-dry weight of the sample (g).

2.2.2 Determination of compression strength parallel to the grain

Compression strength parallel to the grain tests was performed by TS 1SO 13061-17 (2019)
standard. For this purpose, 30 clear samples of 20 x 20 x 30 mm were prepared for each
sample group. Calculations were made using the equation 3.

F
Op =m MPa (3)

Where; on: Compression strength (MPa), F: load at fracture (N), b and h: cross-sectional
dimensions of the sample (mm).

2.2.3 Determination of bending strength

Bending strength specimens were tested in a universal testing machine (Figure 2) with a
capacity of 100 kN by TS ISO 13061-3 (ISO, 2021). The span length was set as 15h of the
sample thickness during the tests. The cross-sectional dimensions of the specimens were
measured with an accuracy of 0.01 mm from the midpoint of the length axis with the width in
the radial direction and the thickness in the tangential direction. The test speed was set at 1.5
+ 0.5 min for the specimens to fracture and the load was applied tangentially to the radial face
of the specimens at the midpoint of the annual rings. The force (Pmax) at the moment of
fracture of the specimens was recorded with a sensitivity of 1 N and the bending strength was
calculated with the help of the Equation 4.

_ 3xPxLg
O = 2Xbxh?2 (4)

Where; oe: Bending resistance (MPa), Pmax: force at fracture (N), Ls: Span length (mm),
b: Sample width (mm), h: Sample thickness (mm).
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Figure 2. Performing bending test

2.2.4 Determination of modulus of elasticity in static bending (MOE)

Determination of the modulus of elasticity was performed according to TS ISO 13061-4
(2021) standard. Static bending samples were used for the determination of MOE.
Calculations were made by using equation 5.

_ APXLS®
T Afx4xbxh3 (5)

Where; E: Modulus of elasticity (MPa), AP: Force (N), Ls: Span clearance (mm), Af:
deformation (mm), b: sample width (mm), h: sample heigth (mm).

2.2.5 ldentification and examination of deformations

Load-deformation data were obtained by using the automatic recording feature of the load
and deformation amounts of the test device used in the experiments. Deformation amounts
corresponding to 100 N load were determined by utilizing the obtained data.

The point where the linear region of the load-deformation graphs of the tested samples
ends was accepted as the elastic limit and the load of this point was recorded with a precision
of 1 N and the deformation of this point was recorded with a precision of 0.01 mm. The load-
deformation graphs and the differences between the deformation occurring at the load levels
were used in determining the elastic limit. While deviations from linearity can be seen in the
graphs, the last load level with constant deformation increase is accepted as the elastic limit
since the deformation increase between two load levels is constant until the elastic limit and
starts to vary after the elastic limit.

Sample deformations were compared in terms of the lengths and total deformations of 2"
zone. The differences were investigated by comparing the load values of the sample groups
for which a deformation increase was expected but not statistically significant.

2.2.6 Statistical analysis

Differences were determined by applying one-way analysis of variance at 95% confidence
level using the SPSS 21 program to compare the data. If there was a difference in the analysis
results, Duncan test was applied to determine the group differences.
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3 Results and discussions

The mean density was determined as 560 kg/m® according to the results of density
measurements. Scotch pine air-dry density given as 530 kg/m? (As et al., 2001) and 520
kg/m?® (Bozkurt and Erdin, 2013).

Oktem (1994) stated that FSP of the scotch pine was 29,8% in moisture contents of the test
specimens given in Table 1. It can be said that the tested samples at high moisture content are
over-FSP since the over-FSP and steamed groups’ moisture contents are higher than this
value.

Table 1. Mean moisture contents of specimens (%)

Test Compression Bending
Air dry 12.56 11.64
Pre- treatment FSP 30.51 34.95
Steamed 32.28 35.9

3.1 Bending strength and MOE

In the Table 2, mean values of the results of bending strength and MOE were shown and
Duncan test results were given as letters A, B and C, and every letter indicates different group
values.

Table 2. Results of bending strength and MOE
EL

Process GEM OEK 6 = Fos Fr MOE
Air - Dry 87.39 87.39 36.82 2.81 8.78 11.59 10090.12
(A (A) (A) (") © © (A)
Over-FSP 48.41 41.40 24.89 2.19 17.46 19.65 8197.24
(B) (B) (B (B) (B (B (B
38.11 32.18 14.19 1.58 22.27 23.85 6905.12
Steamed

(©) (©) (©) (©) (A) (A) ©)

oem: Maximum Stress in bending (MPa) oek: Fracture stress in Bending (MPa) EL: Elastic Limit o: Stress (MPa) F: Deformation (mm) Fag. :
2nd zone length (mm) F+: Total Deformation (mm) MOE: Modulus of Elasticty (MPa)

When the bending strength data were examined, the decrease in the fracture stress in
bending of the over FSP and steamed samples compared to the air-dried samples was
determined as 50.62% and 61.62%, respectively. The fracture occurred at maximum stress in
air-dried samples after 14.40% stress loss in over-FSP samples and 15.56% stress loss in
steamed samples. When the maximum stress comparison was made, it was determined that
there was a significant difference between the averages of all pre-treatment groups for
maximum stress in bending and fracture stress in bending at a 95% confidence level as a
result of the Duncan test.

It is seen that the amount of deformation increased as a result of pretreatments, but the
maximum stress and load values decreased. In other words, it was observed that more
deformation occurred at lower load and stress values. This can be explained by the increase in
humidity and steaming. As a result of the analysis of variance for elastic limit values, it was
observed that there was a difference between the averages of all pretreatment groups for both
stress and deformation values. The elastic limits of the pretreatment groups were 36.82 MPa
stress and 2.81 mm deformation in air-dried materials, 24.89 MPa stress and 2.19 mm
deformation in materials above FSP and 14.19 MPa stress and 1.58 mm deformation in
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steamed samples. For pine wood, it is seen that as the total load carried by the material
decreases, the elastic limit load and deformation values also decrease. Wangaard (1950) states
that the elastic limit occurs with a stress of 25.51 MPa for pine wood in fresh state and 41.37
MPa for air-dried materials. In the literature, the decrease in the elastic limit stress value was
38.33%. In the study, the decrease in stress from air dry material to moisture above FSP was
determined as 32.40%.

When the total deformations of the samples were compared, there was a difference
between the averages of all groups. While the least deformation was measured in air-dried
samples, the most deformation was measured in steamed samples. The highest deformation
was obtained in steamed samples with 23.85 mm while the lowest deformation was obtained
in air-dried samples with 11.59 mm. The total deformation of the samples above FSP was
measured as 17.46 mm. When the deformations occurring at the fracture loads were compared
with the air-dried material, it was observed that the samples over FSP fractured at 803 N and
the air-dried samples had a deformation of 3.80 mm at 800 N load. The vaporized specimens
fractured at 641 N and the air-dried specimens had a deformation of 2.75 mm at 600 N. A
459% increase occurred in the samples above FSP and an 867% increase occurred in the
steamed samples compared to the air-dried samples. According to these values, it can be said
that high humidity and steaming significantly increase the deformation ability of pine wood.
The stress and deformation data for bending stress obtained from the samples are presented in
relation to the load in Figure 3.

It was determined in the analysis of variance performed of the pre-treatment group
averages of the modulus of elasticity of scotch pine wood that there was a difference between
the group averages and it was seen that the averages of all groups were different from each
other as a result of the Duncan test. The decrease in the modulus of elasticity values of the
FSP and steamed samples compared to the air-dried state was determined as 18.26% and
31.57%, respectively. While the modulus of elasticity of pine wood is given as 12410.56 MPa
at the air-dry state, it is stated as 9514.76 MPa in a fresh state. The amount of decrease in the
literature values was determined as 23.34% (Wangaard, 1950). In other study, Korkut et al.
(2008) stated that stress loss of scotch pine due to heat on modulus of elasticity was 7,39 %
for 120 °C for 2 hours and 32,12 % for 180 °C for 10 hours.
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80 s Stress Steamed 16
70 Stress FSP 14
Deformation Air-Dry

60 Deformation Steamed 12

—a&— Deformation FSP

o

10

(=]
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o

2

0

0 200 400 600 800 1000 1200 1400 1600
Load (N)

Figure 3. Stress — Deformation graph depending on load for bending
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3.2 Compression strength parallel to the grain

Mean values of compression test were given in Table 3. The mean of maximum
compression stress of air-dry samples was statistically different from the mean of the other
groups. The amount of decrease in the maximum compression stress of the FSP and steamed
samples compared to the air-dried state is 54.68% and 55.68%, respectively. Dundar (2005)
reported that the compression strength of scotch pine wood was between 50,69 Mpa and
57,58 Mpa. In this respect, the strength of air dry materials is close to the literature values.
Wangaard (1950) stated the compression strength of scotch pine wood is 21,23 Mpa in green
condition and 50,61 Mpa in an air-dry state. In a different study, Korkut et al., (2008) state
that heat treatment affects the strength of scotch pine. They stated that the strengths decreased
as the amount and duration of temperature increased. The amount of decrease between these
values is 58,05%. In this respect, the data are consistent with previous studies.

Table 3. Results of compression tests.

EL
Process ob Obk F2 Fr
c F
Air - Dry 43.97 (A) 43.97 (A) 33.78 (A) 0.95 (A) 0.73(B) 1.69 (B)
Over-FSP 19.53 (B) 17.39 (B) 14.08 (B) 0.61 (B) 1.58 (A) 2.19 (A)
Steamed 19.98 (B) 17.43 (B) 13.64 (B) 0.59 (B) 1.55 (A) 2.14 (A)

op: Maximum Stress in compression (MPa) oy Fracture stress in compression (MPa) EL: Elastic Limit o: Stress (MPa) F: Deformation
(mm) Fyg. : 2™ zone length (mm) F+: Total Deformation (mm)

In the case of fracture strength of compression, it was observed that the average of the air-
dry samples was different and higher than the other two groups. The decrease in the fracture
strength of compression of the FSP and steamed samples was determined 60,54 % and
60,47%, respectively.

It was determined that the average of air-dried samples was different and higher than the
other two groups in the analyses on elastic limit stress and deformation values. The elastic
limit of the air-dried samples was determined as 33.78 MPa stress and 0.95 mm deformation.
While it was determined as 14.08 MPa stress and 0.61 mm deformation in the samples over
FSP, it was determined as 13.64 MPa stress and 0.59 mm deformation in the steamed
samples. The amount of decrease in elastic limit stress values compared to air-dried samples
was determined as 58.32% and 59.62% for FSP and steamed samples, respectively. Wangaard
(1950) gives the elastic limit stress value of pine wood as 36.74 MPa for air-dried material
and 16.61 MPa for green material. The decrease in the literature values is 54.79%. It is clearly
seen that the obtained values are compatible with the literature values. The growing
conditions and anatomical and chemical structure of wooden material can be effective in this
situation. Figure 4 shows the stress and deformation values depending on load for
compression strength.

A statistically significant difference was found between the 2" zone lengths of scotch pine
wood compression samples at a 95% confidence level. The average of air-dried samples
differed from the other two groups. When the pine wood compression samples were analyzed
in terms of total deformations, it can be said that the average of air-dry samples showed a
significant difference compared to the other two groups and a low value was obtained. The
minimum deformation was measured in air-dried samples with 1.68 mm and the maximum
deformation was measured in samples over-FSP with 2.19 mm. The total deformation amount
of the steamed samples is 2.14 mm. When the deformation amounts shown by the air-dried
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samples are compared, the samples above FSP carried a maximum load of 8317 N and 0.58
mm deformation was measured in air-dry samples at 8000 N load. The steamed samples
carried a maximum load of 8512 N and 0.65 mm deformation was measured at 9000 N load in
air-dry samples. Considering these values, the deformation of the samples over FSP increased
by 378% and the deformation of the steamed samples increased by 329%.
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Figure 4. Stress — Deformation graph depending on load for compression
4 Conclusions

e |t can be said that the increase in moisture content and steaming process significantly
decreases the resistance properties of wood material according to the findings obtained
from this study. Deformation values are affected by moisture increase and steaming,
but the effect varies according to the type of stress.

e In bending stresses, increase of moisture content and steaming of wood caused a
decrease in strength and an increase in deformation. The growing conditions and
anatomical chemical structure of the wood are thought to be effective in this situation.

e Similarly, increased moisture content and steaming of material affect the strength and
deformations of material in compression strength parallel to the grain.

e Steaming and moisture increase affect material differently on compression and
bending strength. While the means of all 3 groups were different in bending strength,
no difference was found between steaming and humidity in compressive strength.

e The allowable stresses remain within the elastic limit when calculating the safety
stresses. It can be said that deformation values at the elastic limit are also important
depending on material size, moisture and material properties in addition to the stress
and maximum load at the elastic limit.

e In this study, elastic limit deformation values were determined for different properties.
It is thought that the allowable deformation values should be determined according to
the wood species, sample sizes, humidity and defect properties in addition to the
stresses allowed in practice with the determination of these values. Data will be
provided to the practitioners and safer use of wood in structural use will be ensured.

¢ In addition, reductions in strength values should be taken into account in the use of
wood material as a load carrier, especially in areas with high equilibrium humidity or
waterlogged areas, and design calculations should be made accordingly.
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Mobilya ve Ahsap Malzeme Arastirmalari Dergisi
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Geleneksel ile glinceli bir araya getirme ¢abasi: Safranbolu evlerinin otel
doniisiimiinde odalarda goriilen i¢c mekan degisiklikleri

Gozde Zengin®

OZ: Kiiltiir turizmi, cesitli kiiltiirlerin tarihini, sanatmi, mimarisini ve geleneklerini kesfetmek
amactyla yapilan bir seyahat tiiriidiir. Bu turizm bigimi, ziyaretgilere bdlgenin zengin kiiltiirel
mirasini deneyimleme olanagi sunar ve bu tecriibe, kiiltiirel mirasin korunmasmin énemini
vurgular. Safranbolu, kiiltiir turizmi agisindan 6zellikle eski ¢arsi bolgesi ve koruma altindaki
tarthi evleri ile Uinliidiir. Bu nedenle, bolge hem yerli hem de yabanci turistler i¢in popiiler bir
ziyaret noktasi haline gelmistir. Bu ¢aligmada, tarihi evlerin otellere doniistliriilme surecinde
yasanan degisimler ele alinmistir. UNESCO tarafindan koruma altina alinan tarihi Safranbolu
konaklarindan otel olarak hizmet verenler arastirma kapsaminda incelenmistir. Geleneksel
mimari unsurlar ile modern tasarim anlayisinin i¢ ige gectigi bu siirecte, i¢ mekanlardaki
degisiklikler otel odalar1 Ozelinde detayli bir sekilde incelenmistir. Geleneksel yap1
elemanlarinin korunarak modern konfor ve estetik anlayisinin entegre edildigi ornekler,
Safranbolu evlerinin otel fonksiyonu icin nasil uyarlandigini gostermektedir. Bu ornekler,
tarthi dokunun korunmas1 ve turistik konaklama ihtiyaclarinin dengelenmesi {izerine bir bakis
sunmaktadir. Sonu¢ olarak basarili bir doniisiim i¢in dikkatli planlama, yerel yonetimlerle
isbirligi ve siirdiiriilebilir yontemlerin gelistirilmesi gerekliligi ortaya ¢ikmaktadir.

Anahtar kelimeler: Yeniden islevlendirme, Tarihi Otel Mobilyalari, Safranbolu Turizmi

The effort to combine the traditional with the contemporary: interior
changes observed in rooms during the hotel conversion of Safranbolu
houses

ABSTRACT: Cultural tourism is a type of travel aimed at exploring the history, art,
architecture, and traditions of various cultures. This form of tourism offers visitors the
opportunity to experience the rich cultural heritage of a region and emphasizes the importance
of preserving this heritage. Safranbolu is particularly renowned for cultural tourism,
especially for its old market area and its historically preserved houses. Therefore, the region
has become a popular destination for both domestic and international tourists. This study
examines the changes that occur during the conversion of historical houses into hotels. The
historic Safranbolu mansions, protected by UNESCO and now serving as hotels, were
examined within the scope of the research. In this process, where traditional architectural
elements and modern design concepts intertwine, changes in the interiors were analyzed in
detail, specifically focusing on hotel rooms. Examples where traditional structural elements
are preserved while integrating modern comfort and aesthetics show how Safranbolu houses
are adapted for hotel use. These examples provide insight into balancing the preservation of
historical texture with the needs of tourist accommodations. Consequently, successful
transformation necessitates careful planning, collaboration with local authorities, and the
development of sustainable methods.
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1 Giris

Kiiltiirel miras, giinlimiiz ile ge¢mis arasinda biriktirilen derin degerleri gelecek nesillere
aktarmay1 miimkiin kilan; boylece kusaklar arasi iletisimi guclendiren, bir yerin veya ulusun
sahiplik duygusunu yaratip ahenkli bir birliktelik hissi olusturan hayati bir unsur olarak 6ne
cikmaktadir (Kiper, 2004). Bu baglamda kiiltiir turizmi, farkli kiiltiirlerin tarihini, sanatini,
mimarisini ve geleneklerini kesfetmek amaciyla gerceklestirilir ve bu tiir turizm, ziyaretgilere
bolgenin zengin kiiltiirel mirasin1 deneyimleme firsati sunar. Bu deneyimi yasamayi tercih
eden turistlerin yas cinsiyet ve egitim gibi bazi 6zellikler agisindan benzerlik gdsterdigi
diistiniilmektedir ((Richards. 2001). Bu baglamda; genel olarak yiiksek sosyo-ekonomik
diizeye sahip gorece ileri yaslarda olan kisilerin kiiltiir turizmini daha ¢ok tercih ettikleri
ortaya konulmaktadir (Falk ve Katz-Gerro, 2016). Sosyo-ekonomik diizeyin yiiksek olmasi
sebebiyle kulttrel turistler gittikleri bolgede harcamak igin normalin Uzerinde bir bitceye
sahiptir ve bu biitceyi daha cok yerel ve kaliteli iiriinlere harcama egilimindedir. Bu egilim
ayni zamanda bolgenin yerel ekonomisine katki saglamaktadir (Figini ve Vici, 2012; Jamen-
Verbeke, 1997). Dolayisi ile kiiltiir turizmi geleneksel endiistriler i¢in ciddi gelir kaynaklari
saglayabilmektedirler (Smith, 2015 Kiiltiir turizminin mevsimsel bir yapiya sahip olmamasi
(Butler ve Mao, 1997) diger bir deyisle kiiltiiriin iklimle smirlanmamasi bu deneyimin yil
boyu sunulabilmesine olanak tanimaktadir (Butler, 2001; Liu, 2014; Cuccia ve Rizzo, 2011).
Ozellikle yerli turistlerin yabanci turistlere gore kiiltiir turizmini daha ¢ok tercih ettikleri
diistiniilmektedir (Cisneros-Martinez ve Fernandez-Morales, 2015).

Karabiik ilinin bir il¢esi olan Safranbolu, Roma Bizans, Selguklu ve Osmanli donemlerine
ait belirli izleri giinlimiize tasimaktadir (Hacisalihoglu, 1995). Safranbolu ¢evresi, Homeros
tarafindan Paflagonya olarak anilan bir bolge olarak bilinir ve Paleolitik Cag'dan bu yana
kesintisiz bir yerlesim ev sahipligi yapmistir. Bu alan, tarihsel derinligiyle dikkat ¢eken 24
adet tlimiiliise ev sahipligi yapmaktadir. Pers ve Helenistik donemleri sonrasinda Roma ve
Bizans donemlerinde yerlesim alani olarak kullanilmistir. Safranbolu'nun tarih boyunca aldigi
isimler arasinda Germia, Zafaran Boli, Flaviopolis, Dadybra, Zalifre, Zagfiranbolu ve
Safranpolis bulunmaktadir (Glnay, 2004). UNESCO Diinya Kiiltiirel ve Dogal Mirasin
Korunmasma Dair S6zlesme’yi 1972 yilinda imzalayarak taraflarindan biri olan Tiirkiye’nin
giinimiizde Diinya Miras1 Listesinde 19 miras alan1 bulunmaktadir. Safranbolu s6z konusu
listeye 1994 yilinda dahil olarak geleneksel evleri ile dikkat ¢eken kiiltiirel destinasyonlardan
biri haline gelmistir (UNESCO Tiirkiye Milli Komisyonu, 2023).

Tiirklerin Anadolu’ya 6zellikle 1071 Malazgirt Savasindan sonra go¢ yoluyla yerlesmesi
Anadolu topraklarinin, Tiirklerle kiiltiirel etkilesime girmesini saglamistir. Tiirk boylari,
Anadolu’nun verimli topraklarma yonelerek yerlesik hayata uyum saglama siirecine
girmislerdir. Boylece Tiirkler kendi yasam tarzmi ve kiiltiiriinii bolgeyle biitiinlestirmistir
(Bazancir, 2023). Tiirk evlerindeki kiiltiirel biitiinlesme ornekleri, 6zellikle ¢adir yasamina
0zgu benzersiz yasam big¢imlerinin evlerde kendini ifade etmis hali olarak gozlemlenebilir.
Yerlesik hayata ge¢isle birlikte, Tiirk evlerinin mekan kimligi, icinde bulundugu cografyanin
iklim yapisina uyum saglamasiyla belirginlesmistir. Her bolgenin 6zelliklerine gore degisen
bilesenlerin yani sira, sabit mekan diizenlemeleri de dikkat ¢eker. Bu sabit 6zelliklerden biri,
"yaz odas1" ve "kis odas1" seklinde diizenlenen iki mekan taniminin varligidir. Bu
diizenlemeler, Tiirk evlerinin i¢ mekanlarinda sicak ve soguk mevsimlere uygun konforlu
alanlar olusturulmasmi saglanmistir (Kiiciikerman, 1995). Evlerde goriilen bir diger ortak
ozellik mekanlarin ¢ok islevli olarak kurgulanmasidir. Bu durum, ¢adir i¢ mekan kurgusunun
yerlesik hayata bir yansimasi olarak diislinebilir. Cadir, tek mekanin giin i¢indeki gerekli tiim
islevleri karsilamasi iizerine kurgulanmistir. Bu durum evlerde bir odanin hareketli mekan
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bilesenleri ile tim islevleri yerine getirmesi olarak Tirk evlerinde Kkiiltlirel yansimasini
gostermektedir (Kicukerman, 1995; Ginay, 2004).

Tiirk evlerinin bir 6rnegi olan Safranbolu evleri; evin temelini olusturan tas zemin kati,
ahsap catmali alcak tavan ve az pencereli orta katlari, bol pencereli ve ¢ikmalarla
hareketlendirilmis st katlar1 ile kendi kimligini ifade etmektedir (Glnay, 2004). Safranbolu
Evlerinin tipolojik 06zelliklerine bakildiginda birden dorde kadar degisen oda ve eyvan
sayisina sahip oldugu goriilmektedir. Ataerkil genis aile yapisina sahip toplum 6zelliklerinin
bir yansimasi olarak ev icerisinde cekirdek ailelere birer yasam alani verilerek giinliik
gereksinimlerini bu alan icerisinde karsilamalar1 beklenmistir. Evin planini olusturan temel
bilesenler: odalar, sofalar, merdivenler, ahirlar ve tasliklar olarak siralanabilir (Bayazit, 2014).
Diinya Miraslar1 Listesi’ne girmeden once harabe durumunda olan, ¢cogu kullanilmayan bu
evler, koruma altina alinmasiyla birlikte restorasyon gegirerek kullanilabilir mekanlar haline
gelmistir. Tarithi evler “Eski Cars1” ve “Baglar” bdlgeleri olmak iizere iki ayri1 yerlesim
alaninda bulunmaktadir. Bu evler 18. ve 19. yy. kiiltiirli, ekonomisi, teknolojisi ve giinliikk
yasami konusunda Tiirk hayatiin ge¢misine 151k tutmaktadir. Bolgede bulunan yaklasik 2000
geleneksel Safranbolu evinden 800’e yakini yasal koruma altindadir (Kiiltiir Varliklar1 ve
Miizeler Genel Miidiirliigii, 2024). Safranbolu il¢cesinde 33 adet turizm isletme belgeli, 64
adet basit konaklama belgeli ve 5 adet kamu misafirhanesi olmak (izere toplam 102
konaklama tesisi bulunmaktadir (Safranbolu Kiiltiir Turizm Danigsma Biirosu, 2024).

Son yillarda konutlarin otele doniistimii ile ilgili yapilan ¢alismalara bakildiginda yeniden
islevlendirme ile ilgili 6nemli bilgiler saglanmstir. Ornegin, Tapki (2018), tarihi kentlerde
konaklama tesisi yapilabilecek bos arazilerin bulunmasi zorlugunun konutlarin yeniden
islevlendirilerek otele doniisiimii ile ¢oziilebildigini paylasmaktadir. Benzer sekilde
Safranbolu tarihi ¢ars1 bolgesinde bulunan konaklardan birinin yeniden islevlendirme siirecine
odaklanan c¢aligmada, konaklardan otellere doniisiim siirecinde restorasyon caligmalari,
restorasyon sonrasi fiziksel durumu, sorunlari ve gereksinimleri ortaya konulmustur
(Aydogan Evirgen, 2019). Ciritci (2020), bolgede bulunan diger tarihi yapilarin da benzer
dontistimlerden gegme potansiyelinin olduguna dikkat ¢ekerek doniisiimii yapilan konutlarin
mekansal ve yapisal 6zelliklerinin incelenmesinin 6nemine vurgu yapmaktadir.

Safranbolu tarihi ¢evrede bulunan koruma altindaki konaklarm bazilar1 hala ev olarak
kullanilirken bazilarmin yeniden islevlendirildigi goriilmektedir Ahunbay (2007) yeniden
islevlendirme siirecini tarihi yapinin yok olmasina engel olacak giiclii koruma yontemlerinden
biri olarak tanimlamaktadir. Bu, kiiltiirel mirasin gelecek nesillere dogru bir sekilde
aktarilmasmi saglamak i¢in izlenen politika ve uygulamalarin biitlinii olarak kabul edilir.
(Levent, 2014). Bu tanima paralel olarak yapilarin asil islevine uygun olarak ve yapinin
korunmasina katkida bulunarak yeniden islevlendirme siirecinde bazi tarihi konaklar otellere
dontstirilmistiir. Eskiden konut olarak kullanilan yapilarin otele doniistiiriilmesi sikg¢a
kullanilan yontemlerden biridir (Yal¢m ve Agici, 2023). Otel kavraminin, seyahat edenlere
konforlu bir konaklama hizmeti sunmasini igermesi sebebiyle tarihi konaklarmn otele
doniisiimiinde yeniden islevlendirme siirecinin nasil isledigi onem kazanmaktadir. Otel
hizmetleri baglaminda sunulan konforlu konaklama kavraminin tarihi konak otellerde nasil
yorumlandigi bu ¢aligmanin 6ziinii olugturmaktadir.

Bu baglamda ¢aligmanin amaci eski ¢ars1 bolgesinde faaliyet gosteren otellerin, otel odalar1
0zelinde nasil bir doniisiim ge¢irdigi ve giinlimiiz kosullarma nasil uyumlu hale getirildigini
ortaya koymaktadir.
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2 Yontem

Bu c¢alisma nitel arastirma yaklasimini benimsemekte olup, calismada nitel yaklasimin
durum c¢aligmast yontemi kullanilmistir. Calisma kapsaminda Safranbolu'da UNESCO
tarafindan koruma altina alinmisg tarihi konaklardan belirlenen Ornekler iizerinden
derinlemesine bir inceleme yapilmistir. Bu durum g¢alismasi, 6zellikle tarihi konaklarin otel
olarak dontiisiim siirecine odaklanarak zengin bir i¢gorii elde etmeyi amaglamaktadir.

Arastirmanin veri toplama siirecinde, Safranbolu'nun otel olarak hizmet veren tarihi
konaklarmin belirlenmesi hedeflenmistir. Bu baglamda, otellerin doniisiim stireglerini
gosterebilmek adina, cesitli otel rezervasyon uygulamalarindaki gorseller incelenmistir.
Arastirmaya sadece Safranbolu'nun eski ¢arsi bolgesinde yer alan oteller dahil edilmistir. Otel
se¢iminde, birden fazla otel arama sitesinde aktif oda satig1 bulunan otellerden ayni gorsellere
sahip olan oteller tercih edilmistir. Bu se¢im, gorsellerin dogrulugundan emin olunmasi
amaciyla yapilmistir.  Secim kriterlerinden biri de ayni otel ig¢inde farkli odalarin
fotograflarinin bulunmasi olarak belirlenmistir. Bu kriter, otellerin genel yapisini ve oda
cesitliligini gosterebilmek icin belirlenmistir. Bu baglamda, farkli odalara ait nitelikli
gorsellerin bulundugu ve en az 10 yatak kapasiteli oteller se¢ilmistir. Bu kriterlere uyan
toplamda 12 otel arastrmaya dahil edilmistir. Otellerin ticari itibarin1 zedelememek ve
isletmeler arasinda kiyaslama yapilmamasi adma ¢aligmada oteller O1, 02, O3... seklinde
kodlanmustir. Veri toplanan siteler ve erigim tarihleri kaynak¢ada belirtilmistir (Url 1, Url 2,
Url3, Url 4, Url 5, Url 6). Bu dogrultuda farkli gorseller Gizerinden elde edilen veriler tematik
analiz yontemiyle farkl kategorilere ayrilmis ve anlamli temalar ortaya ¢ikarilmistir. Elde
edilen temalar; mobilyalar, 1slak hacimler, aydinlatma elemanlari, rehabilitasyonla eklenen
elemanlar seklindedir. Mobilyalar basliginda var olan mobilyalarin giiniimiizde nasil
kullanildig1 ve yeni eklenen mobilyalar arasindaki uyum incelenmistir. Islak hacim bashiginda
odalarmn igerisinde gelenekselde bulunan yikanma alanlarmin 1slak hacimlere doniisiimiinde
yapilan degisikliklere odaklanilmistir. Aydinlatma elemanlar1 bashiginda giiniimiiz
teknolojisine sahip aydmnlatma birimlerinin gelenekselle olan uyumu incelenmistir. Ve son
olarak rehabilitasyonla eklenen elemanlarin (buzdolabi, televizyon, klima) geleneksel doku ile
nasil bir araya geldigi incelenmistir. Bu analizler, tarihi evlerin otellere doniisiim siirecindeki
degisimleri, geleneksel ve gincel unsurlarm otel odas1 6zelinde nasil bir araya getirildigini ve
bu siirecin kiiltiirel mirasin korunmasi ile nasil dengeledigini ortaya koymay1 amaglamaktadir.

3 Bulgular ve Tartisma

Bu calismada elde edilen veriler temalara aymrilarak incelenmistir. Elde edilen temalara
ait kavramsal sema, Sekill ’de gosterilmektedir.

Mekansal 1
Degigimler Kaplama
Malzemeleri

Donasam

Banyo Donanim (islak hacim)
ve Aksesuarlar

Konuk Yataklan Aydinlatma

segimleri
Eklenen
TARIHI KONAK
- Tavan iligkisi
Mobilyalar RS OTEL ODALARI
Geleneklsel
Duvar

Duvar Mobilya
Aydinlatmalan

Buzdolabl e Rehabilitasyo
}— nla eklenen 7| * Kima
Televi o elemanlar

izyon

Sekill. Bulgularin kavramsal olarak semasi
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3.1 Mobilyalar
3.1.1 Konuk Yataklan

Tiirk odasmin en 6nemli 6zelligi ¢ok islevli olarak kullanilmasidir. Yatak odasi olarak
Ozellesmis mekanlarda, oturulur, uyunur, calisilir, yemek yenir, yikanilir. Esyalar gerekli
oldugu zamanlarda ortaya getirilir, kullanilmadig1 zamanlarda kaldirilir. Bu amagcla orta alan
bos birakilir.

oda E ayvan ods
1 J'—-’-}.L .
' y
MU \
- T | T1K
v--" _‘ ﬁ
ode ‘h.h e ot ‘ =
> B 2
e | x40 ]

Sekil 2. Geleneksel Safranbolu evi kat plan1 6rnegi (Bayazit, 2020) ve i¢ mekan kurgusu
(Ginay, R., 2004)

Otel islevlerine doniisiimde ise mekanlar tek islev icin kullanilir hale getirilecegi i¢in
karyolalar taginabilme 6zelligine sahip degildir. Bazi otellerin konakla uyumlu 6lgekte sabit
yatak yaptirdiklart goézlemlenirken bazi otellerin hazir bazali yataklar1 oda igerisine
yerlestirdikleri goriilmektedir. Buna paralel olarak geleneksel mimaride sabit mobilyalar
mekan olgegi ile iliskilendirilmistir. Geleneksel yatak Orneginde de goriilebilecegi gibi
yataklarin yastik yiikseklikleri oturma birimi ile ayn1 hizaya gelecek bigimde yerlestirilmistir.
Bu haliyle mekanin bilesenleri arasinda Olgek uyumundan s6z edilebilir. Gunimiz otel
orneklerine bakildiginda ise mobilya se¢imlerinde ve yerlestirme bigimlerinde farkl ¢oziim
arayislar1 oldugu goriilmektedir.

Sekil 3. Otel Yatak odas1 6rnekleri

Baz1 konak otellerin mekansal auranin yani fiziksel olarak hissedilen unsurlarin yaninda
duygusal olarak da algilanan mekan kavraminin bozulmasini engellemek adina konuk
yataklarmi geleneksel sabit mekan bilesenleri ile uyumlu 6lgekte segmeye ve konumlamaya
0zen gosterdigi goriilmektedir. Sekil 2°de Geleneksel Safranbolu evinde yatak yiiksekliginin
sabit mobilyalarin oturma yiiksekliginden daha asagida konumlandig: goriilmektedir. Sekil
3’de paylasilan modern orneklere baktigimizda ise yatak yiliksekliginin oturma ytiksekligi ile
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ayni seviyeye geldigini gérmekteyiz. Yatagin yiiksekliginin odanim i¢ bilesenlerinden alinan
referansla tasarlanmasi oda igerisindeki mekéansal uyumun siirdiiriilmesine katki
saglamaktadir.

Sekil 4. Otel yatak odas1 6rnekleri

Bazi otellerin konuk konforunu vurgulayarak genis ve gosterisli yatak ve yatak
basliklarini tercih ettigi gozlemlenmistir. Ilk bakista oldukca rahat gériinen bu yataklarm,
mekanla iliskisi incelendiginde, odanin pencere yliksekligine kadar uzandigi fark edilmektedir
(Sekil 4). Bu durum, bazi 6rneklerde pencerelerin kullanilmasini tamamen engellemekte,
diger orneklerde ise pencerelerin bazi kanatlarimi iglevsiz birakmaktadir. Yatak, mekanin
diger unsurlarindan 6nemli 6l¢iide daha biiyiik oldugunda, hiyerarsik olarak yatak odasinin en
belirgin Ogesi haline gelmektedir. Bu durumun, geleneksel Safranbolu evinin i¢ mekan
bilesenlerinin goriiniirliigiine veya algilanmasina engel oldugu diisiiniilmekte ve bu nedenle
tarihi konak deneyimini kisitladigi diigiintilmektedir.

3.1.2 Eklenen Mobilyalar

Geleneksel Safranbolu evlerinde oturma birimi olarak sedirler bulunmaktadir. Sedirde
oturma, yerde oturma ile benzerlik gosterdigi i¢in sedirlerin oturma alani genis tutulmustur.
Swrt kismi yastiklarla desteklenmektedir. Sedirlerin duvar mobilyalari ile birleserek oturma
birimi haline gelmesi Sekil 5’te gosterilmektedir.

Sekil 5. Geleneksel Safranbolu evi sedir yerlesimi (Giinay, R., 2004)

Konaklarin otellere doniisiimiinde bazi konaklar sedirleri orijinallerine uygun bigimde
yenileyerek kullanirken bazilarmin bu islevi yerine getirmek i¢in sedirleri kaldirarak odalara
yeni mobilyalar ekledigi gozlemlenmistir. Geleneksel Safranbolu evinde bulunan yere yakin
konumlanmus, genis oturma alanl sedirlere 6ykiinen mobilya tasarimlar1 bazi konak otellerde
modernize edilerek kullanilmaktadir. Bu mobilyalara 6zellikle ortak kullanim alanlarinda
baska mobilyalarin da eslik ettigi goriilmektedir. Kullanilan mobilya 6rnekleri Sekil 6°da
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gosterilmektedir. Auranin bozulmasinin istenmedigi mekanlarda eklenecek mobilyalarin
seciminde eski donem mobilyalar1 kullanilarak gegmise referans verilmeye devam
edilmektedir. Ayni otelin farkli odalarinda farkli donemlere ait mobilyalarin kullanildig1
gbzlemlenmistir. Bu durum mekanda ortak bir tasarim dili olusturmay1 zorlastirmaktadir.

Sekil 6. Oturma birimi drnekleri

Kullanilan mobilyalarm her biri, belirli bir donemin 6zgiin tasarim ve estetik anlayisini
yansitarak, tarihi ¢evreye uyum saglamaktadir. Ancak, mobilyalarin her biri ait oldugu
donemin ruhunu yansitmaktadir. Sonradan eklenen mobilyalar 6zelinde, Safranbolu evinin
karakteristik Ozellikleri ile yapilan secimlerin ne kadar uyumlu oldugunu degerlendirmek
gerekmektedir. Eklenen mobilya 6rnekleri Sekil 7°de gosterilmistir. Eklenen mobilyalarin
tagmabilir 6zellikte oldugu gozlenmistir. Mobilyalar, belirli bir sosyal, kiiltiirel ve estetik
kaygi tasmnarak tasarlanir. Buna paralel olarak tasarlandigi donemin izlerini tasir. Her
donemin estetik 6zellikleri ve tasarim prensiplerinin farkli oldugu dikkate alinirsa Safranbolu
evi 0zelinde ayn1 mekanda farkli donemlere ait mobilyalar kullanmak mekanin gegmisle
biitiinsel bir iliski icinde olmasini zorlastirmaktadir.

Sekil 7. Eklenen mobilya érnekleri

3.1.3 Duvar Mobilyalan

Safranbolu evlerinin 6ne ¢ikan 6zelliklerinden biri de duvar mobilyalaridir. Bu evlerde
kullanilan duvar mobilyalar1 sadece islevsel bir amaci yerine getirmekle kalmaz ayn1 zamanda
estetik olarak da mekana kimlik kazandirmaktadir. Duvar mobilyalari, bolgede yetisen
agaclardan se¢ilmis ahsap malzemelerden iiretilmektedir. Safranbolu’nun geleneksel el
sanatlar1 konusunda ustaligmi yansitan bu ahsap islemeli dolap kapaklar1 odalarin kullanim
alanlarin1 genigletmek amaciyla tasarlanmistir. Genellikle yatak, yastik, yorgan gibi kisisel
esyalarin depolanmasinda kullanilir. Ayrica odun gibi yakacak unsurlarin diizenli bir sekilde
saklamasi i¢in 6zel dolaplar bulunmaktadir. Oda igerisinde yikanmak i¢in tanimlanmig alan
yine bu dolaplar araciligi ile gizlenmektedir. Giinliik yasami kolaylastirmak igin kurgulanmis
bu alanlar tarihi evlerin karakteristik 6zelliklerinden biri haline gelmistir.

Depolama alani, otel islevi i¢in dogal bir bilesen olup, oda iginde zaten mevcut olan bir
ozelliktir. Buna paralel olarak bu mobilyalar oda icerisinde konuklarm esyalarin1 depolamasi,
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otelin konuklarina sundugu bazi esyalarin depolanmasi ve sunulmasi, oda igerisinde goriiniir
olmasma gerek duyulmayan bazi bilesenlerin saklanmasi gibi amaglarla etkili bir sekilde
kullanilmaktadir (Sekil 8). Ancak, bazi otellerin yogun bir depolama alanma ihtiyag
duymamalar1 sebebiyle bu potansiyeli tam olarak kullanamadiklar1 diisiiniilmektedir.

Safranbolu evlerinin belirgin 6zellikleri arasinda yer alan duvar mobilyalari, evlerin
otellere doniisiim siirecinde cesitli zorluklar1 beraberinde getirmektedir. Bu 6zellik, bazi
oteller tarafindan basariyla kullanilarak mekanlar1 zenginlestirirken, baz1 oteller i¢cin mekansal
kurgunun tasarlanmasina engel teskil ettigi gozlenmistir. Duvar mobilyalari, mekan i¢inde
yogun bir goriintli olusturdugunda veya tercih edilen mobilyalar mekan Olgeginden
farklilastiginda, bu mobilyalarin kullaniminda zorluklarla karsilasmaktadir. Ozellikle secilen
mobilyalarin dolap kapaklarinin agilmasina engel olmasi gibi sorunlar ortaya ¢ikabilmektedir.

3.2 Mekansal Degisimler: Islak Hacim

Ik bakista duvar mobilyas1 gibi goriinen gusiilnaneler geleneksel Safranbolu evlerinde
odalarmn i¢inde bulunan yikanmak i¢in tanimlanmis mekanlardir. Sekil 9°da da goriildigi
iizere bu mekanlar bir kiginin yilkanmasina izin verecek biiyiikliikte, su tesisatinin
bulunmadigi alanlardir. Ozellikle odadaki ocak yakminda konumlandirilmalari, sicak su ve
1sinma ihtiyaglarinm pratik bir sekilde karsilanmasimni saglar (Tuluk, 2010).

Sekil 9. Safranbolu evinde duvar mobilyalar1 i¢ine gizlenmis yikanma alanlar1 (Giinay,
R., 2004)

Islak hacimler Geleneksel Safranbolu evinde var olan bir bilesen olsa da otellere
doniisiim stlirecinde dnemli degisikliklere maruz kalan alanlardan biri olarak 6ne ¢ikmaktadir.
Bu mekanlarin modern 1slak hacim gereksinimlerini karsilamamasi nedeniyle, modern konuk
ihtiyaglarina uygun hale getirilmesi ve bu ¢aba sirasinda geleneksel dokunun korunarak
konforlu bir hale getirilmesi gerekmektedir. Konaklarin otellere doniisiimiinde bazi konaklar
sedirleri orijinallerine uygun bi¢imde yenileyerek kullanirken bazilarinin bu islevi yerine
getirmek i¢in sedirleri kaldirarak odalara yeni mobilyalar ekledigi gézlemlenmistir.
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3.2.1 Kaplama Malzemeleri

Islak hacimlerin kurgulanmasi esnasinda otellerin farkli kaygilarla mekan bilesenlerini
sectikleri gozlenmistir. Sekil 10’da 1slak hacim 6rnegi paylasilmaktadir. Kaplama malzemesi
secimleri bu baglamda kolayca ayirt edilebilen bilesenler olarak karsimiza ¢ikmaktadir. Bazi
oteller bu mekanlarda giiniimiiz estetik kaygilarma yakin ¢izgilerin bulundugu kaplama
malzemeleri kullanirken bazi otellerin sadece beyaz seramikler kullanarak dikkati diger
bilesenlere cektigi goriilmektedir. Ancak, bazi otellerin bu secimde gelencksel dokuyu
koruma konusunda yeterince 6zen gostermedigi gorulmektedir.

Sekil 10. Fayans drnegi
3.2.2 Banyo Donatim ve Aksesuarlar

Yeniden islevlendirme siirecinde konaklarin otellere doniisiimiinde 1slak hacimlerin
giiniimiiz konuk ihtiyaglarma gore yeniden diizenlenmesini gerektirmistir. Dizenleme
yapilirken temizlik, hijyen, sicak suya erisim, gibi ihtiyaglarin planlanmasi s6z konusu
olmaktadir. Bunun yaninda tiim bu modern bilesenlerin gelencksel ortamla entegre olabilecek
sekilde secilmesi gerekmektedir. Diizenleme yapilirken mekanm konuk ihtiyaglarma uygun
hale getirilmesi igin baz {irtinlerin eklendigi goriilmektedir. Eklenen driinler, banyo donanim
ve aksesuarlari, kisisel bakim aletleri, aydinlatma ve ayna iiriinleri, dekoratif ve fonksiyonel
aksesuarlar olarak karsimiza ¢ikmaktadir. Sekil 11°de 1slak hacim 6rnekleri paylasiimaktadir.
Modern bilesen seciminde bazi otellerin tarihi ¢evre ile uyumlu tasarim yapmakta
zorlandiklar1 diistiniilmektedir.

——

Sekil 11. Islak hacimlere eklenen modern bilesen 6rnekleri
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3.2.3 DoOnusiim

Gelenekseli yeniden islevlendirirken i¢ mekan tasariminda, geleneksel dokunun korunmasi
ve detaylara 6zen gosterilmesi 6nemlidir. Bu, Safranbolu evi 6zelinde bakildiginda minimal
ve incelikli secimlerin yapilmasmi gerektirmektedir. Incelenen &rneklere bakildiginda,
gelenckselden moderne doniisiim esnasinda bazi otellerin 1slak hacim igin ankastre iirlinleri
tercih ettigi gorilmektedir. Ankastre iirlinler duvara baglandiklar1 icin mekani daha ferah,
diizenli gostermektedir. Ankastre {iriinler az yer kaplayarak mekanda genis bir alan hissi
yaratmaktadir. Bu etkinin geleneksel Safranbolu evinin yalinligi ile Ortiistigi
diistiniilmektedir. Sekil 12°de 1slak hacimlerde ankastre iiriinlerin tercih edildigi bir banyo
ornegi paylasilmaktadir.

Sekil 12. Islak hacimlerde doniisiim 6rnegi

Geleneksel dokunun hakim oldugu odalarn i¢inde yer alan 1slak hacimlerin, doniisiim
siirecinde odanin biitiiniinden ayr1 olarak tasarlanmasi aura kayiplarma neden olmaktadir. Bu
durumun Oniine gegebilmek icin otellerin 1slak hacim kapilarmi oda igerisindeki ahsap
dokunun devamu niteliginde diisiinerek aura kayiplarinin 6niine gegmektedir. Bu se¢im ayni
zamanda duvar mobilyalar1 algisinin da korunmasina yardimci olarak gelenekselden moderne
doniisimde ge¢misin estetik mirasin1 ginimize entegre edilmesini saglamistir. Mekansal
atmosfer kayiplarinin 6niine gegmek i¢in yapilan ¢abalarin yani sira bazi otellerin s6z konusu
hedefe ulasma konusunda zorlandiklar1 gézlemlenmistir. Ozellikle gelenekselde ahsap olan
detaylarin ahsap renginde plastik elemanlar ile degistirilmesi, 1slak hacim doniisiimiinde
geleneksele atif yapmadan modern bilesenlerin kullanilmas: ayni mekanda iki farkli aura
yaratilmasi ile sonu¢lanmaktadir.

3.3 Aydinlatma Elemanlan

Geleneksel Safranbolu evleri gilinlimiiz aydmnlatma sistemlerinden 6nce lamba, fener,
kandil gibi araglar kullanilarak aydnlatilmaktadir. Bu aydmlatma elemanlar1 i¢in mekanda
tanimlanan alanlar ve elde edilen 15181 kalitesi mekana ait auranin giiclenmesine katki
saglamaktadir. Teknolojisinin ilerlemesi ile birlikte geleneksel Safranbolu evleri de bu
anlamda ginimize uyarlanmigtir. Konaklarin otellere doniisiimii esnasinda segilen
aydinlatma elemanlarinin geleneksel ile bir biitlin olusturacak bigimde kullanilmasi ve
mekansal auranin korunmasi bu anlamda 6nem arz etmektedir. Tarihi dokunun korunmasi ve
iirlin se¢im ve yerlesiminde gelenekselden referans alinmasi bu auranin korunmasima yardimci
olmaktadir.
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3.3.1 Aydinlatma Elemam Segimleri

Aydinlatma elemanlar1 yeni bir bilesen olarak odalara eklendigi i¢in otellerin aydinlatma
secimi yaparken farkli mekanlara farkli aydinlatma elemani ¢oziimleri aradiklar1 gézlenmistir.
Aydinlatma sec¢imlerinde siklikla aplikler, avizeler, sarkit lambalar, led avizeler, geri tavan
sistemlerinin kullanildig1 goriilmektedir. Mekanlara gore degisen aydinlatma c¢oziimleri
geleneksel ile uyumun yani sira birbirileri ile de uyum sorununu beraberinde getirmektedir.
Geleneksel konaklarin otellerin doniisiimii siirecinde aydmlatma elemani se¢iminin tutarliligi
konusunda zorlanildig1 diistiniilmektedir. Bu durum geleneksel ile moderni bir araya
getirirken estetik biitiinii saglamanin 6nemini ortaya koymaktadir.

3.3.2 Aydinlatma- Tavan iliskisi

Geleneksel Safranbolu evlerinin tavan dosemeleri, donemin ahsap isleme yeteneklerini
ustalikla sergileyen, geometrik desenlerle siislenmis detaylara sahiptir. Safranbolu evlerinin
tavan doseme detaylar1 Sekil 13°te bir 6rnekle gosterilmektedir. Tavan islemelerinin bu denli
kiymetli olmas1 aydinlatma se¢imlerinde tavan ile kurulan iligkiyi zorlamaktadir.

Sekil 13. Emirhocazade Ahmet Bey Bag Evi Tavan Désemesi (Giinay, 2004).

Secilen aydmlatma elemaninin hem konuk konforunda 6ne ¢ikan ihtiyaglar1 gidermesi hem
de geleneksel doku ile uyum igerisinde olmasi beklenmektedir. Buna paralel olarak sarkit
aydmlatma elemanlarinin sec¢ildigi goriilmektedir. Sarkit elemanlar tavan ddsemeleri ile
dogrudan ve kapatici bir etki igerisinde olmadiklar1 i¢in aydmlatma elemanlar1 tavana baglh
degil havada asili duruyor hissi vermektedir. Boylece tavan biitiinliigii ve tavan dosemelerinin
estetiginin kaybolmasmin oOniine gec¢ilmektedir. Sekil 14’te sarkit aydinlatma Ornegi
paylasilmaktadir. S6z konusu estetik kaygilarin aydinlatma se¢iminde basat olmadigi
durumlarda aura kayiplar1 yasandig1 goriilmektedir.

Sekil 14. Restoran bolumu aydinlatma- tavan iligkisi 6rnegi

Bazi otellerin aydinlatma sec¢imlerinde kararsizlik yasadigi diisliniilmektedir. Bu
kararsizligin temel sebepleri arasinda farkli tasarim kaygilar1 ile tasarlanmis aydinlatma
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elemanlarinin bir arada kullanilmasi, ayn1 mekanda kullanilan aydinlatma elemanlar1 arasinda
dil birligi saglanamamasi ve segilen aydinlatma elemanlarinin mekanin dokusu ile uyum
saglayamamasi yer almaktadir. Buna paralel olarak aydinlatma se¢iminde estetik kaygilarin,
fonksiyon beklentilerinin yani sira mekanin dokusuna uygun tasarimin segilmesi de goz
oniinde bulundurulmas1 gereken bir kriter olarak kargimiza ¢ikmaktadir.

3.3.3 Duvar Aydinlatmalari

Geleneksel Safranbolu evinde yaygin olarak kullanilan kandil ve fener gibi aydinlatma
araclarinin yerini modern yaklasimda apliklerin aldig1 goriilmektedir. Hem toplu kullanim
alanlarinda tavan aydinlatmalarin1 desteklemek icin hem de odalar1 aydmlatmak igin
kullanildig1 goriilmektedir. Aplikler kandil ve fener gibi yumusak 11k sagladiklar1 i¢in ge¢mis
ile olan baglar1 koruyarak sicak bir mekan yaratilmasma katki saglamaktadir. Bu sayede
mekansal auranm aktarilmasi konusunda geleneksel ile modern arasinda bir kopri
olusturmaktadir.

Bazi1 6rneklerde apliklerin yerlesiminde mekanin bir pargasi olarak goriilmesi ve izlenmesi
amaglanmistir. Sekil 15°te bu yaklasimin bir 6rnegi paylasilmaktadir. Bazi orneklerde ise
apliklerin kendisinin de goriilmesine perdeler araciligi ile engel olunmus sadece aplikten
yayilan yumusak 1s1gm hissedilmesi saglanmistir. Her iki 6rnekte de aplikler sadece
aydinlatma amaciyla kullanilmamig ayn1 zamanda gelenekselin ruhunu yansitma amaciyla da
kullanilmistir. Bu sayede mekanlar gelenekselde oldugu gibi yumusak 1sikla aydinlatilmis ve
modern bilesenlerle mekansal atmosferini kaybetmemistir.

Sekil 15. Oda ve ortak alanlarda duvar aydinlatmasi kullanim 6rnekleri
3.4 Rehabilitasyonla Eklenen Uriinler

Geleneksel konaklardan otellere doniistiiriilen mekanlar her ne kadar tarihi dokunun
deneyimini yasatmak istese de konuk memnuniyeti baglaminda giliniimiiz teknolojik
bilesenleri ile birlikte konforu da barmndwrmakla yiikiimlidiir. Bu konfor beklentilerini
saglamak adina otellerin konuk odalarinda buzdolabi, klima ve televizyon gibi 6geleri yaygin
olarak kullandiklar1 goriilmektedir. Modern bir otelde bu bilesenlerin kullanilmasi olagan
karsilanirken tarihi mekanda bu bilenlerin kullanilmasi beraberinde bir takim sorunlar
getirmistir. Bunlardan baslicasi tarihi atmosfer ile bu bilesenler arasinda uyum saglama cabasi
olarak goriilmektedir. Konuk konforunu artirmak amaciyla yapilan miidahalelerin bazi
orneklerde aura kayiplarina neden oldugu goriilmektedir.

3.4.1 Buzdolab

Buzdolabi, konuklarm konforunu artirmak icin tarihi mekanlara eklenen bir bilesen
olarak one ¢ikmaktadir. Modern otel bilesenleri arasinda yer alan buzdolabinin, tarihi dokuya
entegre edilmesi bazi zorluklar1 da beraberinde getirmistir. Mekanin hacmi goz Oniinde
bulunduruldugunda, buzdolaplarmin yerlestirilmesi konusunda c¢esitli ¢oziim yollari
gelistirilmistir. Genellikle beyaz renkli ofis tipi buzdolaplarmnin, ahsap agirlikli mekanlarda
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kullanilmas1 bileseni istenmeyen bir bigimde odak noktasi haline getirmektedir. Baz1 oteller
estetik kaygilarla bu sorunu ¢zmek igin buzdolabini ahsap bir dolap i¢ine yerlestirerek veya
kapagini ahsap panellerle kapatarak ¢oziim yolu aramislardir. Ayrica, buzdolabini odanin
duvar mobilyalarinin igine gizlemek de otellerin tercih ettikleri baska bir ¢6ziim olmustur.

Ancak, bazi oteller mekanin dokusunu bozmamak adina buzdolabini odalardan tamamen
cikarmay1 tercih etmislerdir. Bu yaklasimin, mekanin biitiinliigiinii koruyarak geleneksel
auray1 deneyimlemeyi amacladigi diisiiniilmektedir. Buzdolab1 gibi modern bilesenlerin tarihi
mekanlara entegrasyonu hem konforu saglamak hem de mekanin karakterini korumak adina
dikkatle ele alinmasi gereken bir konudur. Her otelin sahip oldugu fiziksel o6zellikler
baglaminda farkli ¢6ziim yollar1 bulmasi, mekéansal zenginligin ve estetigin korunmasi i¢in
onemli bir adimdir.

3.4.2 Klima

Safranbolu karasal iklim o6zellikleri gosteren bir bolgede yer almaktadir. En sicak aylar

olan temmuz ve agustos aylarinda sicaklik ortalama max 40° seviyesinde Olglilmektedir
(Glinay, 2004). Bu nedenle yaz aylarinda konaklamay1 tercih eden konuklarin konforu icin
bazi otellerin konuk odalarinda klima kullanmay1 tercih ettikleri goriilmektedir. Klima da
buzdolab1 gibi modern bilesen olarak kaniksanmis bir 6ge olsa da tarihi ¢evre ile uyumlu hale
getirmek beraberinde birtakim zorluklar1 getirmistir. Klimanin yerlesiminde, hacimce biiyiik
olmasi, mekanm diger bilesenleri ile ayni Olcekte olmamasi ve mekansal auranin
zedelenmesine neden olmasi gibi sorunlar ortaya c¢ikmaktadir. Bu nedenle klima tercih
edilirken fonksiyona paralel olarak tasarim se¢iminde de tarihi ¢evrenin estetik kaygilari ile
uyumlu iriinlerin se¢ilmesine 6zen gosterilmelidir. Baz1 otellerin bu sorunlarla kars1 karsiya
kalmamak adina odalarda klimaya yer vermedigi goriilmiistiir.

3.4.3 Televizyon

Incelenen otellerin ¢ogunda giinimiiz konfor beklentilerine cevap verebilmek adina oda
iclerine televizyon eklendigi gorilmektedir. Diizlem bi¢iminde olan bu televizyonlarin
mekana yerlestirilmesi konusunda sikintilar yasandigi goriilmektedir. Geleneksel Safranbolu
evlerinde; odalarin baz1 duvarlarinda duvar mobilyalarinin yer almakta diger duvarlarda ise
kiiciik ve sik araliklarla pencereler bulunmaktadir. Bu durumun televizyonun mekan
icerisindeki yerlesimini zorlagtiran faktorlerden biri oldugu disiiniilmektedir. Bazi oteller
mekanla estetik olarak iliski kuramasa da televizyonu mekana entegre ederken bazi mekanlar
televizyonu duvar mobilyalarinin i¢ine saklamislardir. Televizyon yerlesim 6rnekleri Sekil
16’da paylasilmaktadir. Bu ¢oziimde televizyon, ihtiya¢ duyulmasi durumunda dolaplarin
kapaklar1 acilarak izlenmekte, ihtiya¢c duyulmadigi durumlarda ise kapaklarin arkasinda
kalarak gizlenmektedir. Boylece hem geleneksel Safranbolu evinin fonksiyonel yapisina atifta
bulunulmakta hem de ihtiyag¢ duyulmadigi durumlarda goriinmesi engellenerek geleneksel
dokunun deger kaybi1 yasamasi engellenmektedir. Televizyon yerlesiminde gozlenen bir diger
zorluk ise kablolarm, baglantilarin gériiniir olmayacak sekilde ¢oziilmesi gerekliligidir.

Sekil 16. Televizyon yerlesim 6rnekleri
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4  Sonuglar ve Oneriler

e (alismada geleneksel Safranbolu evlerinin otellere doniistiiriilmesi siirecinde goriilen i¢
mekan degisiklikleri incelenmistir. Yeniden islevlendirme siirecinde geleneksel ve
modern arasindaki uyum, olusturulan bes tema iizerinden agiklanmistir. Bu temalar:
mobilya, islak hacim, aydinlatma, eklenen i¢ mekan bilesenleri ve bahge bilesenleri
bicimindedir. Tarihi mekanlarin yeniden islevlendirmesinin basarili bir bigimde
uygulandigr durumlarda hem mekanin tarihi dokusunun ve kiiltiiriiniin aktarilmasi
saglanmis hem de tarihi yapilarin bakim, onarim, korunma gibi gereksinimleri
karsilanmis olmaktadir. Boylece hem kiiltiirel mirasin korunmasma katki saglanmis
hem de turizmin gelismesi ile bolge ekonomisine katki saglandig1 goriilmektedir.

e Ancak bu slrecin beraberinde birtakim zorluklar getirdigi gozlenmistir. Mimari
ozelliklerin korunmasi ve konaklarin 6zgiin degerinin korunmasiyla birlikte, modern
konuk beklentilerine de uyum saglanmas1 gerekmektedir. Bu dengeyi saglamak zaman
zaman zorlayici olabilmektedir. Tarihi yapilarin otel olarak kullanilmas: siirecinde,
korunmas1 gereken unsurlarin belirlenmesi, modern konuklarin beklentilerine cevap
verebilme yetenegi ve islevselligin saglanmasi gibi faktorler, bu zorluklarm ortaya
¢ikmasida onemli bir rol oynamaktadir.

e GUnumiiz konfor beklentilerini karsilamak adina eklenen teknolojik cihazlarim mekanin
Olcegi ile uyumlu hale gelememesi ya da uygun iriinlerin se¢ilmemesi oda igerisinde
odak noktasmin s6z konusu iirlinler olmasina neden olmaktadir. Odagin geleneksel
dokudan modern iiriinlere kaymasi, mekansal aura kayiplarma neden olmaktadir. Bu
durum i¢inde bulunulan mekanm hissedilmesini, anlasilmasmi ve deneyimlenmesini
engellemektedir.

e Geleneksel Safranbolu evlerinin bulundugu tarihi ¢ars1 bolgesi Diinya Miras Listesinde
yer almasi sebebiyle koruma altindadir. Tarihi bolgenin sokaklarinda gezerken tarihi
miras1 deneyimlemek bu nedenle oldukg¢a kolaydir. Fakat tarihi yapilarin i¢ mekanlar1
incelendiginde yapilan uygulamalarin farklilastigi ve bunun tarihi dokuyu deneyimleme
imkanmi kisitladigi gorilmektedir. Bu nedenle mekan i¢inde yapilan miidahaleler ya da
eklenen mobilyalar gelenekselle uyumlu bir bigimde estetik kaygilar gozetilerek
secilmelidir. Bu baglamda otel sahiplerinin bdyle bir nosyona sahip olmamasi ya da
profesyonel destek almamalar1 durumlarinda mekan igerisinde dil uyumsuzluklari, farkli
donem, Usluplara ait tirtinlerin iliskisiz olarak yerlestirilmesi gibi auranin bozulmasina
neden olan ¢oziimler iiretildigi goriilmektedir. Buna paralel olarak otel sahiplerinin
tarini cevrede meké&nsal auranin korunmasi konusunda bilgi eksikligi oldugu
diisiiniilmektedir. Bolgede bulunan otel isletmecilerinin konu ile ilgili bilgilendirilmesi,
egitimler verilmesi, hatta {irlin degisikligine gidilmesi durumlarinda tasarim destegi
alabilecekleri bir birimin olmasi gerekliligi bu calismanin bir diger sonucu olarak
karsimiza ¢ikmaktadir.

e Sonu¢ olarak, tarihi konaklarmn otellere doniisiimii, kiiltiirel mirasin korunmasi ve
stirdiiriilebilir turizm agisindan 6nemli bir stratejidir. Ancak, basarili bir doniisiim i¢in
dikkatli planlama, yerel yonetimlerle isbirligi ve siirdiiriilebilir yontemler gelistirilmesi
gerekmektedir. Gelecekteki arastrmalar, farkli cografi ve Kkiiltlirel baglamlarda bu
doniislim siirecinin etkilerini daha detayli olarak inceleyebilir.

Yazar Katkilan

Go0zde Zengin: Kavramsallastirma, metodolojinin belirlenmesi, aragtirmanin yapilmasi,
analizlerin yapilmasi, veri iyilestirme, kaynaklar, gorsellestirme, makale taslak olusturma,
makale yazma, inceleme ve duizenleme.
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Finansal destek beyani
Finansal destek alinmamustir.

Cikar catismasi
Yazar ¢ikar ¢atigmasi beyan etmemistir.
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Effect of 3D printing speed on mechanical and thermal properties of wood-
PLA composite filament

Nasir Narlioglu*

ABSTRACT: This study was carried out to examine the effect of the change in printing
speed on the material properties of printing wood flour-filled filaments on a 3D printer. First,
hornbeam wood flour was added to the Polylactic acid (PLA) polymer and then mixed in a
twin-screw extruder, and then a wood-PLA composite filament with a diameter of 1.75 mm
was produced. Then, test samples were printed from the produced wood-PLA composite
filament at different printing speeds (40-50-60 mm/s) using a 3D printer. Tensile strength and
hardness tests were performed to determine the mechanical properties of the 3D printed
samples. According to the tensile strength test results, the tensile strengths of the 3D printed
samples exhibited different values with the change in printing speed. The highest tensile
strength value was determined as 23.02 MPa at a printing speed of 50 mm/s, and the lowest
tensile strength value was 22.14 MPa at a printing speed of 40 mm/s. According to the Shore
D test results, the lowest hardness value was measured as 85.33 at a printing speed of 40
mm/s, and the highest value was measured as 86.1 at a printing speed of 60 mm/s. The
crystallinity percentage of PLA first increased and then decreased with the increase in 3D
printing speed according to the Differential Scanning Calorimetry (DSC) results. In addition,
3D printing speed did not have much effect on the melting temperatures of PLA.

Keywords: Wood flour, composite, 3D printing speed, tensile strength, DSC analysis

3B baski hizinin odun-PLA kompozit filamentin mekanik ve termal
Ozelliklerine etkisi

OZ: Bu ¢alisma, odun unu dolgulu filamentlerin 3 boyut (3B) yazicida yazdirilmasinda, bask1
hizindaki degisikligin malzeme oOzellikleri {izerindeki etkisini incelenmek amaciyla
yapilmistir. Ik dnce giirgen odun unu Polilaktik asit (PLA) polimerine ilave edildikten sonra
cift vidali ekstruderde karistirilmis ve ardindan 1.75 mm c¢apmda odun-PLA kompozit
filamenti tretilmistir. Daha sonra, Uretilen odun-PLA kompozit filamentinden 3B yazici
kullanilarak farkli baski hizlarinda (40-50-60 mm/s) test numuneleri yazdirilmistir. 3B
yazdirilmis numunelerin mekanik 6zelliklerini belirlemek icin ¢cekme mukavemeti ve sertlik
testleri yapilmistir. Cekme mukavemeti testi sonuglarina gore 3B yazdirilmis orneklerin
cekme mukavemetleri baski hizindaki degisiklik ile farkli degerler sergilemistir. En yiiksek
cekme mukavemeti degeri 50 mm/s baski hizinda 23.02 MPa, en diisikk ¢gekme mukavemeti
degeri ise 40 mm/s bask1 hizinda 22.14 MPa olarak tespit edilmistir. Shore D testi sonuglaria
gore en diisiik sertlik degeri 40 mm/s bask1 hizinda 85.33 olarak, en yiiksek deger ise 60 mm/s
baski hizinda 86.1 olarak Ol¢lilmiistiir. Diferaniyel Taramali Kalorimetre (DSC) sonuglarina
gore 3B bask1 hiz1 artis1 ile PLA nin Kristallik ylizdesi 6nce artmis, sonra azalmistir. Buna ek
olarak, 3B bask1 hizinin PLA’nin erime sicakliklarina ¢ok fazla etkisi olmamustir.

Anahtar kelimeler: Odun unu, kompozit, 3B bask1 hizi, gekme direnci, DSC analizi
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1 Introduction

The impact of technological developments that can be seen in many areas has also
manifested itself in manufacturing methods. Nowadays, the mechanized systems of the past
have been replaced by modern production systems. One of these production systems is
additive manufacturing and it has become increasingly widespread with technological
developments and has become accessible to many users including amateur users.
Developments in manufacturing methods have also been felt clearly in production methods
such as rapid prototyping. A common type of rapid prototyping fused deposition model
(FDM) 3D printer has attracted the attention of material scientists and manufacturers with
their ease of use and reasonable prices. Biopolymers such as Polylactic acid (PLA) and PHB
(Polyhydroxybuturate) are widely used as polymers in FDM type 3D printers. Improving
material properties and reducing production costs have recently aroused the interest of
researchers by adding various organic and inorganic filler/reinforcement materials to
polymers.

3D printing known as additive manufacturing or rapid prototyping is the process of
obtaining objects from 3D models drawn with computer-aided design (CAD) or similar
programs. There are many 3D printing methods with different working principles. Among
these methods, the most common 3D printing methodology is FDM in which suitable
polymers (such as PLA and ABS) are generally melted from a hot nozzle and constructed in a
stack on top of each other. The FDM method is preferred because it is reliable, simple,
affordable and requires minimal material waste. 3D structures are printed layer by layer by
depositing filament heated to the melting temperature region and extruded through the
extrusion nozzle (Tao et al., 2017; Tlmer et al., 2021). This technique allows complex shapes
to be made with a degree of design freedom unattainable through traditional manufacturing
methods (Blok et al., 2018). The properties of the parts depend on the correct selection of
process parameters in the FDM method (Alkahari et al., 2021). In the FDM method, the
mechanical strength and surface quality of printed parts can be controlled by changing the
properties of polymeric filaments as well as printing parameters such as nozzle temperature,
polymer flow, layer thickness and scanning angle (Khosravani et al., 2020).

The integration of wood materials into additive manufacturing is interesting due to their
positive impact on the environment and better properties (Tao et al., 2017). Wood-filled PLA
is preferable to solid wood considering the cost-strength balance (Karabag et al., 2023). In
recent years, great attention has been paid to the development of 3D printing materials
including the use of biodegradable, natural or recycled materials such as wood fibers,
cellulose and lignin. Wood waste is an interesting and relatively inexpensive material that can
be processed and used as a 3D printing material (Wimmer et al., 2015; Kuo et al., 2016; Kariz
et al., 2018). The low price of waste wood particles is one reason why they are used in wood
plastic composites (WPC) which limits the use of more costly thermoplastic polymers. Using
natural materials such as wood helps reduce the use of petroleum-based plastics and reduces
environmental impact (Kim and Pal 2010). Composite materials have been produced by
mixing wood flour with waste and neat polymers (Bal 2023; Bal et al., 2023). In addition, it
has been stated that the produced composite materials can be used in some application areas
where high rigidity and low strength are required (Bal et al., 2023).

PLA composite filaments can be used in 3D printing due to the good interfacial bond
between biomaterials and PLA matrix (Tisserat et al., 2015). PLA is a promising biopolymer
that can replace traditional petroleum-based polymers due to its renewability, recyclability

98



Narlioglu, Furniture and Wooden Material Research Journal, 7 (1), 97-106

and biodegradability. Additionally, PLA has excellent fabrication capability as it is suitable
for processing by various methods. The excellent mechanical properties of PLA can be used
in the production of biomaterials suitable for a variety of applications. PLA is one of the most
produced biopolymers among the biopolymers available in the world. Therefore, the
effectiveness of PLA composites has been examined by researchers as an alternative material
to replace non-renewable petroleum-based materials (llyas et al., 2021).

The biggest disadvantage of the FDM method, which is a common technique of the
additive manufacturing method, is that it takes more time for the production of 3D materials
than traditional manufacturing methods (such as machining and welded manufacturing). A
few scientific studies have been conducted to determine the effect of printing speed on the
properties of materials in the FDM method. However, commercial filaments were used in all
previous studies. In previous studies, it has been observed that there are limited studies on
converting wood flour and other lignocellulosic materials into filaments after mixing them
with PLA and then examining the effect of printing speed on material properties from 3D
printing parameters. In this study, wood-PLA composite filament was produced by mixing
wood flour with PLA polymer. After, test samples were printed from wood-PLA composite
filament using a 3D printer working according to the FDM method. Then, the mechanical and
thermal properties of the 3D printed test samples were examined.

2 Material and Method
2.1 Material

In this study, hornbeam (Carpinus betulus L.) wood flour was used to produce wood-PLA
composite filament (Figure 1a). The hornbeam tree is a broad-leaved tree species seen in
mountainous and hill forests of Europe and Asia. They are widespread in Romania, Croatia,
France, Iran and Turkey (Fodor et al., 2018). Hornbeam wood was obtained from local timber
producers in izmir Tirkiye. PLA polymer (FKUR Bioflex® 3D Clear) was used as the
polymer matrix (Figure 1b). PLA polymer was obtained through purchase. Bio-Flex® 3D
Clear is a biodegradable polymer compound suitable for the production of 3D printing
filaments. The biobased carbon content is 90%. Melt flow rate (190 °C/2.16 kg) is 10 (g/10
min) and density is 1.25 g/cm®.

S — b)

Figure 1. Wood flour (a) and PLA (b)
2.2 Method
2.2.1 The production of wood-PLA composite filament

Hornbeam wood was ground in a laboratory type grinder (Loyka LKD 100) and then
sieved in a shaker sieve and the wood flour remaining under an 80 mesh sieve (149 to 177
um) was used for the production of composite filament. Wood flour was dried in an oven set
at 103+2 °C until it reached full dry weight before the production of composite filament.
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25% wood flour by weight was added to the PLA polymer and mixed in a twin-screw
extruder with a mold opening of 1.75 mm and an L/D ratio of 20 for the production of wood-
PLA composite filament. The extruder temperature profile was adjusted to 90-120-150-165-
180 degrees from the feeding section to the exit section, respectively, and the screw speed
was adjusted to 50 rpm. Extruded 1.75 mm diameter wood PLA composite filament was
produced in the desired length with a filament winder (Figure 2).

Figure 2. Wood-PLA composite filament
2.2.2 Printing wood-PLA composite filament on a 3D printer

Extruded wood-PLA composite filament with a diameter of 1.75 mm was printed using an
open source 3D printer (Sigma 3D printer) with a 0.6 mm nozzle. A 0.3 mm layer thickness,
100% print infill density, 50°C printing bed temperature, 190 °C nozzle temperature, and 30°
raster angle parameters were selected to print the tensile test samples.. Test samples were
produced at printing speeds of 40, 50 and 60 mm/s using the same printing parameters to
determine the effect of 3D printing speed on the properties of composite materials (Figure 3).

Figure 3. 3D printed tensile test sample
2.2.3 Mechanical properties

Tensile test specimens were printed according to ASTM D638 (Type-1V). Tensile strength
tests were carried out with an electromechanical universal mechanical testing device (AL-UN
20; Alarge) with a capacity of 20 kN. The clamp movement speed was set to 2 mm/min in the
tensile test. The hardness tests were carried out according to ASTM D2240 using the Shore D
hardness device to determine the hardness of 3D printed composite samples.

2.2.4 Thermal properties

Differential Scanning Calorimetry (DSC) analyzes were performed between 30 °C and 200
°C using the Shimadzu DSC-60 device set to 100 ml/min nitrogen gas flow rate and 10
°C/min heating rate. All samples were weighed to about 10 mg for DSC analyses.

3 Results and Discussion

Tensile strengths of 3D printed wood-PLA filaments at different printing speeds are given
in Figure 4. The tensile strength first increased slightly and then decreased as the printing
speed increased. The tensile strength values of the test samples printed at 40-50 and 60 mm/s
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printing speeds were determined as 22.14, 23.02 and 22.21 MPa, respectively. Yang and Yeh
(2020) examined the properties of 3D printed composites using commercial WPC filament
(40% wood fiber and 60% PLA). In the study, they reported that the printing speed did not
have a significant effect on the tensile strength properties of the composites.
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Figure 4. Tensile strengths of 3D printed samples

The Young's modulus of the 3D printed wood-PLA composite samples is shown in Figure
5. The effect of 3D printer printing speed on Young's modulus of wood-PLA composites was
parallel to the tensile strength values. The lowest Young's modulus was determined as 1344
MPa in the test sample printed at 40 mm/s printing speed, and the highest Young's modulus
was determined as 1410 MPa in the test sample printed at 50 mm/s printing speed. In
addition, the Young's modulus of the test sample printed at a printing speed of 60 mm/s was
calculated as 1369 MPa. As a result of comparing the Young's modulus of 3D printed
composites from commercial filament, it was reported that the Young's modulus values of
composites produced at 30-50 and 70 mm/s printing speed were 1731, 1650 and 1682 MPa,
respectively (Yang and Yeh 2020). This study determined that Young's modulus of 3D
printed test samples first increased and then decreased with the increase in printing speed.
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Figure 5. Young's modulus of 3D printed samples

The elongation at break values obtained from the tensile strength test results of 3D printed
test samples from wood-PLA composite filaments are shown in Figure 6. The highest
elongation at break was determined as 2.17% in the test sample printed at 50 mm/s printing
speed among 3D printed wood-PLA composite samples. The lowest elongation at break was
determined as 1.98% in the test sample printed at 40 mm/s printing speed. In addition, the
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elongation at break of the test sample printed at a printing speed of 60 mm/s was determined
as 2.01%.

Elongation at Break (%)

50
Velocity (mm/s)

Figure 6. Elongation at break of 3D printed samples

Figure 7 shows the effect of printing speed on the hardness of 3D printed wood-PLA
composites. The effect of printing speed on the hardness of composites was different from the
tensile strength. Shore D hardness of the test sample printed at 40 mm/s printing speed was
measured as 85.33. Shore D hardness of the test samples printed at 50 mm/s and 60 mm/s
printing speeds were calculated as 85.6 and 86.1, respectively. The hardness of the

composites increased slightly by increasing the 3D printing speed as seen from the Shore D
results.
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Figure 7. Shore D hardness of 3D printed samples

DSC curves of samples printed at different printing speeds using wood-PLA composite
filaments are shown in Figure 8. DSC analysis is a type of thermal analysis that shows the
change of the material according to the flow rate of heat under the programmed temperature.
Typical DSC curve represents the endothermic and exothermic performance of the sample
with varying temperature and heat flow rate (H6hne et al., 2003). The glass transition refers to
the segmental movement of amorphous polymer chains that begin to freeze or unfreeze for
polymers (Forrest and Veress 2001). The curves similar to the characteristic DSC curve of
PLA composites were revealed as a result of the DSC analysis of 3D printed samples. Three
different DSC peaks namely glass transition temperature (Tg), crystallization temperature (Tc)
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and melting temperatures (Tm) were observed as distinct endothermic and exothermic peaks
in all DSC curves.
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Figure 8. DSC curves of 3D printed samples

In addition to the Tg, Tc and Tm obtained as a result of DSC analysis of 3D printed test
samples, enthalpy values (4nm and 4cc) recorded as a result of endothermic and exothermic
reactions and DSC crystallite percentages (Xcr) calculated from these values are given in
Table 1. The Tg increased slightly with the increase in the 3D printing speed of wood-PLA
composites. The highest T4 was measured as 47.80 °C in the sample printed at 50 mm/s
printing speed, and the lowest Ty was 46.02 °C at 40 mm/s printing speed. Ty depends on the
molecular properties, composition and compatibility of the components in the composite
(Chung et al., 2002). The effect of changing printing speed on T¢ and Tn is similar. It was
determined that as the printing speed increased, both temperature values (Tc and Tm) first
decreased and then increased. There were significant changes in the Xcr with the change in the
printing speed of 3D printed wood-PLA composites. The highest Xcr value was calculated as
38.37% in the test sample printed at 50 mm/s printing speed, and the lowest X¢r value was
calculated as 30.02% in the sample printed at 60 mm/s printing speed among the samples.

Table 1. DSC values of 3D printed samples

Velocity Ty Te Tm Anm Ace Xer

(mm/s) °C) Q) (°C) (179) (/9) (%)
40 46.02 92.59 151.21  -10.60 13.14 34.04
50 47.80 91.70 149.89  -12.05 14.71 38.37
60 47.28 92.83 151.27 -9.17 11.77 30.02
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4  Conclusion

In this study, wood flour-filled PLA filament was produced and research was conducted on
optimizing and characterizing the 3D printing processes of the produced filament. Among
these studies, the effect of 3D printing speed on the mechanical and thermal properties of
materials has aroused curiosity, and as a result, the necessary investigations have been carried
out using relevant tests and analysis methods. The results obtained from the research and
investigations are summarized below.

e It has been determined that the printing speed in the 3D printing process affects
the tensile strength properties of the materials. It was observed that tensile
strength properties first increased and then decreased with increasing printing
speed.

e As a result of mechanical tests, changes in the properties of the materials were
observed when the printing speed was low or high. The mechanical properties of
the materials exhibited optimum values at speeds between the two printing
speeds, low and high.

e The increase in 3D printing speed had a significant effect on DSC values
according to the thermal analysis results. In general, it was observed that the test
sample printed at medium speed had a higher crystallite ratio.

e In future studies, significant contributions can be made to this research field by
producing PLA composite filaments reinforced with different wood flour or
fibers to optimize the 3D printing of biocomposites and then printing them by
changing the printing parameters (such as temperature, nozzle tip diameter,
printing angle) in the 3D printer.
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Tiirkiye’nin mobilya sektoriinde uluslararasi rekabet giicii: Secilmis
iilkeler ile karsilastirmah analiz

Serdar Ozdzen'*

OZ: Mobilya sektorii Tiirkiye’nin en eski sektdrlerinden biridir. Onceleri diisiik teknolojiye
ve emek yogun iiretim yapisina sahip olan mobilya sektorii giiniimiizde daha fazla bilgi ve
sermaye yogun bir sektor olma yolunda ilerlemektedir. Sektor, Uretim ve istihdam ile Glke
ekonomisine katki saglamaktadir. Ayrica sektoriin iilke ihracatina net katkisiyla Tiirkiye,
diinya mobilya ihracatinda 6nemli ihracatgi iilkeler arasinda yer almaktadir. Calismanin
amaci, diinya mobilya ihracatinda 6ne ¢ikan iilkeler arasinda yer alan Tiirkiye’nin 2012-2021
dénemi igin uluslararasi1 mobilya ticaretinde rekabet glcinli belirlemek ve bu Ulkeler
karsisinda Tiirkiye’nin uluslararasi rekabet giiciinii karsilastirmali analiz etmektir. Caligmada,
mobilya sektdriine iliskin toplam 7 alt {iriin grubu i¢cin Balassa’nin A¢iklanmis Karsilastirmali
Ustiinlikler Endeksi hesaplanmustir. Calismada elde edilen bulgular, Tiirkiye'nin mobilya
sektoriinde toplam 7 alt sektorden 6’sinda zayif, sadece 1 alt sektorde orta derecede rekabet
ustiinliigiine sahip oldugunu gdostermistir. TUrk mobilya sektdrinin rekabet gucinin
artirilmasi i¢in inovasyon, Ozgilin tasarim, markalasma ve Ar-Ge faaliyetlerine agirlik
verilmesi gerekmektedir. Hammadde tedarikinde yasanan sorunlar mobilya sektoriinii
olumsuz etkilemektedir. Yeterli miktarda ve kalitede hammaddenin uygun fiyatla tedarigi
saglanmalidir.

Anahtar kelimeler:Mobilya Sektérii, Uluslararas1 Rekabet Giicii, Karsilastirmali Ustiinliikler

International competitiveness in Tiirkiye’s furniture sector: A comparative
analysis with selected countries

ABSTRACT: The furniture sector is one of the oldest sectors in Turkiye. In the past, it had a
low-tech and labor-intensive production structure, but now it is on the way to becoming a
more information and capital-intensive sector. The sector contributes to the country's
economy with production and employment. In addition, with the sector's net contribution to
the country's exports, Tirkiye is among the major exporter countries in world furniture
exports. The study aims to determine the competitiveness of Turkiye in the international
furniture trade and to analyse comparatively the international competitiveness of Turkiye
against the leading (selected) countries in the world furniture export for the period 2010-2021.
In this study, Balassa's Revealed Comparative Advantage (RCA) index was calculated for
seven sub-products group. The findings showed that Tirkiye had a weak competitive
advantage in 6 out of 7 sub-sectors in the furniture sector and a moderate competitive
advantage in only 1 sub-sector. In order to increase the competitiveness of the Turkish
furniture sector, it is necessary to focus on innovation, original design, branding and R&D
activities. Problems in the supply of raw materials negatively affect the furniture sector. It
should ensure the supply of raw materials in sufficient quantity and quality at an affordable
price.
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1 Giris

Mobilya, glndelik yasamin her alaninda kullanilan, birey ya da toplumun yasamini
kolaylastirtp, refahin1 saglayan, yasama iliskin gerek sosyal gerekse de kiltiirel ihtiyaclara
hizmet eden, mekéan ile insanin hayat kalitesine direkt etki eden, herkesce ihtiya¢ duyulan ve
kullanilan iriin olarak tanimlanabilmektedir (Sen ve Cinar, 2017). Mobilya kullanimi eski
caglara kadar uzanmaktadir. Eski ¢aglara ait mobilya drnekleri Mezopotamya, Misir ve Ege
etrafindaki Tung Cagr (MO.3500-1000) ve Yunan, Etriisk ve Roma’ya ait Demir Cagi
(M0O.1000- MS.350) medeniyetlerinden giiniimiize ulasmistir (Boyla, 2012).

Yasamin her alaninda kullanilan mobilyalar, 06zelliklerine gore cesitli siniflara
ayrilmaktadir (Sakarya ve Canli, 2011; Dogu Akdeniz Kalkinma Ajansi, 2014; Usta ve
Gdray, International Furniture Congress). Kullamldigi yere gore, i¢c mekan ve dis mekan
mobilyalari; konuslandirma durumuna gére, hareketli ve sabit mobilyalar; Uretimi icin
kullanilan yapim malzemesinin tirline gore, ahsap, metal, plastik, mermer ya da tas, cam ve
kompozit mobilyalar; kullanimlarina gore, bireysel kullanima yonelik ve toplu kullanima
yonelik mobilyalar ki bunlar, kentsel mobilyalar (ic mekéan, dis mek&n mobilyalar1) ve
endustriyel mobilyalar (endustriyel Grlnler Greten mekanlarda imalat sanayi alaninda
kullanilan mobilyalar); cografi bélge tarzina gére Ingiliz, italyan, Iskandinav mobilya;
mekana gOre mutfak, salon, yatak odasi, ofis mobilyalar1 olarak siniflandirilabilmektedir.
Ayrica, moduler mobilya, lamine mobilya, fonksiyonel mobilya, klasik veya modern mobilya,
demonte ya da monteli mobilya olarak smiflara da ayrilabilmektedir.

Dis ticareti yapilan mobilya tirtinlerini Standart Uluslararasi Ticari Siniflandirmaya (SITC
Rev.3- Standart International Trade Classification) gore, 821. ve 872.4. (iriin tanimlar1 i¢inde
smiflandirmak miimkiindiir: 821.1 Oturmaya mahsus mobilyalar (yatak haline getirilebilen
tiirden olsun olmasin), bunlarin aksam ve parcalari, 821.2 Yatak takimi esyasi ve benzeri
esya, 821.3 Metalden mobilyalar (baska yerde siniflandirilmayan), 821.5 Ahsap mobilyalar
(bagka yerde simniflandirilmayan), 821.7 Diger maddelerden mobilyalar (baska yerde
smiflandirilmayan), 821.8 — 821.3, 821.5 ve 821.7 grubundaki mobilyalarin aksam ve
parcalari, 872.4 Tipta, cerrahide, dis hekimliginde ve veterinerlikte kullanilan mobilyalar,
bunlarin aksam ve pargalar1 (UN Comtrade, 2023).

Tablo 1: Diinya Mobilya Ihracatinda ilk 10 Ulke ($)*

Siralama  Ulkeler 2019 Pay (%) 2020 Pay (%)
1 Cin 64.480.044.897 33,3 70.068.357.552 36,0
2 Polonya 13.399.545.759 6,9 13.112.859.495 6,7
3 Almanya 13.784.667.960 7.1 12.916.111.036 6,6
4 Vietnam 8.984.680.731 4.6 11.364.266.868 5,8
5 italya 11.681.260.871 6,0 10.679.762.022 5,5
6 Meksika 8.108.452.469 42 7.055.424.150 3,6
7 ABD 7.862.605.704 41 6.586.745.913 34
8 Cekya 4.516.534.220 2,3 4.274.633.414 2,2
9 Kanada 4.698.348.515 2,4 3.967.494.316 2,0
10 Tirkiye 3.415.112.557 1,8 3.426.582.776 1,8

Diinya 193.916.384.522  100,0  194.904.600.625  100,0

! Siralamada 2020 yili esas almmustir. Literatir g6z 6ntinde bulundurularak lkelerin mobilya ihracati SITC
821.1, SITC 821.2, SITC 821.3, SITC 821.5, SITC 821.7, SITC 821.8 ve SITC 872.4 toplamindan olugmaktadir.
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Emek yogun bir sektor olan mobilya sektori, bilgi ve teknolojinin kullanimi ile sermaye
yogun bir sektdr olma yolunda ilerlemektedir. Sektorde gelismekte olan {ilkeler kadar
gelismis iilkelerinde diinya mobilya ihracatinda st siralarda yer aldigi gériilmektedir. Dlnya
mobilya ihracatindaki ilk 10 iilke Tablo 1’de verilmistir (UN Comtrade, 2023).

Tablo 1’e gore, 2019 yilinda diinya mobilya ihracat1 193,9 milyar dolar iken, 2020 yilinda
194,9 milyar dolara ulasmistir. Cin, 2020 yilinda yapmis oldugu 70,1 milyar ihracatla
diinyanin en biiyilk mobilya ihracat¢is1 konumundadir. 2020 yilinda toplam 194,9 milyar
ihracatin %36’s1 Cin’e aittir. Cin’i, Polonya, Almanya, Vietnam ve italya takip etmektedir.
Tiirkiye, 2020 yilinda 3,4 milyar dolar ihracatiyla diinya mobilya ihracatinda 10. sirada yer
almaktadir.

2020 itibariyle AB icinde Polonya, Almanya ve Italya en biiyiik 3 ihracatc1 iilkedir. AB’de
mobilya sektorl ileri derecede uzmanlasmistir. Dosenmis-kaplanmis mobilyalar ve mutfak
mobilyalar1 en biiyiik alt sektor grubudur. Ahsap mobilya transit ticareti AB {ilkeleri i¢inde
onemli bir yere sahiptir (Ticaret Bakanligi, 2021). Diinya mobilya ithalatinda ilk 10°da yer
alan ulkeler Tablo 2’de verilmistir (UN Comtrade, 2023).

Tablo 2. Diinya mobilya ithalatinda ilk 10 iilke ($)?

Siralama Ulkeler 2019 Pay (%) 2020 Pay (%)
1 ABD 56.004.616.226 30.0 55.102.419.413 30.8
2 Almanya 15.800.606.320 8.5 16.139.060.923 9.0
3 Fransa 9.425.218.153 5.0 8.649.971.372 4.8
4 Ingiltere 9.652.368.554 5.2 8.518.436.523 4.8
5 Japonya 7.228.355.454 3.9 7.005.229.421 3.9
6 Kanada 7.303.119.881 3.9 6.547.921.676 3.7
7 Hollanda 5.718.720.687 3.1 6.188.687.583 3.5
8 Avustralya 3.785.840.700 2.0 4.003.279.791 2.2
9 Isvigre 3.412.296.560 1.8 3.502.655.778 2.0

10 Ispanya 3.629.814.058 1.9 3.324.497.148 1.9
Diinya 186.813.518.826  100.0 178.749.229.340 100.0

Tablo 2’ye gore, diinya mobilya ithalati1 2019 yilinda 186,8 milyar dolar iken 2020 yilinda
178,7 milyar dolara gerilemistir. Diinyanin en biiyiilk mobilya ithalat¢is1 konumundaki {ilke
ABD’dir. ABD 2020’de 55,1 milyar dolar degerindeki ithalati ile tek basina, diinya mobilya
ithalatinin yaklasik %30,8’lik kismin1 gergeklestirmistir. ABD’den sonra en biiyiik ithalatg1
iilke Almanya’dir. Almanya, 2020°de gergeklestirdigi 16,1 milyar dolarlik ithalat ile diinya
mobilya ithalatinin %9’unu gerceklestirmistir. 2020 yili itibariyle diger onemli ithalatci
iilkeler ise swrasiyla Fransa, Ingiltere, Japonya, Kanada, Hollanda, Avustralya, Isvicre ve
Ispanya’dir. Almanya, Fransa, Hollanda ve Ispanya AB’nin en blyik mobilya tiiketicileridir
(Ticaret Bakanligi, 2021).

Dis pazarlara yonelen Tirk mobilya sektor(, net ihracatci yapisiyla iilke ekonomisine katki
saglamaktadir. 2001 yilindan itibaren siirekli dis ticaret fazlasi veren mobilya sektori (Ekici,

2 Siralamada 2020 yili esas almmustir. Literatiir g6z 6ntinde bulundurularak lkelerin mobilya ihracati SITC
8211, SITC 8212, SITC 8213, SITC 8215, SITC 8217, SITC 8218 ve SITC 8724 toplamindan olugmaktadir.
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2021) ihracata artan katkisi yaninda sagladigi istthdam ile iilke ekonomisinin 6nemli
sektorlerinden birisidir (TOBB, 2017). Turk mobilya sektori panel mobilya-masif mobilya
(yatak odasi, yemek odasi, geng ve ¢ocuk odasi, giyinme odasi, aksesuar modeller), dosemeli
mobilyalar (koltuk, kdse takimlari, kanepe, uzanma ve dinlenme {initeleri), mutfak, banyo ve
ofis mobilyalari, bah¢ce mobilyalari, mobilya aksam ve parcalari, tasit mobilyalari, hastane
mobilyalari, otel mobilyalari, aksesuarlar gibi genis kullanim alanina sahip trlnler Greten bir
sektordir (T.C. Kalkinma Bakanligi, 2015). Mobilya sektoriinde tiretilen tiriinler arasinda en
cok ev ve bahce mobilya smifinda oturma grubu, yemek odasi mobilyalar1 ile ofis
mobilyalarina talep olmaktadir (Asarkaya, 2015).

Tiirkiye’de mobilya sektoriiniin gegmisi eskilere dayanmaktadir. Onceleri atolye tipi kiigiik
isletmelerin iiretim yaptig1 mobilya sektoriinde 1970’1 yillarda endustriyel Gretim yapan orta
ve biiytik 6lgekli isletmeler ortaya ¢cikmistir (Yilmaz, 2014; Sanayi ve Teknoloji Bakanhgi,
2021). Mobilya girisimlerinin %99,9’u KOBI isletmelerinden olusur. Son yillarda kiigiik
isletmeler yaninda orta ve biiyiik 6l¢cekli igletmelerin sayisinda artis gézlemlenmektedir. Her
gecen giin fabrikasyon tiirli liretim yapan isletmelerin sayisinda artis olmaktadir (Sanayi ve
Teknoloji Bakanligi, 2022).

Mobilya iiretimi i¢in kullanilan ahsap, metal, cam, kumas ve deri gibi bircok malzeme
maliyetlerin en biiyiik kalemlerinden birini olusturmaktadir (Istanbul Sanayi Odas1, 2023).
Sektoriin  tiretim maliyetlerinin  %91’ini hammadde olusturmaktadir. Mobilya sektori
Uretimde bolgesel yogunlasmanin en fazla oldugu sektdrlerden biridir (MUSIAD, 2018).
Tiirkiye’de mobilya sektdrii pazar ve hammaddeye yakim yerlerde yogunlasmaktadir. Istanbul,
Bursa (Inegdl), Ankara, Izmir, Kayseri ve Adana illeri 6n plana ¢ikmaktadir (Yazic1 ve
Karayilmazlar, 2001; Orta Anadolu Kalkinma Ajansi, 2016; Terece, Edirne ve Kariptas,
2020; Cinar, Yildirim ve Karatas, 2021).

Tiurk mobilya sektérii giiglii yonler, zayif yonler, sektérdeki firsatlar ve sektore yonelik
tehditler gibi 4 ana kritere gore degerlendirilmektedir. Bu kriterlere goére, sektériin gicli
yonleri genis i¢ pazari sayesinde talep goren bir sektér olmasi, Asya, Avrupa ve Orta
Dogunun arasinda stratejik bir konum yer aliyor olmasi nedeniyle cografi avantaja sahip
olmasi, nitelikli isglicii, iirlin ¢esitliligi, liretim i¢in gerekli birgok hammaddenin yurtiginden
temin edilebilir olmasi, sektériin zayif yonleri Ar-Ge yatmrimlarinin diisiik seviyede kalmasi,
vergi oranlarinmn yiiksekligi, yiiksek katma degerli triinlerden ¢ok diisiik katma degerli
irlinlerin iretimi, teknolojik altyapinin yetersizligi, kayit disilik, yetersiz pazarlama,
markalasmanin istenilen seviyede olmamasi, enerji maliyetlerinin yliksekligidir. Ayrica,
sektore yonelik firsatlar biyimekte olan ihracat pazarlarina sahip olmasi, i¢ talep artist,
yenilikci Grlinler gelistirilebilmesi ve teknolojiden yararlanilmasi, dijitallesme ile daha genis
miisteri kitlelerine ulasabilme imkani ile yuksek ihracat potansiyeli olurken, sektére yonelik
tehditler ise hammadde fiyatlarindaki istikrarsizlik, hammadde temininde belirsizlikler, ¢ogu
hammaddenin ithal edilmesi nedeniyle artan maliyetler, ylksek enerji, isgiicii ve lojistik
maliyetleri, Ar-Ge ve inovasyonun yeterli diizeyde olmamasi, sektdrde yiiksek rekabet ortami,
dis politika ve giivenlik riskleri olarak karsimiza ¢ikmaktadir (Istanbul Sanayi Odasi, 2023).

Teknolojideki hizli degisim, dijitallesme sonucu bilgiye kolay erisim, kiiresel cevreye
duyarliligm artmasi sonucu tiiketici tercihlerinde dnceligin degismesi, siirdiiriilebilir tiretimin
Oon plana c¢ikmasi gibi birtakim gelismeler mobilya sektoriiniin gelecegi ile ilgili
projeksiyonlarda degisime neden oldugu sdylenebilir.

Bu gelismeler 1s1ginda mobilya sektdriinde klasik mobilya iriinleri yaninda ¢ok
fonksiyonlu ve alandan tasarruf saglayan mobilyalar, akilli mobilyalar, kolayca tasinabilir,
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farkli kombinasyonlarda kullanilabilen modiiler ve hafif mobilyalar, ¢cevreye duyarl, enerji
tasarruflu, yenilenebilir enerji kaynaklariyla calisabilen ¢evre dostu siirdiiriilebilir {iriinlerin
on plana ¢ikmasi beklenmektedir (Siyasal, 2021). Gerek ulusal pazarda gerekse de
uluslararast pazarlarda yer edinmek isteyen isletmelerin Uretimini yeni trende gore
sekillendirmeleri kaginilmazdir.

Bu calismanin amaci, ticaret sonrasi verilerle rekabet giiciiniin dlglimiinde kullanilan
Agiklanmis Karsilastirmali Ustiinliikler (Revealed Comparative Advantage-RCA) endeksi
kullanilarak 2012-2021 dénemi icin Tiirkiye’nin mobilya sektorundeki rekabet glctni dinya
mobilya ihracatinda s6z sahibi iilkeler ile karsilastrmali bir sekilde analiz etmektir.
Caligmanin 6nceki ¢aligmalardan farki, Tiirkiye’nin mobilya sektOriindeki rekabet glcl analiz
edilirken Tiirkiye’nin de dahil oldugu kiiresel dlgekte en fazla ihracat payma sahip ilk on
ulkenin mobilya sektoriindeki rekabet gicleri alt sektorler ile karsilastirmali bir sekilde ortaya
konulmustur. Tirkiye ve rakiplerinin mobilya sektorindeki rekabet glici karsilastirmali
olarak ortaya konulurken rekabet giicli seviyesi de ayrintili bir sekilde degerlendirilmistir.

2 Materyal ve Metot
2.1 Materyal

Turkiye mobilya sektériniin rekabet glclinu 2012-2021 donemi igin inceleyip sektoriin
rekabet giiciinii mobilya sektorii ihracatinda 6ne ¢ikan iilkeler ile karsilastirmali bir sekilde
ortaya koyma g¢abasinda olan bu ¢alismada sektore ait ihracat verileri UNCOMTRADE veri
tabanindan Standart Uluslararas1 Ticaret Smiflamasi Rev.3 (Standart International Trade
Classification SITC Rev.3) temelinde dort haneli smiflandirma sistemi kullanilarak
derlenmistir.

Mobilya sektori SITC Rev.3’¢c gore 821. ve 872.4. bolimlerinde smiflandirilmis ve
literatiire uygun bir sekilde 7 alt sektore ayrilarak incelenmistir. Mobilya sektérl alt sektor
gruplar1 sunlardir:

SITC 821.1 Oturmaya mahsus mobilyalar (yatak haline getirilebilen tiirden olsun olmasin),
bunlarin aksam ve pargalari

SITC 821.2 Yatak takimi1 esyasi1 ve benzeri esya

SITC 821.3 Metalden mobilyalar (baska yerde siniflandirilmayan)

SITC 821.5Ahsap mobilyalar (baska yerde siniflandirilmayan)

SITC 821.7 Diger maddelerden mobilyalar (baska yerde siniflandirilmayan)
SITC 821.8 821.3, 821.5 ve 821.7 grubundaki mobilyalarin aksam ve parcalar1

SITC 872.4 Tipta, cerrahide, dis hekimliginde ve veterinerlikte kullanilan mobilyalar,
bunlarin aksam ve pargalari

2.2 Metot

Calismada, Tirkiye’nin mobilya sektdrii ihracatina dayah rekabet giclnin karsilastirmali
bir sekilde belirlenmesi amaciyla Balassa’nin Ag¢iklanmis Karsilagtirmali Ustiinliik (Revealed
Comparative Advantage-RCA) endeksi kullanilmistir.

Balassa tarafindan gelistirilen A¢iklanmuis Karsilastrmali Ustiinliik Endeksi su sekilde
formale edilir:

RCAj = (X / Xi) /(X i / Xyt
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Burada RCAIj i ulkesinin j drlinu/sektori icin agiklanmig karsilagtirmali tstiinliikler
endeksini, Xij i tlkesinin j Urinu/sektord ihracatmi, Xit i lilkesinin toplam ihracatini, Xwj
dinyanin j Grtinu/sektOru ihracatini ve Xwt diinya toplam ihracatini ifade etmektedir.

Buna gore, eger RCA>1 ise sz konusu Ulke o driin ya da sektdrde karsilastirmali
ustiinligiine ya da rekabet avantajina sahiptir; RCA<1 ise Ulke o 0rin ya da sektdrde
karsilastirmali dezavantaja ya da rekabet dezavantajina sahiptir.

S0z konusu endeks katsayilarini daha ayrintili yorumlamak igin sonuglar asagidaki gibi 4
gruba ayrilabilir (Hinloopen & Marrewijk, 2001):

Grup-1 — 0 <RCA < 1 ise karsilastirmali {istiinliik/rekabet glicti yoktur.
Grup-2 — 1 <RCA < 2 ise zayif bir karsilastirmali Gistiinltik/rekabet gtict vardir.
Grup-3 — 2 <RCA < 4 ise orta derecede karsilastirmali tistiinliik/rekabet giicii vardir.
Grup-4 — RCA > 4 ise glcli bir karsilagtirmali tistiinliik/rekabet giicti vardir.

3 Bulgular ve Tartisma

Bu bélimde ilk olarak Tirkiye’nin mobilya sektorinin rekabet glcl mobilya sekt6ri
ihracatinda 6ne ¢ikan iilkeler ile karsilastirmali olarak ortaya konulmus, ardindan rekabet
glictintin derecesi ayrintili analiz edilmistir. Tablo 3’te diinya mobilya sektorii ihracatinda 6ne
cikan iilkeler i¢in hesaplanan RCA endeks degerleri yer almaktadir.

Tablo 3. Diinya mobilya sektdriinde 6ne ¢ikan tlkelerin mobilya sektoriindeki RCA endeks

degerleri
Yillar Turkiye  Almanya Cin ABD Vietnam Cekya italya Polonya  Meksika  Kanada
2012 1.39 1.02 3.10 0.57 3.58 1.87 2.43 541 1.80 0.98
2013 1.57 0.99 2.98 0.57 3.37 2.13 2.45 531 1.93 0.95
2014 1.56 0.95 2.70 0.56 3.30 2.17 2.36 541 2.01 0.91
2015 1.47 0.87 2.56 0.55 3.05 2.13 2.20 4.87 191 1.02
2016 1.45 0.87 2.49 0.55 2.93 2.37 2.15 5.04 1.96 1.12
Ortalama 1.49 0.94 2.77 0.56 3.25 2.13 2.32 521 1.92 1.00
2017 1.45 0.87 2.52 0.53 2.84 242 2.15 5.06 1.94 1.07
2018 1.67 0.88 2.53 0.49 2.83 2.33 2.19 5.03 1.79 1.02
2019 1.79 0.87 2.44 0.45 3.21 2.14 2.06 5.04 1.67 1.00
2020 1.78 0.82 2.38 0.40 3.55 1.95 1.88 4.53 1.49 0.90
2021 1.70 0.84 2.37 0.37 3.51 1.89 2.00 4.57 1.61 0.82
Ortalama 1.68 0.86 2.45 0.45 3.19 2.15 2.05 4.85 1.70 0.96

Tablo 3’ye gore, mobilya sektoriinde ele alinan {iilkeler arasinda Tiirkiye ile birlikte Cin,
Vietnam, Cekya, Italya, Polonya, Meksika’nin rekabet giiciine sahip oldugu gériilmektedir
(RCA>1). Bu iilkeler arasinda Polonya giiclii rekabet iistiinliigii ile 6n plana ¢ikmaktadir
(RCA > 4). Cin, Vietnam ve Cekya talya orta derecede rekabet giiciine sahiptir (2 < RCA <
4). Turkiye ve Meksika zayif derecede rekabet giiciine sahip iilkeler arasinda yer almaktadir
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(1 £ RCA < 2). Mobilya sektoriinde, gelismis lilkeler kategorisinde, Almanya, ABD ve
Kanada’nin rekabet dezavantaji bulunmakta olup diger deyisle rekabet tstiinliigii yoktur (0 <
RCA <1).

Mobilya sektériinde Cekya’nin “orta” diizeyde rekabet giicli olmakla birlikte 2020 ve 2021
yillar1 arasinda rekabet giicliniin “zayif” diizeyde seyrederek gerilemesi dikkat cekicidir.
Kanada mobilya sektoriinde her ne kadar 2015 ile 2019 yillar1 arasinda “zayif” dizeyde
rekabet glictine sahip olsa da 2020 yili sonras1 rekabet giicli dezavantajh iilkeler arasinda yer
almustir.

SITC 821.1 Oturmaya mahsus mobilyalar (yatak haline getirilebilen tiirden olsun olmasin),
bunlarin aksam ve pargalar1 alt sektoriine iligkin hesaplanan RCA endeks degerleri Tablo 4’te
verilmistir.

Tablo 4. SITC 821.1 Oturmaya mahsus mobilyalar (yatak haline getirilebilen tirden olsun
olmasin), bunlarm aksam ve parcalar1 alt sektoriine iliskin RCA endeks degerleri

Yillar Tarkiye  Almanya Cin ABD Vietnam Cekya italya Polonya  Meksika  Kanada
2012 1.19 0.84 2.98 0.67 217 3.20 1.76 7.05 3.51 1.02
2013 1.25 0.80 2.83 0.69 2.00 3.76 1.77 6.66 3.78 0.98
2014 1.20 0.76 2.56 0.70 1.96 3.82 1.70 6.53 3.99 0.91
2015 1.13 0.72 2.38 0.69 1.86 3.69 1.59 6.07 3.78 0.98
2016 1.17 0.69 2.30 0.70 1.82 4.10 1.59 6.13 3.81 1.00
Ortalama 1.19 0.76 2.61 0.69 1.96 3.72 1.68 6.49 3.77 0.98
2017 1.20 0.69 2.36 0.65 1.85 4.29 1.60 6.11 3.70 0.92
2018 1.56 0.71 242 0.60 2.00 4.05 1.62 5.78 3.34 0.90
2019 1.62 0.69 2.39 0.54 2.46 3.67 1.53 5.74 3.06 0.84
2020 1.50 0.61 2.46 0.46 2.92 3.11 1.44 5.13 2.74 0.79
2021 1.46 0.61 2.51 0.41 3.32 2.90 1.65 521 2.80 0.70
Ortalama 1.47 0.66 2.43 0.53 2.51 3.61 1.57 5.60 3.13 0.83

Tablo 4’e gore, SITC 821.1 oturmaya mahsus mobilyalar (yatak haline getirilebilen tirden
olsun olmasin), bunlarin aksam ve pargalarinin tiretildigi alt sektérde Turkiye, Cin, Vietnam,
Cekya, Italya, Polonya ve Meksika rekabet gliciine sahiptir (RCA>1). Rekabet giiciine sahip
ulkeler arasinda Polonya “giigli” (RCA > 4), Cin, Vietnam, Cekya ve Meksika “orta” (2 <
RCA < 4), Turkiye ve ltalya “zayif” (I < RCA < 2) diizeyde rekabet giiciine sahiptir.
Almanya, ABD ve Kanada’nin rekabet giicii bulunmamaktadir (0 < RCA < 1). Ele alinan
ulkeler icerisinde Polonya’nin “gicli” rekabet tistiinliigii ile 6n plana ¢iktig1 goriilmiistiir.

SITC 821.2 Yatak takimi esyas1 ve benzeri esya alt sektoriine iliskin hesaplanan RCA
endeks degerleri Tablo 5°te verilmistir. Tablo 5’e gore, SITC 821.2 yatak takimi esyas1 ve
benzeri egyalarin tretildigi alt sektdrde rekabet giicline sahip olan iilkeler Tiirkiye, Cin,
Vietnam (6zellikle 2015 yili sonrasi) ve Polonya'dir (RCA>1).

Rekabet giiciine sahip iilkeler arasinda Polonya “gii¢lii” (RCA > 4), Cin “orta” (2 < RCA <
4), Tiirkiye ve Vietnam “zayif” (1 < RCA < 2) diizeyde rekabet giiciine sahiptir. Almanya,
ABD, Cekya, Italya, Meksika (2021 yili hari¢) ve Kanada’nin ise bu alt sektdrde rekabet
dezavantaji bulunmaktadir (0 < RCA < 1) Bu alt sektoriinde, Cin 2012-2014 yillar1 arasinda
“gliclii” rekabet giicline sahipken 2014 yil1 sonras1 rekabet giicliniin “orta” diizeye geriledigi
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gorilmiistiir. Tiirkiye’nin “zayif” diizeydeki rekabet giiciiniin 2020 yilinda “orta” diizeye
yiikseldigi tespit edilmisse de, 2021 yilinda ise “zayif” diizeye geriye gdzlemlenmistir.

Tablo 5. SITC 821.2 Yatak takimi esyasi ve benzeri esya alt sektoriine iliskin RCA endeks
degerleri

Yillar  Turkiye Almanya Cin ABD  Vietnam Cekya Italya Polonya Meksika Kanada

2012 0.90 0.52 4.59 0.30 1.08 0.38 0.83 6.37 0.94 0.20
2013 111 0.52 4.36 0.30 0.95 0.42 0.84 6.50 0.82 0.19
2014 1.10 0.49 4.04 0.29 0.95 0.41 0.80 6.59 0.79 0.16
2015 1.05 0.43 3.72 0.31 0.83 0.42 0.71 5.98 0.74 0.18
2016 1.07 0.40 3.84 0.30 1.05 0.46 0.66 5.60 0.74 0.20
Ortalama 1.05 0.47 411 0.30 0.97 0.42 0.77 6.21 0.81 0.19
2017 1.23 0.42 3.92 0.31 1.20 0.49 0.65 5.35 0.65 0.20
2018 1.32 0.43 3.93 0.30 1.07 0.45 0.66 5.32 0.63 0.17
2019 1.58 0.43 3.68 0.26 1.96 0.43 0.61 4.96 0.63 0.17
2020 211 0.44 3.18 0.27 1.93 0.47 0.68 4.39 0.57 0.18
2021 1.90 0.44 3.07 0.27 1.13 0.50 0.61 4.56 1.00 0.24
Ortalama 1.63 0.43 3.55 0.28 1.46 0.47 0.64 4.92 0.70 0.19

SITC 821.3 Metalden mobilyalar (baska yerde smiflandirilmayan) alt sektoriine iliskin
hesaplanan RCA endeks degerleri Tablo 6’da verilmistir. Tablo 6’ya gore, SITC 821.3
metalden mobilyalar (baska yerde smniflandirilmayan) alt sektdriinde tiim dénem boyunca
Tilrkiye (2012 yili harig), Cin, Cekya, Italya, Polonya ve Kanada rekabet giiciine sahipken
(RCA>1), ABD ve Meksika’nin rekabet giicli bulunmamaktadir (0 < RCA < 1). Rekabet giicii
bulunan iilkelerden Cin “orta” (2 < RCA < 4), Tiirkiye, Cekya, italya, Polonya ve Kanada
“zay1f” (1 <RCA < 2) diizeyde rekabet giiciine sahiptir.

Tablo 6. 821.3 Metalden mobilyalar (baska yerde siniflandirilmayan) alt sektoriine iliskin

RCA endeks degerleri
Yillar  Turkiye Almanya Cin ABD  Vietnam Cekya italya Polonya Meksika Kanada
2012 0.94 1.16 4.16 0.77 0.74 1.35 157 1.14 0.80 141
2013 1.34 1.19 4.07 0.74 0.81 1.40 1.61 1.25 0.70 1.31
2014 1.39 1.21 3.50 0.77 0.94 1.48 1.69 1.29 0.70 1.36
2015 1.37 1.07 3.25 0.70 0.99 1.25 1.68 1.22 0.59 1.58
2016 1.41 1.12 3.19 0.67 0.98 1.39 1.64 1.37 0.65 1.87
Ortalama 1.29 1.15 3.63 0.73 0.89 1.38 1.64 1.25 0.69 1.50
2017 1.45 1.14 3.29 0.64 0.91 1.30 1.65 1.42 0.61 1.79
2018 1.58 1.11 3.40 0.62 1.05 1.29 1.62 1.61 0.59 1.60
2019 1.51 1.03 3.30 0.54 1.46 1.24 1.47 1.68 0.58 1.99
2020 1.47 0.91 3.26 0.44 2.05 1.80 1.22 1.52 0.48 1.61
2021 1.53 0.97 3.12 0.39 2.14 1.60 1.31 1.56 0.56 1.37
Ortalama 151 1.03 3.27 0.52 1.52 145 145 1.56 0.56 1.67
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S6z konusu alt sektorde Vietnam’in rekabet glctindeki yikselmeye karsin Almanya’nin
rekabet giiciindeki diislis goze carpmaktadir. 2012-2017 doneminde rekabet glicine sahip
olmayan Vietnam 2019 sonrasi orta diizeyde rekabet giiciine ulasmistir. 2012-2019
doneminde zayif diizeyde rekabet giiciine sahip olan Almanya’nin 2019 yil1 sonrasi rekabet
gucund tamamen kaybederek rekabet dezavantajina sahip oldugu gézlemlenmistir.

Tablo 7°de SITC 821.5 Ahsap mobilyalar (baska yerde smiflandirilmayan) alt sektoriine
iliskin hesaplanan RCA endeks degerleri verilmistir. Tablo 7’ye gore, SITC 821.5 ahsap
mobilyalar (baska yerde siniflandirilmayan) alt sektoriinde Tiirkiye, Almanya, Cin, Vietnam,
Italya ve Polonya ele alman dénem boyunca rekabet giicii bulunan iilkelerdir (RCA>1). Bu
iilkeler arasinda Polonya ve Vietnam “gii¢lii” (RCA > 4), Tiirkiye ve Italya “orta” (2 < RCA <
4), Almanya ve Kanada “zayif” (1 < RCA < 2) diizeyde rekabet giiciine sahiptir. S6z konusu
sektorde Polonya ve Vietnam guclu rekabet gucu ile dikkat cekmektedir. ABD, Cekya (2021
yilt hari¢) ve Meksika’nin rekabet giicii bulunmamaktadir (0 <RCA <1).

2012-2018 doneminde Cin’in “orta” dilizeyde olan rekabet giiciiniin 2019 yili sonrasi
“zay1f” diizeye geriledigi gozlemlenmistir. Ahsap mobilyalar alt sektoriinde Kanada’nimn, 2021
yilinda rekabet avantaji bulunmamakla birlikte, incelenen donemin tiimii dikkate alindiginda
rekabet giiciiniin “zay1f” diizeyde oldugunu sdylemek miimkiindiir.

Diger alt sektorlerden farkli olarak Tiirkiye’nin ahsap mobilya alt sektoriinde rekabet gl
seviyesinin daha yiiksek olmasima etki eden faktorler arasinda TUrkiye’nin ahsap esash levha
sektoriinde diinya ve Avrupa’da iist siralarda yer almasi sayilabilir. Ornegin, Tiirkiye ahsap
esaslt levha sektoriinde diinyanin 5. ve Avrupa’nin ise 2. en bulylk Ureticisidir. Ayrica
Tirkiye, MDF/HDF levha iiretiminde Avrupa’da 1. diinyada 2., yonga levha Uretiminde
Avrupa’da 3. ve diinyada 5., laminat parke liretiminde ise Avrupa’da 2. diinyada 3. sirada yer
almaktadir (istek ve ark., 2017).

Tablo 7. SITC 821.5 Ahsap mobilyalar (baska yerde siniflandirilmayan) alt sektoriine iliskin

RCA endeks degerleri
Yillar  Turkiye Almanya Cin ABD  Vietnam Cekya italya Polonya Meksika Kanada
2012 2.23 1.29 2.44 0.33 7.88 0.65 3.22 5.26 0.35 0.97
2013 2.53 1.24 2.33 0.32 7.52 0.67 3.29 5.36 0.43 0.99
2014 2.52 1.16 2.31 0.29 7.07 0.68 3.09 5.37 0.34 0.94
2015 2.34 1.09 2.28 0.28 6.31 0.70 2.81 451 0.35 111
2016 211 111 2.28 0.25 5.84 0.80 2.66 491 0.37 1.25
Ortalama 2.35 1.18 2.33 0.29 6.92 0.70 3.02 5.08 0.37 1.05
2017 2.06 111 2.24 0.25 5.65 0.83 2.62 5.02 0.50 1.23
2018 2.25 1.14 2.08 0.25 5.57 0.77 2.76 5.40 0.53 1.19
2019 2.58 1.17 1.79 0.24 5.93 0.77 2.67 5.82 0.58 1.17
2020 2.45 1.15 1.60 0.23 5.98 0.81 2.54 5.58 0.61 1.03
2021 2.31 1.19 1.62 0.22 5.43 1.00 2.60 5.56 0.78 0.96
Ortalama 2.33 1.15 1.87 0.24 5.71 0.84 2.64 5.48 0.60 111

Tablo 8’de SITC 821.7 Diger maddelerden mobilyalar (bagka yerde siniflandirilmayan) alt
sektoriine iliskin hesaplanan RCA endeks degerleri verilmistir. Tablo 8’e gore, 2012-2021
donemi boyunca SITC 821.7 diger maddelerden mobilyalar (baska yerde siniflandirilmayan)
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alt sektoriinde rekabet giiciine sahip olan iilkeler arasinda Tiirkiye, Cin, Vietnam, Italya ve
Polonya yer alirken (RCA>1); Almanya, ABD ve Meksika’nin rekabet giicii
bulunmamaktadir (0 < RCA < 1). Rekabet giiciine sahip iilkeler arasinda Cin, Vietnam,
Polonya ve Italya “orta” (2 < RCA < 4), Tiirkiye “zayif” (1 < RCA < 2) diizeyde rekabet
glictine sahiptir.

Tablo 8. SITC 821.7 Diger maddelerden mobilyalar (baska yerde smiflandirilmayan) alt
sektoriine iliskin RCA endeks degerleri

Yillar  Turkiye Almanya Cin ABD  Vietnam Cekya Italya Polonya Meksika Kanada

2012 1.10 0.41 4.79 0.53 1.47 0.18 3.50 2.72 0.20 0.51
2013 1.23 0.44 4.48 0.63 1.42 0.25 3.67 2.96 0.10 0.56
2014 111 0.38 4.43 0.56 1.18 0.21 3.18 3.58 0.09 0.54
2015 1.20 0.30 4.15 0.54 1.60 0.27 3.16 2.99 0.12 0.56
2016 1.50 0.40 3.37 0.73 2.04 1.34 3.88 3.70 0.14 0.84
Ortalama 1.23 0.38 4.24 0.60 1.54 0.45 3.48 3.19 0.13 0.60
2017 1.52 0.40 3.26 0.71 2.59 0.36 411 4.36 0.12 0.94
2018 1.53 0.35 3.25 0.62 2.03 1.59 4.15 4.44 0.16 1.25
2019 151 0.35 3.40 0.57 1.98 1.77 3.59 3.91 0.19 1.14
2020 1.35 0.32 3.45 0.50 2.88 1.40 3.13 2.33 0.16 0.90
2021 1.46 0.31 3.36 0.51 2.65 1.13 3.45 2.13 0.14 0.85
Ortalama 1.48 0.34 3.34 0.58 2.43 1.25 3.69 3.43 0.15 1.02

S0z konusu alt sektérde 2012-2015 doneminde “gliglii” diizeyde rekabet giiciine sahip
Cin’in 2015 yili sonrasi rekabet giiciinin “orta” diizeye diistiigii, buna karsin 2015 yili
sonrasida (2019 yil1 harig) “zayif” diizeyde olan Vietnam’in rekabet giiciiniin “orta” diizeye
yiikseldigi gozlemlenmistir.

Ele alinan donem basinda rekabet dezavantajina sahip Cekya’nin rekabet giict 6zellikle
2018 y1l1 sonras1 dikkate alindiginda “zay1f” diizeyde seyretmistir.

“Orta” diizeyde rekabet giiciine sahip Italya ve Polonya, rekabet giiclerini artirarak 2017-
2018 yillar1 arasinda giiclii rekabet giiciine sahip olmus, ancak 2019 yili sonras1 bu Ulkelerin
rekabet gicleri “orta” diizeye diismiistiir.

Rekabet giicii 2018 ve 2019 yillarinda “zayif” bir goriiniim sergilemis olsa da, incelenen
donem bir biitiin olarak degerlendirildiginde Kanada rekabet dezavantajma sahip iilkeler
arasinda yer almistur.

SITC 821.8 821.3, 821.5 ve 821.7 grubundaki mobilyalarin aksam ve parcalar1 alt
sektoriine iligkin hesaplanan RCA endeks degerleri Tablo 9°da gdsterilmistir. Tablo 9’a gore,
2012-2021 donemi boyunca SITC 821.8 821.3, 821.5 ve 821.7 grubu mobilyalarm aksam ve
pargalar1 alt sektdriinde Tiirkiye, Almanya, Cin, Vietnam, Cekya, Italya ve Polonya rekabet
glctine sahipken (RCA>1), ABD’nin rekabet giicii bulunmamaktadir (0 < RCA < 1).

Vietnam (RCA ortalama (2012-2021) = 4,10) “giiclii”” rekabet giiciine sahiptir (RCA > 4). “Giiglii”
(RCA ortalama (2012-2021) = 4,09) diizeyde rekabet giicii bulunan Polonya’nin rekabet giicii
dizeyinin 2020-2021 yillar1 arasinda diisiis egilimi gostererek “orta” (2 < RCA < 4) diizeye
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gerilemesi, 2018 yili sonrasi Kanada’nin (RCA ortalama (2012-2021) = 1,20) rekabet guciinun ise
“dezavantajli” (0 <RCA < 1) diizeyde olmasi dikkat ¢ekicidir.

Tablo 9. SITC 821.8 821.3, 821.5 ve 821.7 grubundaki mobilyalarin aksam ve pargalari alt
sektoriine iliskin RCA endeks degerleri

Yillar  Turkiye Almanya Cin ABD  Vietnam Cekya Italya Polonya Meksika Kanada
2012 1.00 1.38 2.59 0.46 4.34 1.74 5.71 4.14 0.95 1.14
2013 1.01 1.26 2.81 0.44 3.95 1.85 5.43 3.92 1.00 1.05
2014 1.12 141 1.86 0.45 4.45 1.92 5.83 4.63 1.05 1.23
2015 1.05 1.22 1.85 0.42 4.58 2.08 5.61 4.24 1.01 1.39
2016 1.20 1.20 181 0.44 431 1.77 5.32 4.29 0.97 1.61
Ortalama 1.08 1.30 2.19 0.44 4.33 1.87 5.58 4.24 1.00 1.29
2017 1.08 1.17 1.84 0.48 3.67 1.63 5.36 4.02 0.94 1.52
2018 1.06 1.19 1.80 0.44 3.48 1.57 5.48 4.17 0.98 1.36
2019 1.03 1.21 1.98 0.40 3.72 1.37 5.00 4.09 1.01 0.92
2020 1.03 1.13 2.01 0.34 4.24 1.32 4.06 3.74 1.02 0.84
2021 1.07 1.15 1.99 0.34 4.30 1.48 4.06 3.63 1.09 0.89
Ortalama 1.05 1.17 1.92 0.40 3.88 1.47 4.79 3.93 1.01 1.10

Rekabet giicti bulunan ulkeler arasinda Italya “giiclii” (RCA > 4), Tiirkiye, Almanya, Cin,
Cekya ve Meksika ise “zayif” (1 < RCA < 2) diizeyde rekabet guciine sahiptir.

Tablo 10°da SITC 872.4 Tipta, cerrahide, dis hekimliginde ve veterinerlikte kullanilan
mobilyalar, bunlarin aksam ve parcalar1 alt sektoriine iliskin hesaplanan RCA endeks

degerlerine yer verilmistir.

Tablo 10. SITC 872.4 Tipta, cerrahide, dis hekimliginde ve veterinerlikte kullanilan
mobilyalar, bunlarin aksam ve parcalar1 alt sektoriine iliskin RCA endeks degerleri

Yillar Turkiye  Almanya Cin ABD  Vietnam Cekya ftalya  Polonya Meksika Kanada
2012 1.07 2.03 1.32 2.06 1.16 3.86 1.41 3.39 2.14 1.62
2013 1.69 2.09 1.36 1.94 1.08 4.09 1.54 3.54 2.80 1.35
2014 1.30 191 1.39 191 1.13 3.77 141 3.95 2.48 1.13
2015 1.02 1.74 1.47 1.89 0.55 4.17 1.31 3.53 2.49 1.01
2016 1.10 1.80 131 1.95 0.89 3.67 1.41 3.40 2.49 1.07
Ortalama  1.24 1.91 1.37 1.95 0.96 3.91 1.42 3.56 2.48 1.24
2017 141 1.77 1.35 191 1.09 3.66 1.33 4.14 221 1.25
2018 1.50 1.87 1.43 1.76 1.00 4.12 1.32 4.40 2.02 1.22
2019 1.56 1.85 1.53 1.66 0.94 3.79 1.34 4.17 1.63 1.18
2020 2.49 1.58 1.45 1.83 0.84 4.29 1.24 3.88 1.48 1.14
2021 1.81 1.69 151 1.56 1.03 3.92 1.29 4.01 1.29 1.13
Ortalama 1.75 1.75 1.45 1.75 0.98 3.96 1.30 4.12 1.73 1.18
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Tablo 10’a gore, SITC 872.4 tipta, cerrahide, dis hekimliginde ve veterinerlikte kullanilan
mobilyalar, bunlarin aksam ve pargalari alt sektoriinde Vietnam (RCA ortalama (2012-2021) = 0,97 -
0 < RCA < 1) disindaki ele alman iilkelerin hepsinin rekabet giicii bulunmaktadir. Bu iilkeler
arasmnda Polonya “gii¢lii” (RCA > 4), Tiirkiye, Almanya, Cin, ABD, Italya ve Kanada “zayif”
(1 <RCA <2) diizeyde rekabet giiciine sahiptir. “Orta” (2 < RCA < 4) seviyede rekabet giicii
bulunan Meksika’nin bu rekabet giiciiniin 2019 yilindan itibaren “zayif” diizeye gerilemesi
dikkat ¢cekmektedir. Inisli ¢ikish bir seyir izleyen Cekya’nin rekabet giiciiniin (RCA ortalama
(2012-2021) = 3,93) “orta” (2 < RCA < 4) diizeyde oldugunu sdylemek miimkiindiir.

4 Sonuglar ve Oneriler

Tirkiye’nin mobilya sektoriindeki rekabet giicli seviyesinin karsilastirmali
olarak analiz edildigi bu g¢alismada elde edilen bulgulara gore; 2012-2021
doneminde Turk mobilya sektorl icin hesaplanan RCA endeks degerleri 1°den
blyuktir. Elde edilen endeks sonuglari, Tiirkiye’nin mobilya sektoriiniin rekabet
gucune sahip olmakla birlikte rekabet giiciiniin zayif oldugunu ortaya
koymaktadir (1 < RCA < 2). Ele alinan dénemde Tirk mobilya sektériinin RCA
endeks degerleri 1’den biiyiik olmakla birlikte endeks degerlerinin yatay bir
seyir izledigi s6ylenebilir.

Incelenen dénemde, Tiirkiye’nin mobilya sektdriine ait toplam 7 alt sektdrden
6’sinda (SITC 821.1 Oturmaya mahsus mobilyalar (yatak haline getirilebilen
tirden olsun olmasin), bunlarin aksam ve pargalari, SITC 821.2 Yatak takimi
esyast ve benzeri esya, SITC 821.3 Metalden mobilyalar (baska yerde
smiflandirilmayan), SITC 821.7 Diger maddelerden mobilyalar (baska yerde
smiflandirilmayan), SITC 821.8, 821.3, 821.5 ve 821.7 grubundaki mobilyalarin
aksam ve parcalari, SITC 872.4 Tipta, cerrahide, dis hekimliginde ve
veterinerlikte kullanilan mobilyalar, bunlarin aksam ve parcalar1) zayif derecede
rekabet giiciine sahip oldugu (1 < RCA < 2), sadece 1 alt sektorde ise (SITC
821.5 Ahsap mobilyalar (baska yerde siniflandirilmayan)) orta derecede rekabet
giiciiniin bulundugu tespit edilmistir (2 < RCA <4).

Diinya mobilya sektorii ihracatinda one c¢ikan iilkeler arasinda Tirkiye ile
birlikte Cin, Vietnam, Cekya, italya, Polonya ve Meksika’nin rekabet giiciine
sahip oldugu tespit edilmistir. Bu {ilkeler arasinda Polonya giiglii rekabet
{istiinliigii ile on plana ¢ikmaktadir (RCA > 4). Cin, Vietnam, Italya ve Cekya
(2020 ve 2021 yili hari¢) orta derecede rekabet giicline sahiptir (2 < RCA < 4).
Tiirkiye ve Meksika zayif derecede rekabet giiciine sahip {iilkeler arasinda yer
almaktadir (1 < RCA < 2). Gelismis tilkeler kategorisinde yer alan Almanya,
ABD ve Kanada’nin mobilya sektdriinde rekabet tistiinliigii bulunmamaktadir (0
<RCA<1).

Turk mobilya sektorinin ihracat potansiyeli yiksektir. Sektoriin yiuksek olan
ihracat potansiyelini kullanabilmesi ve uluslararasi piyasalarda rakip iilkeler
karsisinda rekabet giicii seviyesini artirabilmesi i¢in sektdre 6zgil sorunlarin
cozllmesi gerekmektedir.

Sektdrin sorunlart arasinda enerji maliyetlerinin yiiksekligi, pazarlama
faaliyetlerinin ve sermayenin yetersizligi, finansman maliyetlerinin yiiksekligi,
kayit disilik yer almaktadir. TUrk mobilya sektoriiniin KOBI olarak tanimlanan
kiiciik ve orta Olcekli isletmelerden olusan bir yapiya sahip oldugu dikkate
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alindiginda sektoriin liretim maliyetlerinin diisiiriilmesini saglayacak adimlarin
atilmasi ihracatin ve rekabet giiciiniin artirilmasi i¢in gereklidir.

e Rekabet seviyesinin (st seviyelere c¢ikarilabilmesi i¢in markalasma, Ar-Ge
faaliyetleri ve tasarim hayati 6neme sahiptir.

e Mobilya sektoriinde pazarlamanin etkin bir sekilde kullanimma destek
olabilecek dijital doniisiim gergeklestirilmelidir.

e Tirk mobilya sektorii Gretim girdilerinde ithalata bagimli bir sektordiir. Bu
durum tretim maliyetlerini artirdigindan sektoriin rekabet guclnid olumsuz
yonde etkileyebilmektedir. Bu nedenle hammadde kullaniminda disa bagimliligi
azaltacak projeksiyonlar gelistirilmelidir. Bunun igin yurtigcinden hammadde
temininde endiistriyel ormancilik ile ilgili atilacak adimlar 6nemli bir girigim
olabilir.

e Mobilya sektdri degisime acik bir yapiya sahip oldugundan, ihracat¢i firmalarin
tiketici tercihlerinde 6n plana ¢ikan ¢evreci/siirdiiriilebilirlik 6zelligi tasiyan,
fonksiyonel Urunlerin {iretimine agirhk vermeleri pazar paymi arttirmalari
acisindan faydali olabilecektir.

e Ozgln, Kaliteli, siirdiiriilebilir katma degerli iiriinlerin iiretimi i¢in kalifiye
personelin yetistirilmesi gerekmektedir.

e Mobilya iireticilerinin bir arada yer aldig1 kiimelenmeler, ihtisaslagsmis Organize
Sanayi Bdlgeleri (OSB) kurulmali ve yaygmlastirilmalidir. Bu girisim KOBI
Olgegindeki firmalarin agirhikli olarak yer aldigi bu sektdrde iiretim 6lgeginin
blylimesine katki saglayabilecektir.
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Human-centered approach for furniture design studio course in interior
design education: A case study
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ABSTRACT: This study at Antalya Bilim University's Interior Architecture and
Environmental Design Department explores an innovative educational model that combines
the "Human Factors in Interior Space™ and "Furniture Design" courses. This approach aimed
to construct a bridge theoretical understanding with practical application for third-year
students focusing on ergonomic design principles to create functional and human-centered
furniture. The study employs a two-phased methodology. In the first phase, students engage
with traditional anthropometric methods to construct a standard-sized seating element. In the
second phase, they advance to digital techniques including photogrammetry to design a
custom cardboard seating element tailored to individual needs. The incorporation of digital
tools such as Agisoft and Autodesk ReCap alongside traditional plaster molding facilitates a
comprehensive understanding of ergonomic design. This educational model highlights the
importance of integrating manual and digital methodologies in interior design education
enhancing students' ability to innovate and adapt to modern design challenges. It aims to
prepare students with the skills and knowledge necessary for creating ergonomic and user-
centered designs ensuring that they can meet the demands of contemporary interior design.

Keywords: Furniture design, human-centered design, interior design education

I¢ mimarhk egitiminde mobilya tasarim stiidyo dersi icin insan merkezli
yaklasim: Bir vaka calismasi

OZ: Antalya Bilim Universitesi I¢ Mimarlik ve Cevre Tasarimi Béliimii'nde yapilan bu
calisma, "I¢c Mekanda Insan Faktorleri" ve "Mobilya Tasarimi" derslerini birlestiren yenilik¢i
bir egitim modelini aragtirmaktadir. Ugiincii sinif 6grencilerini hedefleyen bu yaklasim, teorik
anlayis1 pratik uygulamayla birlestirerek, ergonomik tasarim prensiplerine odaklanarak
islevsel, insan odakli mobilyalar yaratmayr amaclamaktadir. Boylece Ogrencilerin
antropometri ve ergonomi kavramlarini birlestirmesine olanak saglar. Calisma, iki asamal1 bir
metodoloji kullanmaktadir. Ilk asamada, dgrenciler geleneksel antropometrik ydntemlerle
standart boyutlu bir oturma elemani olustururlar. Ikinci asamada ise, fotogrametri gibi dijital
tekniklere gecerek bireysel ihtiyaglara uygun 6zel bir karton oturma eleman:i tasarlarlar.
Agisoft ve Autodesk ReCap gibi dijital araglarin yani sira geleneksel al¢1 kalip yapiminin
kullanilmasi, ergonomik tasarimin kapsamli bir sekilde anlasilmasini saglar. Bu egitim
modeli, i¢ mimarlik egitiminde manuel ve dijital metodolojilerin entegrasyonunun 6nemini
vurgulamakta, Ogrencilerin modern tasarim zorluklarina yenilikgi ve adapte olabilme
yeteneklerini gelistirmektedir. Amaci, 68rencilerin ergonomik ve kullanici odakli tasarimlar
yaratmak icin gerekli beceri ve bilgileri kazanmalarini saglamak, bdylece ¢agdas i¢ mimarlik
taleplerini karsilayabilmelerini giivence altina almaktir.
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1 Introduction

The Gestalt principle "The whole is greater than the sum of its parts” resonates strongly in
the fields of design and education demonstrating the crucial interconnectivity of various
pieces within a system. This approach is particularly relevant in the context of curriculum
development for interior design education where the integration of related courses can
considerably increase the learning experience and outcomes for students (Ozmehmet &
Alakavuk, 2016; Kaup et al., 2013; Afacan, 2013; Guerin & Thompson, 2004; Smith et al.,
2009; Liu et al., 2005; Basa, 2010; Caldwell, 1992; Clemons, 2002; Besgen et al., 2011;
Schwarz, 1997; Halstead-Nussloch & Carpenter, 2004). The courses "Human Factors in
Interior Design” and "Furniture Design™ are crucial to this integration within a junior class of
an interior design department. They serve as exceptional representations of how integrated
learning may create a more thorough understanding of design ideas and methods.

"Human Factors in Interior Design™ is a basic course that aims to give students a thorough
understanding of anthropometric data and ergonomics. This understanding is critical for
interior designers because it affects how spaces and furnishings are built to fit human
requirements and limits. The course emphasizes the necessity of taking into account
numerous human measures and ergonomic principles when creating living and working
settings ensuring that designs are not only visually appealing but also useful and comfortable
for all users.

In contrast, the "Furniture Design™ course requires students to use their theoretical
knowledge in a practical setting with the expectation that they make 1:1 scale furniture
models or even full-size productions on an annual basis. Students are encouraged to take
physical measurements (with equipment like tape measures) to collect anthropometric data
important to seating designs using the anthropometric and ergonomic ideas taught in the
"Human Factors in Interior Design" course. This hands-on experience is supplemented with
exercises that compare their measurements to standard dimensions reinforcing the practical
application of theoretical information.

Building on these manual procedures, the next step introduces students to digital
methodologies for collecting anthropometric data and building 3D models of persons.
Students work in pairs to create a chair that meets their partner's precise anthropometric
criteria putting their knowledge of the human-centered design method into practice. This dual
method, which combines theoretical teachings with practical, hands-on and digital techniques,
aims to improve students' grasp of anthropometric data and its application in design while also
raising awareness of how academic information may be applied in a variety of ways.
Furthermore, it encourages students to stay up to date on technology breakthroughs and get
familiar with the digital tools that are becoming increasingly important in the design process.

The interior design program's integrated educational approach seeks to build a holistic
understanding of design that is responsive to human needs, varied in knowledge application,
and forward-thinking in its use of technology (Watson et al., 2003; Guerin & Thompson,
2004; Case & Matthews, 1999; Kucko et al., 2005). This methodology not only trains students
to handle the demands of today's design world but also instills in them a greater awareness of
the interconnection of human aspects and design emulating the Gestalt principle in a modern
educational context.

Under these conditions, this paper suggests an educational paradigm that connects the
“Human Factors in Interior Design” and “Furniture Design” courses. The “Human Factors in
Interior Design” course begins with a theoretical explanation of anthropometry and
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ergonomics followed by manual anthropometric measurements. Then, these anthropometric
measurements are acquired using digital and other means for a chair design assignment in the
“Furniture Design” course. The outcome includes reviewing the chair products and debating
the methodologies taught in this course model is intended to improve the understanding and
application of these integrated disciplines.

1.1 Anthropometry & Ergonomics

The technical design process is fundamental to the ergonomic design. It prioritizes the
needs and features of humans in shaping structures. Furniture especially seating and resting
pieces forms part of an anthropotechnic system comprising the human body and the furniture.
Therefore, the design process must ensure the product functions well by considering all
interactions between the user and object including visual, auditory, and tactile stimuli. When
designing new furniture, it is essential to critically assess its form, construction, technology,
functionality, and ergonomics focusing on the human-technical relationship (Smardzewski,
2015).

Under these circumstances, it is understood that anthropometry and ergonomics are two
closely related sciences that play an important role in designing products and surroundings
that are appropriate for the human body. Anthropometry is the measuring and analysis of
human body dimensions, proportions, and physical abilities (Karwowski, 2005). This data is
used to create standards and recommendations for designing everything from furniture and
apparel to cars and work environments. On the other hand, Ergonomics is concerned with
producing goods and systems that are designed for human usage taking into account elements
such as posture, movement, and comfort (Haubner & Haubner, 2015). Ergonomics by
incorporating anthropometric data into the design process guarantees that products and
settings are custom made to a wide range of users, reducing the risk of discomfort, injury, and
inefficiency. The use of anthropometry and ergonomics in the design process is critical for
optimizing product functionality and cost ratio (Chen, 2011; Incorporating Anthropometry
into Product Design, n.d.; Dianat et al., 2018). Ergonomics, which incorporates
anthropometric data into the design process, ensures that products and settings are adapted to
a wide range of consumers. This technique increases user pleasure, improves user
performance, and reduces physical strain. Furthermore, anthropometry and ergonomics
contribute to persons' overall safety and well-being by lowering the risk of musculoskeletal
illnesses and other work-related ailments (Dianat et al., 2018).

There is a misconception that is stated as “designs are satisfactory for average people thus
be satisfactory for everybody else”. Human-centered design is an essential aspect of
ergonomics contrary to this misconception and it mainly focuses on experimentation and user
participation. Therefore, anthropometric dimensions and physical characteristics of users that
are revealed by measurements provide essential data for “tailored designs” (Pheasant, 1996).

1.2 Anthropometric measurement techniques

Individual anthropometric measures can be taken in a variety of ways. In traditional
methods, designers prefer easily shapeable materials such as sand or foam to take an exact
mold of the body to create custom and ergonomic seating units like chairs. For example,
Turkish sculptor and designer Sadi Ozis, who designed the 'Flying Rumi' chair in 1964 (URL
1), used sand in his workshop to find the most accurate measurements needed for chair
design. He sat on the sand and conducted trials to find the most comfortable measurements.
Once the ideal measurements were found, he took a plaster mold. He created plaster casts
from this mold and tested the accuracy of the forms by having everyone sit on them. Then, he
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arranged iron rods on these molds to explore the inclinations of the chairs and armchairs
(Ozkaraman Sen, 2015).

Similarly, Danish designer Hans Wegner found himself at the beach using a shovel to
carve out the sand and find the perfect reclining position in 1949. Upon discovering the ideal
lean-back angle for relaxation by the seaside, he decided to translate this comfort into a more
durable form. This led to the creation of the Flag Halyard chair which featured a steel frame
wrapped in rope typically used for flagpoles. The ergonomic, spaceship-like design, later
enhanced with a sheepskin cover offered a versatile and comfortable lounge chair. This design
allowed users to sit in various positions with Wegner himself adding two side pillows and a
signature neck rest for added comfort (URL 2).

Moving into more recent times, Italian designer Fabio Novembre created the 'Him & Her'
chairs in 2008 which are molded in the form of the human body. These chairs inspired by
classic Eames chairs emphasize the contours of the human figure creating a striking and
intimate design. Novembre’s work showcases the ongoing evolution of ergonomic and
human-centered design highlighting how contemporary designers continue to innovate by
using the human form as a central element in their creations (URL 3).

Following this trend, American designer Kelly Wearstler introduced the 'Butt Stool' as part
of her 2021 holiday collection. This playful yet sophisticated design takes inspiration from the
human body specifically the lower torso and transforms it into a functional piece of art. The
stool available in various colors emphasizes the aesthetic appeal of the human form while
providing a unique seating solution (URL 4).

As can be understood from these examples, designers have been striving to perfect the art
of ergonomic seating by carefully capturing body measurements and molds for nearly a
century. The success of those, who have mastered this approach, is evident in the timeless
appeal and enduring functionality of their furniture which continues to grace our living spaces
today. Therefore, it is crucial to instill human-centered and ergonomic approaches in furniture
design courses for students ensuring that they carry forward these essential principles in their
future designs.

As technology advances, more precise and efficient measurements are now possible using
digital anthropometry instruments and software. These technologies can provide extensive
information about body dimensions and proportions enabling even more custom made and
optimized designs. Furthermore, photogrammetry and photo-to-3D technology are being used
to gather precise body measurements resulting in a thorough grasp of human body shapes and
sizes for design reasons. For example, Park et al. (2001) showed that a critical assessment of a
comfortable mattress should include evaluating the shape of the spine line, the size, and the
distribution of pressures on the human body, and the quality of the mattress. Deformations of
the spine line were studied by comparing the spatial (3D) image of the shape of the spine of
the user during sleep with the 3D shape of the spine of a standing person using the Root Mean
Square (RMS) method. These advancements in assessment techniques enhance our
understanding of ergonomic design and improve our ability to create furniture that supports
the human body more effectively.

Incorporating these advanced anthropometric measurement techniques into the design
process provides a more comprehensive understanding of human variability resulting in
products and surroundings that are better suited to a wide range of users. This can lead to even
greater benefits in user satisfaction, performance, and overall well-being.
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Photogrammetry is based on creating 3D models from photographs. Basically, multiple
photographs of an object from various angles are taken, and these photographs can be
referenced with the help of photogrammetry software. A 3D model of the object can be
created with different levels of details after referencing these photographs. The advantage of
this method is relatively accessible and easy to apply. A camera and photogrammetry
software are enough to create 3D models from photographs. Furthermore, these 3D models
can be imported to another modeling software for further processing such as detailing and
prototyping (Mongeon, 2016).

The resolution and number of photographs, and correct positioning of frames determine the
model quality and its details. In general, the algorithm of photogrammetry software mostly
depends on bringing common parts of the photographs together and sensing dimensions
according to the angles of photographs and positions of the camera. Thus, the object must not
be moved during the photography. If the number of photographs is inadequate to triangulate
surfaces or create other triangles, there will be possible missing parts and details of the 3D
model. Correct lighting of objects is another important factor for retrieving details. Shadows
or poorly lit areas prevent gathering geometrical information of the object and cause
foreground-background distinction problem (Foster & Halbstein, 2014).

2 Method

In this case study, a multi-purpose program has been designed and examined due to the
nature of the concept of interior architecture. One of the courses subject to the study of
Furniture Design course is taught through the concept of "seating element” and is directly
related to anthropometric user measurements and ergonomics. On the other hand, the Human
Factors in Interior Space course deals with standard human measurements, ergonomics and
standardized design approaches in accordance with these dimensions as well as user-specific
measurements required for a personalized design.

These two 15-week courses were taught in the first 8 weeks taking into account the
concept of "average user" and standard human ergonomics and anthropometric measurements.
In this section, it is planned to examine the seating action and the seating element designs that
allow it and to design and produce a solution in accordance with the standards in real
dimensions (1/1 scale) by the students. Thus, it is aimed to reinforce the concept of "universal
standards”. The concept of "custom made" is taught in line with the user's body measurements
and the ergonomic solutions required by these measurements in the following 7-week period.
In this part, it is planned to practically design and produce a personalized real size seating
element designed by students as a result of measurements taken from the user's own body.
This section aims to reinforce the concept of customization.

On the other hand, one of the important skills required by the discipline of interior
architecture is the ability to solve problems. In this context, it is planned to solve two different
seating element problems given to students within the scope of the furniture design course by
blending conventional (manual) and innovative (CAD) methods. In this context, it is aimed to
gain a new perspective for students by introducing some software and applications used in
fields such as surveying and scanning. Then, it is aimed to have a practical experience about
concepts for the students such as creative approaches in producing solutions by combining
these computer skills with manual methods such as mold making. In addition, since all these
productions are planned to be carried out with cardboard material, how the cardboard material
should be used to support human weight was experienced in practice. Here, it is aimed to
reinforce the concept of design in accordance with the nature of the material. Another aim of
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the study is to gain unique experiences that can be obtained in the process from a simple
measurement data to a realized design product prototype.

2.1 Course structure and project phases

The project is divided into two distinct phases aligning with the coursework over a
semester.

2.1.1 Phase 1: Foundation in anthropometry: human factors in interior space course

A wide range of topics at the intersection of humans and design are covered over 15 weeks
in the Human Factors in Interior Space course. The course content and the assignments
conducted within the course are shown in Table 1.

Table 1. Human factors in interior space course’s 15-week course curriculum

Week Chapter Topic Take-home Exercise
1 Introduction to Human Factors N/A
2 Environmental Psychology Theories N/A
3 Place, Sense of Place, Place Identity, and Place Attachment N/A
4 Spatial Behavior: Crowding, Privacy, Personal Space, and | Redesigning the studio environment
Territoriality to create the place attachment and
Behavioral Mapping and Tracking positive emotions.
5 Student Presentation &Critiques Finalizing the design, doing the
research
6 Physical Factors Taking the anthropometric
Detailed review for human dimensions and | dimensions of the pair.
anthropometrics- anthropometric data
7 Detailed review for human dimensions and | N/A
anthropometrics- anthropometric data
8 Midterm Submission N/A
9 Principles of Universal Design N/A
National and International
Universal Standards and Codes
10 Universal Toilet Design Creating a universal public toilet
design
11 Accessibility in Built Environment N/A
12 In class exercise on Accessibility: Experiencing Antalya | Creating a report on the campus's
Bilim University Dosemealti Campus with wheelchair deficient/problematic areas in terms of
accessibility.
13 Presentations Visiting one coffee/restaurant and
*Deciding which student will go to which coffee/restaurant creating a report in terms of
accessibility/universal design
14 Student Presentation &Critiques N/A
Final Final Submission N/A

Initially, the course covers topics related to the mental and psychological aspects of
humans, space, and design falling under the field of environmental psychology. The focus
shifts to the physical relationships concentrating entirely on anthropometry and ergonomics in
weeks 6 and 7. In these course weeks, students focus on understanding and applying standard
anthropometric measurements and traditional methods (Figure 1A) for designing seating
solutions. This phase emphasizes group collaboration to design and construct a 1:1 scale
model of a standard-sized seating element using cardboard (Figure 1B). This hands-on
experience allows students to apply standard ergonomic dimensions learned in the course
ensuring the design's comfort and functionality.
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Fig. 1. Students’ taking the anthropometric dimensions of their friends by manual methods
(A), Students’ 1/1 cardboard standard-sized seating elements’ model examples (B)

2.1.2 Phase 2: custom made cardboard seating element design: furniture design course

The Furniture Design course is separate from the Construction Techniques and Materials
of Furniture course. It is like a regular design studio course with critique-based sessions
conducted by the instructors. The course runs for 3 hours each week. Two main topics
focusing on furniture design are covered over 15 weeks in the Furniture Design course: one
for standard size bench design and the other for custom made seating element design. The

course content and the assignments conducted within the course are shown in Table 2.

Table 2. Furniture Design course’s 15-week course curriculum

Week Chapter Topic Take-home Exercise

1 Introducing the Design Subject Finding design concept, theme
(Groups will build up a standard size bench)

2 Concept presentation of each group and critiques Design proposal and progress

3 Group critiques for concept and cardboard bench Design progress

4 Group critiques to the standard size bench Design progress

5 Group critiques to the standard size cardboard bench Design progress

6 Prejury

7 Group critiques to the standard size cardboard bench Development for Midterm

8 Midterm Jury N/A
(Group submission for the built standard size cardboard bench)

9 Introducing to the second subject of the course and | Finding design concept according to
grouping to pairs the group pair
Designing a custom made seating element design Analyzing the user optimum comfort

dimensions, needs, expectations and
likes etc.

10 Presentation of the concept/ The user needs, expectations | Design studies according to the user
and likes ergonomics

11 Critiques on Design Development Continue with Design Development

12 Critiques on Design Development Continue with Design Development

13 Prejury for the custom made seating element Finalizing Design Development

14 Last critiques Preparation for Final Jury

Final Final Jury N/A

Students investigate the sophisticated realm of digital measurement techniques within the

"Furniture Design" course essential for crafting a "Custom Made Cardboard Seating Element”
in the second half of the semester. A process blending technology and manual methods were
designed for this "custom made cardboard seating element" design study which was carried
out in pairs of students. Apart from the standards, the primary purpose here is to design a
seating element that is suitable for the user's individual anthropometric measurements. The

127



Kahraman et al., Furniture and Wooden Material Research Journal, 7 (1), 121-135

experience of blending traditional and contemporary approaches to find original solutions for
one-of-a-kind issues through the seating element in question serves as the secondary goal.
However, students have been given the task of resolving the requirement by taking into
account the goals of the study to gather personal data such as the user's preferred sitting
height, posture, and sitting trace to figure out the ergonomic design of the seating element.

In this context, two solution methods of plaster molding and photogrammetry have been
used together. The first method was the photogrammetric approach which is the science of
gathering accurate data on an object's or surface's characteristics by collecting patterns of
electromagnetic radiation energy mostly in the form of photographic images (Schenk, 2005).
The most crucial point in digitizing the created mold and students in a seated position was to
ensure that the photographs were taken from all sides and in high resolution. In this context,
videos demonstrating how to take the shots were shown (Figure 2).

Fig. 2. A video shown for informational purposes about how to take photographs in the
course content (Autodesk ReCap, 2014)
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The user's optimal sitting height and position captured by a series of photos taken from
different perspectives have been translated into processable data through straightforward apps
and 3D modelling programs developed specifically for this subject (Figure 3). On the other
hand, the second phase employed the conventional plaster molding procedure to process the

1o €6

user's “sitting trace” mold in the computer environment (Figure 4).

Fig. 4. A and B examples of a mold created with mortar

The user's unique ergonomic mold obtained from the sitting trace left by the user was
imported into the computer environment using photogrammetry while the user was seated at
the proper height in a plaster filled container. The curves of the mold surface were
transformed into data with the aid of software resulting in a 3D model that could be used in
the CAD environment (Figure 5). At this stage, it was decided that the parametric design
approach, which is a computer-based method that views the design's geometric elements as
variables, was suitable for carrying out the study further (Schumacher, 2015).
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Fig. 5. Transferring the mold model to the 3D program and dividing it into slices

As a result, slices of the 3D ergonomic seat surface were created accounting for the
thickness of the cardboard selected for construction (Figure 5). Each slice was ready for CNC
cutting as numbered and supported with necessary technical drawings with the appropriate
ergonomic curvature (Figure 6). The process to be followed is left open even when the
components other than ergonomics are fashioned in accordance with user expectations. The
majority of the students still favored CNC cutting. The students assembled these parts and
applied the final touches.
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Fig. 6. Numbering the created slices and supporting them with technical drawings
3 Results and Discussion

Each student project in Figure 3 was created with consideration for the groupmate's
expectations, individual body measurements and the custom-made design approach. In the
beginning, the photogrammetry approach was used to transfer the user's determined
"comfortable" sitting height and posture to the 3D software environment. Subsequently, the
plaster mold process was used to collect the required dimensions for customization including
the user's sitting trace in the same position and its depth and curves. Once more, the mold
surface was processed for CNC cardboard cutting after being transformed into data using the
photogrammetry approach.

"A seating element that can be used while camping in nature and can stand properly on
uneven ground is portable in size and has a compartment where camping equipment can be
placed” was the user's expectation which served as the foundation for the design in the
Student A’s work (Figure 3). The sitting component is made to resemble a stool without
backrests or armrests for mobility. Additionally, the form of the seat surface follows the user's
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sitting trace. Footings that may pierce soft floors were added in consideration of a sturdy
stance, and the storage compartment is situated in front of this stool. This allows for
convenient access to the contents of this compartment while seated. The study was able to
finish the ergonomics and expectation process effectively in terms of function but it was
unable to base its look on its concept and maintained a poor shape.

"A seating element themed around the comic book character Dr. Strange and suitable for
home use" was the user expectation for Student B’s work (Figure 3). Dr. Strange is a
superhero who employs magic and a variety of talismans within the theory of multiple
universes and astral realms. The magical safety chest idea was developed with a “seat” placed
on top that is also appropriate for use at home. There are no backrest or armrest components
in this design which features Dr. Strange-related talismans all over its surfaces. The footing
was designed as a solid whole due to the user’s “home use” expectation. Smooth surface is
intended using it on a flat. On the other hand, the surface of the seat is custom made to meet
the specific ergonomics of the user. While its functionality fulfills the requirements of tailored
ergonomics and user expectations, its cosmetic look design may be argued against.
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Fig. 7. Students’ works
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The user expectation was defined as a seating element suitable for home use themed
around “Loki" a superhero character in Student C’s work (Figure 7). The most well-known
figure in Norse mythology among these comic book characters is the god of mischief, Loki.
He is dressed in a green colored costume with a dark green cloak, and his helmet features
exquisite golden horns that curve back. The sitting aspect of the student work was modelled
after a small throne fitting the godlike nature of the Loki figure. Therefore, the continuously
curving armrest design at the sides, which is inspired from the horns of Loki’s helmet, also
turns into a back post component at the back side of the seating element. Its one-piece solid
footing design for levelled surfaces has been chamfered slightly on the front edge considering
the heel distance to provide an effortless "stand up™ action. It has been determined that the
study is functionally effective in terms of user expectations and custom made ergonomics.
Furthermore, the design of its appearance has also been evaluated to be rather good with its
overall form in comparison to other student works.

4  Conclusion

e The "Human-Centered Approach in Interior Design Education™ project at Antalya
Bilim University has demonstrated the efficacy of integrating theoretical
coursework with practical design exercises in preparing students for the challenges
of contemporary interior design. This study conducted within the Interior
Architecture and Environmental Design Department has reinforced the Gestalt
principle that the whole is greater than the sum of its parts by synergistically
combining the "Human Factors in Interior Space™ and "Furniture Design™ courses.

e Students engaged with both the conceptual and tangible aspects of design
beginning with manual anthropometric methods and evolving into advanced digital
techniques throughout the semester. The hands-on experience with plaster molding
and photogrammetry allowed for a profound understanding of ergonomic
considerations directly influencing the design and functionality of the final seating
elements.

e The dual approach employing both manual and digital methodologies has equipped
students with a versatile skill set. Students not only have learned to assess and
implement anthropometric data but also have become adept at using sophisticated
software for design conceptualization and execution. The process from molding to
model construction—using software like Agisoft, Polycam, Autodesk ReCap, and
the 3D Scanner App culminated in the production of seating elements that are a
testament to personalized ergonomic design.

e This holistic educational model has implications beyond the classroom. It fosters
creativity, encourages the adoption of emerging technologies, and emphasizes
sustainable practices of all crucial components in the development of future interior
design professionals. As students transition from academia to the professional
sphere, they carry forward the lessons of functionality, user-centered design, and
the seamless integration of technology in creating spaces that enhance human well-
being and productivity.

e Moreover, the collaborative aspect of the project, which is partnering with peers,
sharing feedback, and iterative design, instilled in students a deeper appreciation
for collective effort and the iterative nature of design. The educational paradigm
suggested by this paper not only aims to improve students' understanding and
application of integrated disciplines but also prepares them to contribute
meaningfully to the evolving field of interior design.
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e As we reflect on the accomplishments of this project, it is clear that the integration
of human factors and furniture design within an educational setting can
significantly elevate the students' learning experience equipping them with the
knowledge and skills necessary for success in the ever-changing landscape of
interior design.
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