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Doviz kurunun aga¢ ve agac uriinleri sektoriinde secilmis gostergeler
iizerindeki etkisi: Turkiye ornegi
Mustafa Cayr! ¢, Nadir Ersen?®”

OZ: Bu c¢alismada, efektif doviz kurunun agag Griinleri sektoriine ait sanayi tretim endeksi,
kapasite kullanim orani, ithalat ve ihracat iizerine etkisi arastirilmistir. Caligmada kullanilan
veriler Tiirkiye Cumhuriyeti Merkez Bankasi’nin Veri Dagitim Sisteminden ve TradeMap
web adresinden elde edilmistir. Analiz 2007-2023 arasindaki donemi kapsamakta olup veriler
aylik gézlemlerden olugsmaktadir. Tiim analizler kapasite kullanim orani harig biitiin verilerin
dogal logaritmasi alinarak gergeklestirilmistir. Walds dogrusallik testi ile serilerin dogrusal
olup olmadigi tespit edilirken, Artirilmis Dickey-Fuller ve Philipps-Perron testleri ile serilerin
duragan olup olmadigi ve kaginci dereceden duragan olduklar: tespit edilmistir. Serilerin
bazilarinin dogrusal olmadigi ve s6z konusu serilerin ayni diizeyde duragan olmadigi igin
yontem olarak asimetrik etkileri hesaba katan dogrusal olmayan otoregresif gecikmesi
dagitilmis sinir testi (NARDL) kullanilmistir. Arastirmanin sonuglarina gore, efektif doviz
kurundaki degisimler kisa ve uzun dénemde agag iriinlerine ait kapasite kullanim oranini,
sanayi tretim endeksini, ihracati ve ithalati anlaml diizeyde etkilemektedir. Sonuglar agag
urunleri sektoriindeki sektor temsilciler ve politika yapicilar i¢in bir yol haritast olusturabilir.

Anahtar kelimeler: Efektif doviz kuru, Kapasite kullanim orani, Sanayi tiretim endeksi

The effect of exchange rate on selected indicators in the wood and wood
products sector: the case of Turkiye

ABSTRACT: In this study, the effect of the effective exchange rate on the industrial
production index, capacity utilization rate, import and export of the wood products sector was
investigated. The data used in the study were obtained from the Data Distribution System of
the Central Bank of the Republic of Tlrkiye and the TradeMap web address. The analysis
covers the period from 2007 to 2023, and the data consists of month observations. All
analyses were performed by taking the natural logarithm of all data except the capacity
utilization rate. The Walds linearity test was used to determine whether the series were linear,
while the stationarity of the series was determined with the Augmented Dickey-Fuller and
Philipps-Perron tests. Since some of the series are non-linear and not stationary at the same
level, non-linear autoregressive distributed lag limit test (NARDL), which takes into account
asymmetric effects, was used as a method. According to the results of the research, changes in
the effective exchange rate significantly affect the capacity utilization rate, industrial
production index, export and import of wood products in the short and long term. The results
can provide guidance for industry representatives and policy makers in the wood products
industry.

Keywords: Effective exchange rate, Capacity utilization rate, Industrial production index
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1 Giris

Imalat sektorii modern bir ekonomide katalitik bir rol oynamaktadir ve ekonomik doniisiim
icin hayati 5nem tasiyan birgok dinamik faydaya sahiptir. imalat sektorii, ticaretin genislemesi
icin bir yoldur, hayati bir yenilik ve rekabet giicii kaynagidir ve ihracata ve iiretkenlik artigina
¢ok biiyiik katkilar saglar. Imalat sektorii, katma degeri, ekonominin iiretim sektorlerine
(madencilik ve tarim) ve alt hizmet sektorlerine olan baglantilari nedeniyle en yiiksek
ekonomik carpanlara da sahiptir (Mlambo ve McMillan, 2020). imalat sektdrlerinden biri olan
aga¢ ve agac¢ iriinleri iilkemizin ekonomik kalkinmasi ve kirsal istihdam i¢in Gnemli
sektorlerinden biridir (Kara ve ark., 2019). Uretim degeri biiyiikliigii bakimindan, 2022
yilinda 150,9 milyar TL iiretim degeri ile agag iiriinleri sektorii imalat sanayi icinde on besinci
yer almaktadir (TUIK, 2022). Kapasite kullanim oram agisindan ise 2023 yilinda agag
tiriinleri sektorii imalat sanayinin 4 puan iizerinde gergeklesmistir (TCMB, 2023). Bu sektor
2019 yilindan itibaren dis ticaret fazlaligi veren sektorlerden biri de olmustur (TradeMap,
2024).

Imalat sektdriiniin - performansini  etkileyebilecek cesitli makroekonomik —faktdrler
bulunmakta olup, bu faktorlerden biride doviz kurudur (Mlambo ve McMillan, 2020). Doviz
kuru, bir Glkenin parasal rekabet guclini 6lgmenin bir yoludur. Doviz kurundaki genel
degisikliklerin makroekonomik degiskenler lizerinde carpan etkisi yaratma egiliminde olmasi
nedeniyle, bir ekonominin performans diizeyinin belirlenmesinde kullanilan 6nemli
makroekonomik gostergelerden biridir. Onemli ekonomik degisken olan déviz kurunun deger
kayb1 veya deger kazanmasi, imalat sektorii basta olmak iizere ekonominin tiim sektorlerinin
performansini etkilemektedir (Omolola ve ark., 2023). Déviz kurunun azalisi (bir Glkenin para
biriminin degerinin artmasi), o iilkenin ihracatinin azalmasma ve yabanci Ulkelerden daha
fazla ithalat cekilmesine neden olmaktadir. Bunun sonucunda ise, yurt ici ekonomiden fon
cikis1 olmakta ve yerli firmalarin yatirim yapmak ve biiyiimek i¢in kullanabilecegi kaynak
miktar1 azalmaktadir. Ote yandan doviz kurunun artis1 (para biriminin degerinin diismesi) ise,
tilkeyi yabanci yatirimlar i¢in daha ¢ekici hale getirmekte ve tirlinlerini uluslararas1 pazarda
daha rekabetci hale getirmektedir. Sonug olarak, yabanci sirketler {ilkeye daha fazla yatirim
yapma ve yerel mal ve hizmet talebini artirma egiliminde olmaktadir. Bu da yerli endiistrilerin
biiyiimesini tesvik etmekte ve ekonomik kalkinmayi hizlandirmaktadir (E1 Aboudi ve ark.,
2023).

Arastirmanin amaci efektif doviz kurundaki artis ve azaliglarinin agag iirtinleri sektoriiniin
kapasite kullanim orani, sanayi tiretim endeksi ve dis ticareti lizerindeki etkileri incelemektir.
Bu amacgla 2007:01-2023:11 donemine ait aylik veriler yardimiyla dort adet Dogrusal
Olmayan Otoregresif Gecikmesi Dagitilmis (NARDL) modeli kurulmustur.

1.1 Literatiir Taramasi

Bu kisimda ilk olarak Tiirkiye 6zelinde ve kiiresel boyutta ARDL ve NARDL yaklasimlar1
yardimiyla dOviz kurunun ve efektif doviz kurunun dis ticaret, kapasite kullanim orani ve
sanayi Uretim endeksi iizerine etkisine yonelik literatiirde yer alan ¢aligmalar hakkinda bilgi
verilmistir. Daha sonra ise ayni konu iizerinde sektdrel bazda yapilan caligmalara yer
verilmistir.

Hanger (2019) ARDL sinir testini kullanarak 9 iilke (Malezya, Sili, Tiirkiye, Tayland,
Filipinler, Endonezya, Meksika, Brezilya ve Giney Afrika) kapsaminda doviz kuru
degisikliginin ihracat iizerindeki etkisini incelemistir. Inceleme sonuglarma gére, Tayland
0zelinde uzun donemde efektif doviz kuru artisi ile ihracat arasinda anlamli ve negatif bir
iliski bulunurken Tirkiye ve Meksika 6zelinde efektif doviz kuru artisi ile ihracat arasinda
anlamli ve pozitif bir iligki bulunmustur. Calisma kapsamindaki diger iilkelerde ise uzun
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donemde doviz kurundaki degisikliklerin ihracat iizerinde 6nemli bir etkiye sahip olmadigi
sonucuna ulasilmustir.

Longe ve ark. (2019) Nijerya 6zelinde reel efektif doviz kurunun ticaret tzerinde etkisi
arastirilmigtir. Caligmada verileri analiz etmek i¢in hem ARDL hem de NARDL teknigi
kullanilmistir. ARDL sonuglarma gore, reel efektif doviz kurunun Nijerya'daki ticaret
hizmetleri lizerinde 6nemli bir olumsuz etkiye sahip oldugu ortaya ¢ikmustir. NARDL
bulgular1 ise, reel efektif doviz kurundaki hem negatif hem de pozitif degisimlerin
Nijerya'daki ticaret iizerinde 6nemsiz bir olumsuz etkisinin oldugunu goéstermistir.

Dagli (2021) Tiirkiye 6zelinde yaptig1 calismada doviz kurunun ihracat ve ithalat {izerine
etkisi arastirilmis olup, ARDL es biitiinlesme test sonucglarina gore ulusal paranin deger
kazanmasin ithalat1 pozitif yonde etkiledigi sonucuna varilmstir.

Akgaglayan (2022) tarafindan yapilan ve NARDL modeli ile Tirkiye 0zelinde ithalat ve
thracat tlizerinde efektif doviz kurunun etkisinin incelendigi ¢alismada, doviz kurundaki
azaligin ihracati negatif yonde etkiledigi bulunurken, doviz kurundaki artisin ise ithalat1
pozitif yonde etkiledigi bulunmustur.

Kayani ve ark. (2023) hem dogrusal hem de dogrusal olmayan Otoregresif Gecikmesi
Dagitilmig modelleri kullanarak Asya tlkeleri 6zelinde asimetrik doviz kurlarmin ticaret
akiglar1 lizerindeki etkisini incelemislerdir ve artan déviz kuru oynakliginin ihracat ve ithalat
iizerindeki etkilerinin Pakistan, Malezya, Japonya ve Kore arasinda farklilhik gosterdigini
ortaya ¢ikarmaya calismiglardir.

Joshi ve ark. (2023) yaptig1 calismada, Nepal'in ihracatinda doviz kurunun kisa ve uzun
vadeli es-biitiinlesmesi incelenmistir. Es-biitiinlesmeyi test etmek i¢in ARDL Smir testi
uygulanmistir. Sonuglar doviz kurunun Nepal'in ihracati tizerindeki uzun vadeli ve kisa vadeli
etkisinin oldugunu gostermektedir.

Sektorel bazda yapilan calismalar incelendiginde ise, Eren Sarioglu (2013) smir testi ve
ARDL yaklagimi ile reel doviz kuru degisikliliginin kimya, otomotiv, elektrik-elektronik ve
demir-gelik sektorlerinin  ihracatlarina etkisini  belirlemeye ¢alismustir. Déviz  kuru
degisikliginin ¢alisma kapsamindaki sektorlerin ihracati tizerinde ©Onemli bir etkisinin
olmadig1 bulgusuna varilmistir.

Tutueanu (2015) Romanya 0Ozelinde doviz kurunun orman drtnlerinin (lif levha, yonga
levha ve kagit hamuru) ticaret dengesi Uzerindeki dinamik etkisini arastrmistir. Bu amacla,
1990'dan 2014'e kadar Romanya'nin yillik orman iiriinleri ticaret dengesini tahmin etmek i¢in
ARDL esbiitiinlesme yaklagimi kullanilmistir. Calisman sonucunda, déviz kurunun kisa
donemde Romanya'nin kagit hamuru ticaret dengesini etkileyecegi ve doviz kurunun hem kisa
hem de uzun dénemde lif levha ve yonga levha ticaret dengesinin belirlenmesinde énemli bir
rol oynamadig1 gozlemlenmistir.

Saracoglu ve digerleri (2018) sektorel bazda Tiirkiye ile Almanya arasindaki dis ticarete
doviz kuru ve doviz kurundaki belirsizliklerinin nasil bir etkiye sahip oldugu analiz
etmislerdir. DOviz kuru ve doviz kurundaki belirsizliklerin ihracata ve ithalata etkisi sektdre
gore farklilik gosterdigi ve reel doviz kuru ile kurlardaki belirsizliklerin Almanya ile dis
ticarette pay1 yiiksek olan sektorlerde daha belirleyici oldugu bulunmustur.

Alt1 farkl sektorde faaliyet gosteren 68 isletmenin verileri ile yapilan ¢calismada, Yasar ve
Kiip¢ii (2020) Tiirk lirasinda meydana gelen artis ile ihracat arasinda negatif bir iligki
bulmuslardir.
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Yenigiin ve Azizi (2022) doviz kurundaki degisikliklerinin imalat sektoriine ait istihdam,
kapasite kullanim orani ve gayri safi yurti¢i hasila iizerindeki etkisini incelemislerdir. ARDL
yaklasimi ile elde edilen bulgularmma gore, doviz kurunun kapasite kullanim oranmni pozitif
yonde etkiledigi tespit edilmistir.

Ozen ve Yildirim (2023) tarafindan reel efektif doviz kuru ile deri ve deri mamulleri
sektoriiniin ihracat1 arasinda iliskiyi ARDL yaklasimi ile belirlemeye yonelik yapilan
calismada, sadece kisa donemde doviz kurunun deri ve deri mamulleri ihracatma etkisi
oldugu gozlemlenmistir.

Bitrak (2023) ARDL teknigi kullanarak bazi makro ekonomik degiskenlerin seliiloz (kagit
hamuru) ithalatina etkisini incelemistir. Inceleme bulgulara gére, ddviz kurunda meydana
gelen artiglarin seliiloz ithalatin1 uzun donemde negatif yonde etkiledigi tespit edilmistir

Sylvanus ve ark. (2023) tarafindan gerceklestirilen ¢alismada, ARDL teknigi yardimiyla
Nijerya 0Ozelinde doviz kurunun tarim endiistrisi Tlzerindeki etkisini arastirilmistir.
Arastirmada doviz kurlarinin tarim hacmi ve katma deger performans: ilizerinde negatif ve
onemsiz bir etkiye sahip oldugu sonucuna ulasilmistir. Doviz kurlarmin tarimsal kapasite
kullanimini etkiledigi de tespit edilmistir.

2 Materyal ve Metot
2.1 Materyal

Efektif doviz kuru ile aga¢ ve agag triinleri sektoriinde segilmis gostergeler arasindaki
iligki analiz amaciyla secilmis gostergeler olarak kapasite kullanim orani, sanayi iiretim
endeksi, ithalat ve ihracat degerleri kullanilmustir. Cizelge 1°de goriildiigi tizere, efektif doviz
kuru, kapasite kullanim orani ve sanayi liretim endeksi verileri Turkiye Cumhuriyeti Merkez
Bankas1 (TCMB) Veri Dagitim Sisteminden (EVDS) elde edilirken, aga¢ ve agag iiriinleri
sektoriine ait ihracat ve ithalat degerleri TradeMap web adresinden elde edilmistir. Analiz,
2007°den 2023'e kadar olan aylik verileri kapsamaktadir. Tiim analizler kapasite kullanim
orani harig biitlin verilerin dogal logaritmasi1 alinarak gerceklestirilmistir.

Cizelge 1. Calismada kullanilan degiskenler

Degisken Kisaltmast Veri Kaynagi
Efektif DOviz Kuru EDK TCMB
Kapasite Kullanim Orani KKO TCMB
Sanayi Uretim Endeksi SUE TCMB
Ithalat ith TradeMap
fhracat Thr TradeMap

2.2 Metot

Efektif doviz kuru ile aga¢c ve agag¢ Urlinleri sektoriinde faaliyet gosteren firmalarin
kapasite kullanim oranlari, sanayi iiretim endeksleri ve dis ticaret (ithalat ve ihracat) degerleri
arasidaki iligki arastirmak amaciyla dort ayri model kurulmustur.

Model 1: KKO=B:*InNEDK+¢
Model 2: SUE=B>*INEDK+¢
Model 3: Ith= Bs*INEDK+ Bs*Kukla degiskeni+e
Model 4: Thr= Bs*INEDK+ Ps*Kukla degiskeni+e
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Modellerin kurulmasmin ardindan Oncelikle analizde kullanilan serilerin dogrusal olup
olmadigint belirlemek amaciyla Walds dogrusallik testi yapilmistir. Degiskenlerin
dogrusalligma iliskin sonuglar ise bulgular ve tartigma kisminda detayli olarak bahsedilmistir.
Ayrica bu degiskenler arasindaki kisa ve uzun donemli iligkilerin incelenmesi ve bu iligkilerde
asimetrik etkilerin tespit edilmesi de ¢aligmanin amaglarindan biridir. Belirlenen hedefler ve
dogrusallik testlerinin sonuglar1 g6z 6niine alindiginda, NARDL testi en uygun analiz yontemi
olarak secilmistir. NARDL teknigi, degiskenler arasindaki asimetrik ve dogrusal olmayan
iliskileri es zamanl olarak test etmemizi saglayan dinamik bir g¢er¢ceve sunmaktadir (Shin ve
ark., 2014). Bu teknikte es biitiinlesme i¢in biitiin degiskenlerin ayn1 diizeyde duragan olmasi
gerekmemektedir. Ornegin, degiskenlerden bir 1(0) digeri I(1) diizeyde duragan olabilir. Bu
teknigin diger bir avantaji ise kisa ve uzun donem katsayilar1 ayni1 anda modellenebilmektedir
(Ucar ve Alsu, 2024). NARDL testi ve NARDL tabanli hata diizeltme modeli (ECM) su
sekilde ifade edilebilir:

Ve = Z?:l @jYye-j+ Z?:g(erlxg-—j + ej_,Xt_—j) + & )

-1 -1 ] —7 —
Ay = &y + X By Ay + Do (07 AXE + 1 AXE) + e (2)

Burada Y, hem NARDL modeli hem de NARDL tabanli ECM i¢in bagimli degisken ve X
bagimsiz degiskendir. ¢ ve Y otoregresif parametreleri temsil ederken, & dogrusal olmayan
hata diizeltme terimini simgelemektedir. Ek olarak 0 ve m swrasiyla NARDL modeli ve
NARDL tabanli ECM i¢in gecikme parametrelerini belirtir ve p uzun vadeli parametreyi
temsil eder. Son olarak, ¢ ve e sirasiyla NARDL modeli ve NARDL tabanli ECM i¢in hata
terimlerini temsil etmektedir (Shin ve ark., 2014).

3 Bulgular

Cizelge 2’deki Walds dogrusallik test sonuglari incelendiginde, aga¢ ve agag¢ lriinleri
sektoriine ait kapasite kullanim orani, sanayi {liretim endeksi ve ihracat serilerinin dogrusal
oldugu, efektif doviz kuru ve aga¢ ve agag tirlinleri ithalat1 serilerinin ise dogrusal olmadigi
tespit edilmistir. Degiskenlerin dogrusalliklarma iligkin elde edilen bulgulara gore, analizde
yer alacak bazi degiskenlerin dogrusal olmamasi nedeniyle, ¢alismada dogrusal olmayan
serilerin de analizine izin veren bir ekonometrik yontem tercih edilmesi gerekmektedir.

Cizelge 2.Walds dogrusallik test sonuglar1

Kapasite Kullanim Sanayi Uretim

Orani Endeksi Ithalat Thracat

Efektif Doviz Kuru

Sabit 39,4* Sabit 062  Sabit 13,02 Sabit  672*  Sabit 252
EDK(-1) -257* KKO(-1) -1,11 SUE(-1) -808 ith(-1) -180* Ihr(-1) -657
EDK2(-1) 6,02 KKOX-1) 251 SUE2(-1) 2,09 ith%-1) 16,3* Ihr%(-1) 5,88

EDK3(-1) -045* KKO%-1) -105 SUE(-1) -0,16 ith3(-1) -048* Ihr3(-1) -0,17

Katsayilarin yaninda bulunan *, **, *** jsaretleri, swrasiyla, %1, %5 ve %10 anlamlilik diizeylerini
gostermektedir.

Serilerin duragan olup olmadigi ve kaginci dereceden duragan olduklarinin bilinmesi de
analizde kullanilacak yontemin seciminde olduk¢a Onemlidir. Bu cergevede, analizde
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kullanilan serilerin duraganliklar1 Artirilmis Dickey-Fuller (ADF) ve Philipps-Perron (PP)
testleri ile aragtirilmigtir. Duraganlik testlerinden elde edilen sonuglar asagidaki Cizelge 3’te
yer almaktadir.

Cizelge 3. Duraganlik test sonuglar1

ADF PP
Seviye Birinci Fark Seviye Birinci Fark
INEDK 0,299 - 9,389* 0,375 -11,27*
KKO -4,414* - -4,01* -
InSUE -1,119 - 5,445* - 2,878** - 32,37*
Inith -2,000 - 20,03* -2,465 - 19,89*
Inihr - 0,499 -12,48* -1,665 - 34,88*

Test istatistik degerlerinin yaninda bulunan *, **, *** jsaretleri, sirastyla, %1, %5 ve %10 anlamlilik diizeylerini
gOstermektedir.

Yapilan duraganlik testlerinden elde edilen sonuglara gore, efektif doviz kuru hem ADF
hem de PP testi i¢cin diizeyde duragan degilken, birinci dereceden farki alindiginda duragan
hale gelmektedir. Kapasite kullanim orani, iki teste gore de diizeyde duragandir. Sanayi
iretim endeksi ADF testine gore diizeyde duragan degilken, birinci farkinda duragan hale
gelmektedir. Sanayi Uretim endeksi degiskeni PP testine gore diizeyde % 5 anlam diizeyinde
duraganken, birinci farkinda % 1 anlam diizeyinde duragan hale gelmektedir. ithalat
degiskeni, iki test i¢in de diizeyde duragan degilken, birinci farkinda duragan hale
gelmektedir. Thracat degiskeni ise hem ADF hem de PP testine gore diizeyde birim kdk
icermekteyken, birinci farkinda birim kok igcermemektedir. Degiskenlerin ya diizeyde ya da
birinci farklarinda duragan olduklar1 goriilmekte ve hicbir degiskenin duragan hale gelmesi
ilgili degiskenlerin birinci farkinin {izerindeki mertebeleri bulmamaktadir.

Analizde kullanilacak serilerin bazilarmin dogrusal, bazilarinin ise dogrusal olmadigi,
diger yandan, yine s6z konusu serilerin bazilarmin diizeyde, bazilarinin ise birinci farklarinda
duragan oldugu ancak higbir degiskenin ikinci ve daha yiiksek mertebeden duragan olmadigi
g6z Oniine alinarak, ekonometrik analiz i¢in en uygun yontemin dogrusal olmayan otoregresif
gecikmesi dagitilmig sinir testi olduguna karar verilmistir. Bu ¢ergevede, Tiirkiye’de efektif
doviz kurunun aga¢ ve aga¢ lriinleri sektoriine ait kapasite kullanim orani, sanayi iiretim
endeksi, ithalat1 ve ihracati lizerindeki etkilerini ortaya koymak {izere kurulan dért model
NARDL yontemi ile tahmin edilmistir. Modellerin NARDL tahmin sonuglar1 Cizelge 4’te yer
almaktadir.

Model-1 tahminine gore efektif doviz kurundaki degismeler, uzun donemde, agag ve agag
iirlinleri endiistrisinde faaliyet gdsteren firmalarin kapasite kullanim oranini anlamli diizeyde
etkilememektedir. Kisa donemde, efektif doviz kurunda meydana gelen artis yonli
hareketlerin de sektorde kapasite kullanim oranini anlaml diizeyde etkilemedigi goriiliirken,
efektif doviz kurundaki diigiis yonlii hareketlerin kapasite kullanim oranini diisiirdiig, % 10
anlam diizeyinde anlamlilikla, saptanmigtir. Agac ve agac iriinleri tiretimi yapan firmalarmn
kapasite kullanim orani, kendisinin bir donem gecikmeli degerleriyle ayn1 yonde etkilendigi
de, % 1 anlam diizeyinde, tespit edilmistir. KKO’nin bir donem onceki degisiminin negatif
olmas1 cari KKO’n1 negatif etkilerken, bir donem oOncesinin pozitif olmasi ise i¢inde
bulunulan dénemi pozitif etkilemektedir. Aga¢ ve agag {iirlinleri alaninda faaliyet gosteren
firmalarin kapasite kullanim oranina iliskin herhangi bir digsal sokun, her dénemde ‘- 0,171’
katsayistyla bu sokun ortadan kalktigida belirlenmistir.

141



Cayir ve Ersen, Mobilya ve Ahsap Malzeme Arastirmalart Dergisi, 7 (2), 136-149

Cizelge 4. NARDL tahmin sonuglar1

Kisa Donem Katsayilari Uzun Donem .
Modeller Katsayilar1 (Standart NARDL Sinir Testi
(Standart Hata) H
ata)
-0,01 AINEDK  -0,061 T *
AINEDK (+) 0.03) ) (0,175) F - Istatistigi 5,654
- 0,117%** - 0,042 0 LB =2,713
Vodel.L AINEDK (-) 0.07) AINEDK (-) (0.12) 10% UB = 3.453
* =
KKO (-1) 0,189 504 LB = 3,235
(0,068) UB = 4,053
- * =
ECT (1) (8 (l);ElS) 1% Iljg = gggg
-1,025** AINEDK  1,048* T .
AINEDK (+) (0.474) ) (0,358) F - Istatistigi 14,939
0,127 0,348 LB = 3,26
_ L _ L 0 1
AINEDK (-) (0.092) AINEDK (-) (0.241) 10% UB = 4247
oser? AInSUE (1) 283 5% LB =394
(0,055) 0 UB = 5,043
- * =
ECT (D) ((g) ?)gi) 1% LI]E = 2323173
- 1,605** AINEDK 1,877 T *
AINEDK (+) (0.688) ) 1,442 F - Istatistigi 8,015
0,509* 2,306* LB = 3,588
_ L _ L 0 L
Vodel.a AINEDK (-) (0.158) AINEDK (-) (0,589) 10% UB = 4605
. 0,779* - 0,853* LB = 4,203
_ L L 0 L
Alnlth (-1) (0,04) Kukla (0,188) 5% UB = 5,32
-0,221* LB = 5,62
- ! 0 L
ECT (1) (0,039) 1% UB = 6,908
- 0,168 AInEDK - 0,552 T
+ _ *%x
AINEDK (+) (0.153) +) (0.493) F - Istatistigi 4,959
- 0,261** - LB = 2,474
- ' - 9 '
Vodela AINEDK (-) (0.114) AInEDK (-) (0,337) 10% UB = 3.312
Alnihr (-1) - 0,235% Kukla 0,103 5% LB =292
(0,068) (0,076) UB = 3,838
ECT (1) (ggg% % - aou

Test istatistik degerlerinin yaninda bulunan *, **  *** isaretleri, sirasiyla, %1, %5 ve %10 anlamlilik diizeylerini
gostermektedir.

Yapilan Model-2 tahmininden elde edilen sonuclara gore, uzun dénemde, efektif doviz
kurunda meydana gelen pozitif degismelerin agac ve agag Urlinleri sanayi tretim endeksini, %
1 anlam dizeyinde anlamlilikla, pozitif etkiledigi goriilmekteyken, EDK’da meydana gelen
negatif degismelerin sektoriin sanayi iiretim endeksi lizerinde anlamli bir etkiye sahip
olmadig1 anlagilmaktadir. Kisa donemde ise, EDK’da meydana gelen pozitif degismelerin
sektorel sanayi Uretim endeksi Uzerinde, % 5 anlam diizeyinde anlamlilikla, negatif etkisi
oldugu belirlenirken, EDK’daki negatif degismelerin ise, endiistrinin SUE iizerinde anlaml
bir etkisinin bulunmadig1 tespit edilmistir.  Endiistriyel SUE’i, kendisinin bir d6énem
gecikmeli degerleri tarafindan, % 1 anlam dlzeyinde anlamlilikla ayn1 yonde etkilenmektedir.
Diger bir ifadeyle, sektorde bir dsnem énceki SUE’in meydana gelen pozitif degismeler cari
SUE’ni pozitif etkilerken, bir dénem 6nce meydana gelen negatif degismeler cari SUE’ni
negatif etkilemektedir. Agac ve agag iiriinleri sanayi uretim endeksinde herhangi bir nedenle
meydana gelen digsal soklarm ‘— 0,366’ katsayisiyla bu sokun ortadan kalktigida tespit
edilmistir.
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Uctincti modelimizin tahmininden elde ettigimiz bulgulara gegmeden énce belirtmemiz
gerekir ki, agac Urlinleri ithalati serisi 2016 yili temmuz ayinda Ulkemizde meydana gelen
darbe olayr kaynakli olarak bir kirilma yasamistir. Bu cercevede, s6z konusu kirilmay1
aciklayabilmek ve diizeltmek amaciyla modele bir kukla degisken eklenmistir. Bu bilgilerin
15181 altinda, Model-3 tahminimizden elde edilen sonuclar gostermektedir ki, uzun dénemde,
efektif doviz kurunda meydana gelen diisiis yonlii hareketler, agac¢ iiriinleri ithalatin1 % 1
anlam duzeyinde anlamlilikla, pozitif etkilemekteyken, efektif déviz kurunda meydana gelen
yiikselis yonlii hareketler ithalati, anlamli diizeyde etkilememektedir. Modele ekledigimiz
kukla degiskenin de ithalat1 % 1 anlam diizeyinde negatif etkiledigi tespit edilmistir. Ozellikle
darbe olay1 lilkemizde agag iiriinleri ithalatinda aksamalara neden olmustur. S6z konusu etki
2016 yili temmuz ayimnda baslamis olup, yaklasik 5 yil siirerek, 2021 yili temmuz ayma kadar
surmustur.

Model-3 tahmininden elde edilen kisa donem sonuglarina gore ise, efektif doviz kurunda
meydana gelen yiikselis yonlii hareketler ithalat1 % 5 anlam diizeyinde anlamlilikla negatif
etkilerken, diislis yoniinde meydana gelen degisiklikler % 1 anlam diizeyinde anlamlilikla
pozitif etkilemektedir. Cari aga¢ ve agag iriinleri ithalat1 ise, kendisinin bir donem 6nceki
degerleriyle % 1lanlam dizeyinde anlamlilikla ayni yonde bir iliski igerisindedir. Agag
irtiinleri ithalatinda herhangi bir nedenle meydana gelen digsal bir sokun ‘— 0,221’
katsayistyla ortadan kalktig1 saptanmustir.

Dérdiincli modelin tahmininden elde edilen sonuglar1 ifade etmeden Once, agac iriinleri
ithracat1 serisinde 2011 yil1 mayis ayinda bir kirilma oldugu tespit edilmistir. Bu kapsamda,
s0z konusu kirilmay1 agiklayabilmek ve diizeltmek amaciyla modele bir kukla degisken
eklenmistir. Bu bilgilerin 15181 altinda, Model-4 tahminimizden elde edilen sonuclar
gostermektedir ki, uzun donemde, efektif déviz kurunda meydana gelen negatif yonli
hareketler, teorik beklentimize uygun olarak, agac¢ triinleri ihracatin1 % 5 anlam diizeyinde
anlamlilikla ve olumsuz etkilemekteyken, efektif déviz kurunda meydana gelen pozitif yonli
hareketlerin ve kiritlma nedeniyle modele ekledigimiz kukla degiskenin ihracat Uzerinde
anlamli bir etkisi bulunmamaktadir.

Son modelimiz olan Model-4’iin tahmininden elde edilen kisa donem bulgularina gore ise,
efektif doviz kurunda meydana gelen diisiis yonlii hareketler agac¢ ve agag iiriinleri ihracatini
% 5 anlam duzeyinde anlamlilikla negatif etkilerken, ylikselis yonlii hareketler ihracati
anlamli duzeyde etkilememektedir. Cari ihracat, kendisinin bir donem 6nceki degerleriyle %
1 anlam dizeyinde anlamlilikla ters yonde bir iliski igerisindedir. Aga¢ triinleri ihracatinda
herhangi bir nedenle meydana gelen digsal bir sokun ‘— 0,305 katsayisiyla ortadan kalktigi
belirlenmistir.

Modellerin tahmininin yapilmasinin ardindan, tahminlerin direngliligini 6lgmeye yonelik
tan1 testleri yapilmistir. Cizelge 5’te Cusum ve Cusum — q testleri haricindeki tani testlerinin
sonuglar1 yer almaktadir.

Tahminlerin gegerliligine ve istikrarliligina iligkin yapilan F testleri ve RamseyReset
testleri NARDL yontemiyle yapilan dort tahminin de gegerli ve istikrarli tahminler oldugunu
gOstermektedir. Breusch Godfrey Lagrance Carpani (BG LM) ve Breusch Pagan Godfrey
(BPG) testlerinden elde edilen sonuglara gore, Model-1 tahmininde degisen varyans ve
otokorelasyon problemi oldugu goriismiis olup, degisen varyansa ve otokorelasyona direngli
(HAC) varyans—kovaryans matrisi kullanilmistir. Model-1 tahmini digindaki diger g
modelde Breusch Godfrey Lagrance Carpani ve Breusch Pagan Godfrey testlerine gore
degisen varyans ve otokorelasyon problemi olmadig: tespit edilmistir.
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Cizelge 5. Tanu testleri

Model-1 Model-2 Model-3 Model-4
R?2 0,7804 0,8695 0,8807 0,9007
Diizeltilmis R 0,7724 0,8647 0,875 0,8981
e - ltatistisi 97,47 180,87 154,19 353,84
g (0,0000) (0,0000) (0,0000) (0,0000)
Log Olabilirlik 470,63 148,85 73,38 125,64
RamsevReset 0,081 0,551 1,443 1,717
y (0,9353) (0,5821) (0,1507) (0,1824)
BG LM 0,425 1,187 0,993 1,133
(0,65) HAC  (0,3174) (0,5298) (0,3242)
5,87 0,749 0,492
BPG (0.00)HAC  (0.6304)  (0,8787) ©:863(0:5489)

Jaraue - Bera 197,73 20,644 42,945 10,814
g (0,00) HAC  (0,0000) (0,0000) (0,0045)

ARDL modellerinin istikrarliligini tespit etmek icin geri doniislii hata terimlerinin
kullanarak degiskenlere ait yapisal kirilmalar1 inceleyen Cusum ve Cusum-Q grafikleri
kullanilmistir (Brown ve ark., 1975). Sekil 1 ve 2 incelendiginde, ARDL modellerindeki
degiskenlere ait uzun donem katsayilarinin kritik degerler arasinda hareket ettigi
gorulmektedir. Diger bir ifadeyle, modellerde kukla bir degiskenin kullanilmadigi ve
degiskenlere ait uzun donem Kkatsayilarmin istikrarli oldugu goérilmektedir. Sekil 3’teki
Cusum test sonucu incelendiginde ise ARDL modelindeki degiskenlere ait uzun dénem
katsayillarmin 2016 ile 2021 yillar1 arasinda kritik degerler arasinda hareket etmedigi
gorulmektedir. Kukla bir degisken kullanildiginda modeldeki degiskenlere ait uzun dénem
katsayilarmin kritik degerler arasinda hareket ettigi gdzlemlenmistir. Sekil 4 incelendiginde
goriilecegi lizere Cusum-Q testi sonucuna gore %35 anlamlilik diizeyinde degiskenlerde
yapisal kirilma oldugu goriilmektedir. Kukla bir degisken eklendiginde yapisal kirilmanin
ortadan kalktig1 goriilmektedir.
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Sekil 1. Model-1 i¢cin Cusum ve Cusum-Q sonuglar1
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Sekil 2. Model-2 i¢in Cusum ve Cusum-Q sonuglari
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Sekil 3. Model-3 i¢in kukla degiskensiz (a) ve kukla degiskenli (b) Cusum ve Cusum-Q
sonuglar1
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Sekil 4. Model-4i¢in kukla degiskensiz (a) ve kukla degiskenli (b) Cusum ve Cusum-Q

sonugclar1

4  Sonuclar ve Oneriler

Hem uzun donemde hem de kisa donemde efektif doviz kurunda meydana gelen
artiglar ile agac trilinleri sektoriiniin kapasite kullanim orani arasinda anlamli bir
iliskinin olmadig1 agik¢a goriilmektedir. Kisa donemde ise efektif doviz kurunun
azalis1 ile kapasite kullanim oran1 arasinda dogru orant1 bulunmaktadir.

Efektif doviz kuru ile agac {iriinleri sektoriiniin sanayi tretim endeksi iliskisi
dikkate alindiginda, uzun donemde efektif doviz kuru artikga sanayi iiretim
endeksinin de arttig1 ve kisa donemde ise doviz kurunun artmasi ile sanayi tiretim
endeksinin azaldig1 gézlemlenmistir.

Efektif doviz kuru ile agag {iriinlerinin dis ticareti arasindaki iliski incelendiginde,
agac iriinleri ithalatinda ve ihracatinda yapisal bir kirilmanin oldugu saptanmistur.
Ithalattaki kirilma 2016 yilmin temmuz aymda baslamisken, ihracattaki kirilma ise
2011 yilinin mayis ayinda baslamistir. Bu kirilmadan dolayr hem ithalata hem de
ihracata kukla degiskeni eklenmistir. Bu kukla degiskeni agac iirlinleri ithalatini
negatif yonde etkilemektedir.

Hem uzun dénemde hem de kisa donemde efektif doviz kuru azalis1 agag iirtinleri
ithalatin1 anlamli diizeyde etkilenmektedir. Uzun donemde ise efektif doviz
kurunun artig1 agag {irtinleri ithalat1 iizerinde 6nemli bir etkisi bulunmamaktadir.
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e Turk liranin deger kaybetmesinin ihracati her iki donemde de anlamli diizeyde
etkilememesi teorik beklentilerimizle Ortiismemektedir. Bu durum, Marshall —
Lerner kosulundan hareketle, agac iirtinleri ihracatinin reel déviz kuru esnekliginin
tek tarafli, yani sadece Tiirk Lirasnin deger kazanmasi durumunda calistig
anlamma gelmektedir. Tirk Lirasmnin deger kaybetmesi durumunda ise, agag
iiriinleri ihracat1 sifir ya da sifira ¢ok yakin bir esneklik katsayisiyla s6z konusu
olguya kayitsiz kalmaktadir. Elde edilen bu sonu¢ aga¢ ve ahsap tiiketicisinin
karakteristik yapisindan kaynaklanabilecegi gibi, i¢ ticaret haddi basta olmak tizere,
i¢ ve dis ticaret hadlerinden de kaynaklanabilir.

e Agag¢ irlnlerinin ihracatim1 arttirabilmek i¢in uluslararast fuar katilimlarmin
artirilmasi, iilkemizde aga¢ {riinleri {retiminin yogun oldugu bdlgelerde
uluslararasi fuarlar diizenlenmesi, diinyanm farkli yerlerinde sektore iliskin yeni is
iligkilerinin kurulmasi, tilkemizde iiretilen agac¢ iiriinlerinin kalitesinin artirilmasi
gibi doviz kuru disinda kalan etkenlere 6nem verilmesi ve bu tip faaliyetlerin
politika yapicilar tarafindan tesvik edilmesi daha isabetli olacaktir.

e Ithalatn ddviz kuruna duyarh olmasi, déviz kurundaki artiglarin uzun donemde
sektoriin sanayi iiretim endeksini artirtyor olmasi ve Tiirk lirasinin degerlenmesinin
kisa donemde kapasite kullanim orani iizerindeki olumsuz etkileri gbz Oniine
almdiginda, doviz kurunda meydana gelen diisiislerin agag¢ iirlinleri iiretim
sektoriinii acikga olumsuz etkiledigi sdylenebilir. S6z konusu sektorde iiretim
faaliyetinde bulunan sektor temsilcilerinin ve politika yapicilarim elde edilen bu
sonuglar dogrultusunda bir yol haritas1 olusturmasi sektoriin gelecegi ve devami
bakiminda faydali olacaktir.

e Literatiirde doviz kuru ve doviz kuru oynakligmin dig ticaret iizerine etkisine
yonelik bir¢ok ¢aligma bulunmakta olup, hem doviz kurun sektorel bazda dis ticaret
hem de doviz kurunun kapasite kullanim orani ve sanayi Uretim endeksi Uzerine
etkisine yonelik smirli sayida ¢alisma bulunmaktadir. Ozellikle aga¢ ve agag
iirtinleri 6zelinde ise boyle bir ¢alisma bulunmamaktadir. Bu gergevede, bu calisma
ile literatiire katki saglanmis olacaktir.
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Some printing parameters affecting the screw withdrawal strength of
materials used in joints developed in 3D printers for furniture

Mesut Uysal'*

ABSTRACT: This study examined to benchmark the screw withdrawal strength (SWS) of
the 3D-printed PLA materials considering various infill patterns and ratios. SWS is one of the
critical material properties for furniture joints. For this purpose, dimensions of 10 x 50 x 50
mm specimens made of PLA+ were printed according to ASTM D 6117-18. Three infill
patterns (line, grid, and concentric) and four infill ratios (25%, 50%, 75%, and 100%) were
used as printing parameters to construct a complete 3 x 4 factorial experiment. According to
the results, line infill patterns had the highest density compared to the grid and concentric
patterns for all infill ratios. Concentric infill patterns with an infill ratio of 100% (108.41
MPa) had the greatest SWS. Grid infill patterns provided higher strength at the lower infill
ratios than line and concentric infill patterns. Here, diffusion for interfaces of strands affected
the SWSs of the 3D-printed materials. This study would provide insight into the 3D-printed
joints in the field of furniture mechanics.

Keywords: Polylactic acid, 3D printing, Furniture joint, Screw withdrawal strength

Mobilyalar i¢in 3B yazicilarda gelistirilen birlestirmelerde kullanilan
malzemenin vida tutma kapasitesini etkileyen bazi baski parametreleri

OZ: Bu ¢alisma, gesitli dolgu desenleri ve oranlar1 dikkate almarak 3D baski ile iiretilen PLA
malzemelerinin vida ¢gekme dayanimini (VCD) karsilastirilmasini incelemistir. VCD mobilya
birlestirmeleri i¢in 6nemli bir malzeme 6zelligidir. Bu amagla, ASTM D 6117-18 standardina
gore 10 x 50 x 50 mm boyutlarinda numuneler basilmistir. 3 x 4 faktorel deney icin Uretim
parametreleri olarak ii¢ dolgu deseni (¢izgi, 1zgara ve konsantrik) ve dort dolgu orani (%25,
%50, %75 ve %100) kullanilmistir. Calisma sonuglara gore, ¢izgi dolgu desenleri, tiim dolgu
oranlarinda 1zgara ve konsantrik desenlere kiyasla en yiiksek yogunluga sahip olmustur. %100
dolgu orania sahip konsantrik dolgu desen en yiiksek VCD’ na sahiptir (108,01 MPa). Diisiik
dolgu oranlarinda ise 1zgara dolgu desenleri, ¢izgi ve konsantrik dolgu desenlerine gore daha
yiiksek dayanim saglamistir. Burada, ipliklerin arayiizleri i¢in olusan difiizyon 3B baskilanan
malzemelerin VDC’lerini etkilemektedir. Bu ¢alisma, mobilya mekanigi alaninda 3B baski ile
uretilen birlestirmelere dair Ongoriiler sunacaktir.

Anahtar kelimeler: Polilaktik asit, 3B yazdirma, Mobilya birlestirme, Vida tutma kapasitesi
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1 Introduction

3D printing, also called additive manufacturing (AM), has brought recent opportunities to
produce parts/products with high precision in digital design manufacturing. Initially used for
rapid prototyping, it now encompasses various applications from aerospace to medical
devices. Manufactured parts/products are easy to operate and assemble in their final products.
Likewise, the popularity of 3D printing technology has evolved significantly in the
manufacture of plastic-based furniture joints in the furniture industry.

3D-printed joints for furniture have recently been interesting in examining their strength.
Aiman et al. (2020) developed a joint for modular furniture and stated that PETG provided a
higher strength joint than ABS, and the design geometry of the joint was effective on joint
strength. Nicolau et al. (2022) compared the strength of wooden mortise, tenon (MT) and 3D-
printed three-dimensional joints. MT joints had higher strength by 47% and 133% than 3D-
printed joints in tension and compression, respectively. Changes in joint design and raster
orientation in 3D printing were suggested for higher strength. Nicolau and Coseranu (2024)
changed the design of joints, and 3D-printed joint strength in tension was higher by 30% than
MT joints made of beech wood, but those of compression were lower by 23%. Development
of L- or T-shaped joint design in additive manufacturing via fused deposition modeling
(FDM) method may not provide intended strength because raster orientation for strands is
90°/90° in the transition from horizontal to the vertical stipe. Hajdarevic et al. (2023) showed
that failure occurred at the transition from vertical to horizontal stripe with discontinuities in
the layers. Therefore, a single-direction furniture joint with 0°/0° raster orientation (through
the length of the joint) and developing its self-locking system may provide sufficient strength.
Smardzewski et al. (2016) developed dual-conical joints for modular furniture. Demirel et al.
(2024) compared the strength of the 3D-printed dowel joints with different surface patterns
and found that joint strength with 3D-printed was not significantly different from that of wood
dowels. In order to increase joint strength with dowels, auxetic dowels for furniture joints
were developed and their experimental and numerical results were discussed (Kasal et al.,
2020, Kuskun et al., 2021 & Kasal et al., 2023). Newly developed invisible and self-locking
system joints were developed by Krzyaniak and Smardzewski (2019), Podskarbi and
Smardzewski (2019) and Krzyaniak et al. (2021). The studies mentioned above showed that
3D-printed joints could provide sufficient strength for the furniture. However, in some cases,
FDM method may not provide high-precision printing for models such as fine-threaded
fasteners. Hence, using metal fasteners for joint—to-joint and joint-to-member assembly could
be an intermediate method.

Feng et al. (2020) developed bistable joints and used connectors with short-treated bolts to
fasten joints and plastic pipe furniture elements. Even though material strength for 3D-printed
furniture joints has been investigated, such as tensile and bending properties, their screw
withdrawal strength (SWS) has not been investigated since screws play a critical role in self-
locking systems in furniture joints. However, it was discussed for wood plastic composite
materials (Haftkhani et al., 2011 & Ghanbari et al., 2014). In order to provide sufficient
strength in furniture joints, the properties of materials such as wood-plastic composites,
wood-based composites and solid wood come to the fore. The performance and quality of 3D-
printed parts are highly dependent on the optimization of several printing parameters. Layer
height or the thickness of each printed layer and width are crucial parameters in determining
the printed resolution of an object and surface finish. The higher layer thickness results in
lower material strength owing to the greater distance between the nozzle and deposited
material during extrusion, correspondingly, it causes lower pressure. Besides, greater layer
thickness reduces the cooling time of the material, so layers adhere inadequately to each other
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(Wang et al., 2020). Optimization of layer height involves balancing the desired resolution
with practical constraints such as print speed and material properties. While the layer height
can be assigned in the slicing of the 3D model, layer width is regarding to nozzle die and
diameters for material flow. Sharma et al. (2021) stated that nozzle dies with various shapes
(circular, rectangular, etc.) provide faster prototyping and printing of plant-based materials for
large-scale and complex products.

The infill ratio refers to the amount of material used inside the printed part. Higher infill
ratios increase the strength and durability of the part and increase material consumption and
print time. Lower infill ratios reduce material usage and printing time but may compromise
the structural integrity of the parts (Alvarez et al., 2016). The choice of infill ratio depends on
the application requirements and the desired balance between strength and material efficiency.
Bardiya et al. (2021) highlighted that the highest flexural strength was obtained for the
parameters of 0,3 mm layer thickness, 30° raster orientation, and 80% infill ratio while those
of tensile were 0.2 mm, 30°, and 80%, respectively. Evlen et al. (2019) stated that increasing
the infill ratio from 10% to 30% enhanced material strength by 38% while those of 30% to
50% were 32%. In a tensile test, the increase in the infill ratio from 15% to 50% and 50% to
100% were 18.53% and 59.80%, respectively. Those of ABS were 28.05% and 45.73% (Oz et
al., 2018). It can be said that an increase in the infill ratio does not result in a linearly
proportional increase in material strength. Infill ratio was the most particular parameter
compared to the infill pattern and nozzle temperature (Zurnaci, 2023). Kam et al. (2019)
examined the effects of the infill patterns on the tensile strength of the 3D-printed PETG and
concluded that the rectilinear pattern had the highest strength followed by triangular, grid, and
honeycomb.

Temperature control is vital in 3D printing affecting material flow and adhesion. Different
materials require different extrusion temperatures to achieve optimal performance. For
example, PLA typically prints at lower temperatures compared to ABS. Inconsistent
temperature can lead to issues such as warping, poor layer adhesion or stringing. On the other
hand, the material is almost liquid and partially thermally degraded if the nozzle temperature
is too high (Sin et al., 2013 & Re et al., 2014). If applicable, proper calibration of the hot end
and heated bed is essential for optimal print quality. Wang et al. (2020) stated that an increase
in temperature from 195 °C to 210 °C improved the material strength. Still, an increase in
temperature from 210 °C to 220 °C slightly changed them. However, there was a dramatic
reduction in elongation at the break because fragility was increased due to thermal
degradation. Similarly, Premphet et al. (2023) observed a dramatic decrease in compression
strength of 3D-printed PLA with an increase in the nozzle temperature from 215 °C to 235 °C.
In PLA, yield strength in the tensile test was the highest at the temperature of 215°C followed
by 210 °C and 190 °C, and the lowest at 200 °C. Aydin et al. (2019) observed that the tensile
strength of 3D-printed PLA was greater with the increase in temperature from 190 °C to 220
°C, but lower with the increase in printing speed from 30 mm/s to 70 mm/s.

The choice of material significantly impacts the final properties of the products. Common
materials include PLA, ABS, PETG, and more advanced composites. Each material has its
own set of printing parameters and characteristics such as melting temperature, flexibility, and
strength. The material selection should align with the desired mechanical properties and
functionality of the printed part. Kamer et al. (2021) observed that nozzle and bed
temperatures affected the flexural strength of 3D-printed ABS by 15% but did not
significantly affect the results. Besides, changes in bed temperatures did not significantly
affect the material strength of 3D-printed PLA. Still, a decrease in nozzle temperature
dramatically decreased its flexural strength due to low ductility/higher fragility. Filament
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color significantly affected the percent crystallinity of material due to ingredients in their
color pigment (Wang et al., 2020).

This study aims to investigate various infill patterns and ratios on the SWS of the 3D-
printed materials. In doing so, three infill patterns; namely, line, grid and concentric, and four
infill ratios (25%, 50%, 75% and 100%) were examined. In doing so, it would be provided an
insight the selection of infill ratio to reduce material cost and printing time, and infill pattern
to provide sufficient strength in the case of the use of screws in the furniture joint.

2 Material and Method
2.1 Material

In this study, PLA+ filament was used. PLA is the most preferable material in furniture
joints and bioplastic/biodegradable polymer to print in the FDM, a renewable resource
derived from corn sugar, potato, and sugar cane (Drumright et al., 2000). Some properties of
the filament used in the study are given in Table 1. A DIN 45 3.5 x 45 mm particleboard
screws were used.

Table 1. Some properties of the PLA+ filaments (URL — 1)

Tensile Flexural Flexural Heat Distortion

Density Strength  Strength  Modulus  Temperature Melt Flow Index
1.23 g/cm® 63 MPa 74 MPa 1973 MPa 53°C 5 (190 °C/2.16 kq)
2.2 Method

2.2.1 3D printing

All samples were modeled on AutoCAD 2025 with dimensions of 10 x 50 x 50 mm
according to ASTM D6117 18 (2016). Sample thickness was selected as 10 mm because
samples depart from the platform at 100% infill ratio due to thermal conductivity. The models
were sliced on Creality Slicer 4.8 software to establish printing parameters. Printing
parameters are given in Table 2. The infill ratios and patterns are given in Figure 1. All
samples were printed on a Creality Ender-3 V2 Neo 3D printer (Figure 2).

Table 2. Printing parameters used in slicing of the specimen

Parameters Description
Nozzle temperature 220 °C
Bed temperature 60 °C
Nozzle diameter 0.4 mm
Layer thickness 0.3 mm
Flow rate 100%
Printing speed 50 mm/min
Raster orientation 0°/Q°
Number of wall layers 2
Number of top/bottom layers 2
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Figure 2. 3D printing for specimens.
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2.2.2 Sample Preparation

All samples were drilled for a pilot hole with a diameter of 2.80 mm at the center of the
specimens (Figure 3a). Then, 3.5 x 45 mm screws were screwed until at least three teeth
protruded to ensure that the full-diameter of the screws was embedded in the pilot hole
(Figure 3b). This study examines three infill patterns and four infill ratios, correspondingly,
twelve sample groups. Five specimens were replicated in each sample group.

25 mm

25 mm

D2.8 mm 10 mm]:

25 mm 25 mm

(a) (b)
Figure 3. Pilot hole diameter and position (a) and configuration of drilled specimen (b)
2.2.3 Density

A total of five test specimens for each sample group with dimensions of 10 x 50 x 50 were
used to measure the density of the 3D-printed specimens. All specimens were weighed with a
0.01 gr precision scale. Its dimensions were measured with a 0.01 precision caliper. The
density (p, kg/m?) of the 3D-printed specimens was calculated by using Equation 1.

p=1 (1)

where, m is the weight of the specimen (kg), and V is the volume of the specimen (m?).
2.2.4  Screw withdrawal strength

All tests were conducted on the SHIMADZU universal test machine with a rate of 2.5
mm/min according to ASTM D6117 18 (2016) (Figure 4). All tests were continued until non-
recoverable failure occurred. Load-deformation curves were obtained, and the SWS (f, MPa)
of the specimens was calculated by using Equation 2.

f=gm (2)

dxlp

where, Fuit is the ultimate failure load (N), d is the screw diameter (mm), and |, is the depth
of penetration (mm).

Top jig =
Screw \
"

) "
Specimen ——

/

Figure 4. Screw withdrawal test configuration.
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2.2.5 Statistical analysis

Data collected for the presence of statistical significance among all sample groups through
two-way ANOVA and Tukey pair-wise comparisons were examined in SPSS (22, New York,
USA).

3 Results and Discussion
3.1. Density of 3D-printed materials

Results for densities of 3D printed specimens with various infill ratios and patterns were
given in Table 3. According to the results, an increase in infill ratios is expected to increase
the density of the specimens. The average densities of the specimens with the infill ratios of
25%, 50%, and 75% were approximately 39%, 60%, and 81% of those of 100%, respectively.
Besides, although the density of the PLA+ filament is 1230 kg/m?, the average densities of
specimens for all infill patterns with infill ratios of 100% were lower due to porosity in 3D
printing. The ratios between them were 93.07%, 92.31%, and 92.15% for the line, grid, and
concentric infill patterns, respectively. It can be said that infill patterns slightly changed the
porosity in 3D printing. Besides, Table 3 shows the Tukey-pairwise mean comparisons
considering infill patterns and ratios for densities. According to the results, average densities
of 3D-printed specimens with an infill ratio of 100% were not significantly different from
each other regardless of infill patterns. The same situation was valid for those of 75%.
Moreover, average densities were not significantly different in line and grid infill patterns
with an infill ratio of 25% and 50%. Here, needless to say that the densities did not change
depending on infill patterns in the case of printing with infill ratios of 75% and 100%.
Besides, it did not matter on densities with decreasing infill ratios which infill patterns were
used for line and grid.

Table 3. Sample statistics for densities of 3D-printed specimens (kg/m?)

Infill Patterns

Infill

. Line Grid Concentric
Ratios

Mean SD CoV Mean SD CoV Mean SD CoV

25%  452.90 (B) 3.40 0.75% 453.00 (B) 3.17 O(.)/ZO 425.98 (A) 2.31 0.54%
50%  697.35 (D) 3.26 0.47% 697.47 (D) 2.40 O(';’)“ 682.03 (C) 5.66 0.83%
75%  937.67 (E) 2.79 0.30% 929.56 (E) 5.46 O(;/‘f‘)g 930.97 (E) 10.04 1.08%
100%  1144.88 (F) 4.20 0.37% 1135.47 (F) 4.57 O(';)O 1133.46 (F) 11.10 0.98%

* SD: Standard deviation and CoV: Coefficient of variation
** |etters in parenthesis show that means significantly different from each other when letters are not same.

Table 4 shows the results of two-way ANOVA. According to the results, infill pattern,
infill ratio, and their interaction were significant in the density of 3D-printed specimens.
Besides, variations in infill patterns and ratios explained 100% of changes in the density of
the specimens.
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Table 4. ANOVA for densities of 3D-printed specimens

Source Sum of Squares df  Mean Square  F-value Sig.

Corrected Model 4056400.75 11 368763.70 11788.15 .000

Intercept 38565971.44 1 38565971.44 1232825.92  .000
Infill Pattern (A) 2414.86 2 1207.43 38.60 .000
Infill Ratio (B) 4052628.85 3 1350876.28  43183.02 .000
A*B 1357.04 6 226.17 7.23 .000
Error 1501.56 48 31.28

Total 42623873.75 60
Corrected Total 4057902.31 59

R-Squared = 1.000 (Adjusted R-Squared = 1.000)

3.2. Screw withdrawal strength of 3D-printed materials

Figure 5 gives the ultimate load capacity of 3D-printed PLA specimens and deformations
at ultimate load in the screw withdrawal test. According to the results, no matter which infill
pattern is used in the specimens, deformations at the ultimate load were scattered for the infill
ratios of 25%. This scattered pattern was observed for concentric infill patterns with an infill
ratio of 50%. It was evitable that the effective areas of the screw in the withdrawal test were
not dense but had a holding capacity. Hence, the specimens failed at the earlier load levels but
reached their ultimate load level at greater deformations. The grid infill patterns showed a
ladder effect with increases in the infill ratio which was more expected to be observed.
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Figure 5. Ultimate screw withdrawal load vs. deformation

Results for SWS of 3D-printed PLA specimens are given in Figure 6. According to the
results, the highest SWS (108.41 MPa) was obtained for the sample group of concentric infill
patterns with a 100% infill ratio followed by line (99.12 MPa) and grid (96.82MPa) infill
patterns. On the contrary, grid infill patterns with ratios of 25%, 50%, and 75% had higher
strength compared to those of line and concentric. In the infill ratios with 100%, the
difference between densities for each infill pattern is close to each other. However, the density
in the center of specimens for concentric infill patterns would be higher than those of line and
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grid due to the printing path. In the concentric infill patterns, the printing path was from
outside to inside, so printers extruded the strand in the shape of smaller squares through the
inner section, and these squares caused denser (or less porosity) in the inner part of specimens
owing to overlapping strands. On the other hand, grid infill patterns with an infill ratio of
100% had a higher porosity compared to others due to the meshing arrangement in the
patterns (Figure 1). On the other hand, this meshing arrangement provided higher SWS in the
infill ratios of 25%, 50%, and 75% than those of the line and grid. The dramatic increase in
material strength with an infill ratio of 100% was observed by 92% with an increase from
80% to 100% infill ratios (Wang et al., 2020).

Increases in withdrawal resistance of 3D-printed PLA with line infill pattern were
approximately twice for 25% to 50% and 50% to 75 % infill ratios while those of 75% to
100% were fifth times. In the case of grid patterns, these increases were about a third, one-
and-half, and one-and-three-quarter time, respectively. Those of concentric infill patterns
were one-and-half, fourth, and three-and-one-quarter time. Here, it can be said that the
increase in the infill ratios did not influence the SWS proportionally. As shown in Figure 1,
strands were printed in one (x) direction for line infill patterns, but those of grid and
concentric were in two (x and y) directions. In the lower infill ratios, screws were surrounded
by strands in the grid and concentric infill patterns, so their SWS were higher than the line
infill patterns. Similarly, grid infill patterns were higher in strength compared to those of
concentric because strands were printed in a meshing arrangement in grid infills, whereas
interfaces of the adjacent strands did not diffuse each other in the lower infill ratios. At the
higher infill ratios, the interfaces of the strands diffused vastly, so the SWS of the specimen
was dramatically increased. Therefore, the SWS of the specimens with grid infill ratios
linearly increased with the higher infill ratios. However, voids in 3D printing observationally
had a higher ratio for grid infill patterns compared to those of line and concentric with an
infill ratio of 100% (Figure 1). Also, grid infill patterns showed higher material strength
owing to linear structure compared to other infill patterns such as triangular and gyroid
(Ambati and Ambatipudi, 2022), honeycomb and gyroid (Birosz et al., 2022), and hexagonal
and triangular (Khalid et al., 2023) with infill patterns lower than 100%.
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Figure 6. Screw withdrawal strength of the 3D-printed specimens
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Moreover, Figure 6 also shows the Tukey-pairwise mean comparisons considering infill
patterns and ratios for the SWS. According to the results, the SWS of the 3D-printed
specimen with concentric infill patterns and an infill ratio of 100% were significantly
different from others. In addition, those of grid and line were not significantly different from
each other. The grid infill patterns were significantly different from those of line and
concentric in the 50% and 75% infill ratios. The results also indicated that the SWS of the
specimen with a grid infill pattern and an infill ratio of 50% was not significantly different
from those of concentric and 75%. Here, it can be said that grid infill patterns showed better
performance than line and concentric with lower infill ratios than 100%.

Table 5 shows variance analysis for SWS of the 3D-printed specimens. According to the
results, (i) infill pattern, (ii) infill ratio, and (iii) interaction of infill pattern and ratio were
significant on the SWS of the specimens. Besides, variations in infill patterns and ration
explained 99.4% of changes in the SWS of the specimens.

Table 5. ANOVA for screw withdrawal strength of the 3D-printed specimens

Source Sum of Squares df Mean Square F-Value Sig.
Corrected Model 89669.65 11 8151.79 928.41 .000
Intercept 94770.97 1 94770.97 10793.49 .000
Infill pattern (A) 2992.53 2 1496.27 170.41 .000
Infill ratio (B) 83122.85 3 27707.62 3155.63 .000
A*B 3554.26 6 592.38 67.47 .000
Error 421.46 48 8.78
Total 184862.07 60
Corrected Total 90091.11 59

R-Squared =.995 (Adjusted R-Squared = .994)

4  Conclusion

This study examined to benchmark the SWS of the 3D printed PLA materials considering
various infill patterns and ratios. Results showed that infill patterns and ratios significantly
affected the SWS of the 3D-printed PLA. According to the study results,

e Infill ratio was a more effective 3D-printing parameter than infill patterns
because it provided denser materials which were a significant variable for the
SWS of materials.

e In the lower infill ratios (i.e. 25% and 50%), grid infill patterns provided greater
strength compared to line and concentric infill patterns because of mesh
arrangement during 3D printing extrusion on the path. Therefore, grid infill
patterns should be used unless an infill ratio of 100% is preferred in 3D printing.

e The SWS of the specimens with the infill ratio of 100% was improved with
increases in density in the effective region of the screw during withdrawal. The
printing paths were getting closer to each other in the core of specimens because
the ratio of overlapped strands was increased. This phenomenon was observed
for the concentric infill patterns.

e The study will give an insight into the field of furniture strength design because
most of the studies have been related to determining flexural and tensile
properties of 3D-printed materials. Metal fasteners are commonly used in
furniture joints. Therefore, the results of this study come into prominence for 3D-
printed and screwed furniture joints.
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Termo-vakum islem gormiis saricamin boyutsal kararhili@imin incelenmesi
Hizir Volkan Gorgiin'* ¢, Oner Unsal*

OZ: Masif ahsabin 6zelliklerinin iyilestirilmesi icin, termo-islem uygulamas: gelistirilmistir.
Bununla birlikte basta mekanik olmak {izere bazi 6zelliklerin daha da iyilestirilmesi igin,
ozellikle farkli proses sartlarmin denendigi calismalar devam etmektedir. Bu calismada,
vakum ortaminda gergeklestirilen termo-islemin (termo-vakum veya Thermovuoto®),
boyutsal kararliliga etkileri arastirilmistir. Bu kapsamda, 180 °C'de 1 saat termo-vakum
uygulanan sarigam (Pinus sylvestris) drneklerinde, yogunluk, denge rutubet miktar1 (DRM)
degisimi ve anti daralma/genisleme etkisi (ASE) Ol¢iilmiistiir. Sonuglar TSE CEN/TS
15679°daki referans ¢izelgeler ve literatiir ile karsilastirilmigtir. Sonuglara gore; teget/radyal
calisma oraninda %20 azals tespit edilirken, 0.414 g/cm® yogunluk ile ‘ic mekan’, DRM
(6rnegin 20°C sicaklik, %65 bagil nem igin %5,76) ve ASE (%79.56) verileri agisindan ‘dis
mekan’ smifinda ¢ikarken, genislikteki maksimum degisim oranma (MDO) gore ‘smif dist’
cikmustir. Bununla birlikte genislikte daralma %30 azaldig1 i¢in MDO’ya gore de ‘i¢ mekan’
smifinda degerlendirilebilir. Ciinkii degerlendirmelerde bazi farkliliklar bulunmaktadir.
Ornegin standarttaki referans degerlerin geleneksel termo-islem igin belirlenmis olup,
literatiirdeki diger calismalarda da daralma degerlerinin islem gormemis malzeme
standartlarina gore degerlendirmeler yapilmistir. Ayrica DRM ve MDO’nun farkli sinifta
c¢ikmasida termo-vakum isleminin, geleneksel termo-isleme gore ahsabin farkli kimyasal
ozelliklerini degistirmesinin etkili oldugu diisiiniilmektedir.

Anahtar kelimeler: Cam, Daralma, Isil Islem, Modifikasyon, Stabilite.

Dimension stability of thermo-vacuum treated scots pine wood

ABSTRACT: Thermo-treatment application has been developed to improve the properties of
solid wood. However, studies are ongoing to further improve some properties, especially
mechanical, testing different process conditions. In this study, the effects of thermo-treatment
(thermo-vacuum or Thermovuoto®) carried out in vacuum environment on dimensional
stability were investigated. In this context, density, equilibrium moisture content (EMC)
changes and anti-shrinkage/swelling efficieny (ASE) were measured in Scots pine (Pinus
sylvestris) samples treated to thermo-vacuum at 180 °C for 1 hour. The results were compared
with the reference tables in TSE CEN/TS 15679 and the literature. According to the results;
while a 20% decrease was detected in the tangential/radial working ratio, with a density of
0.414 g/cm?, it was in the ‘outdoor’ class, according to EMC (e.g. 5.76% for 20°C
temperature, 65% relative humidity) and ASE (79.56%) data it was in the ‘indoor’ class, but it
was ‘out of class’ the maximum change rate in width (MCRW). However, since the shrinkage
in width has decreased by 30%, it can be evaluated in the ‘indoor’ class according to MCRW.
Because there are some differences in evaluations. For example, the reference values in the
standard were determined for traditional thermo-treatment, and in other studies in the
literature, shrinkage values were evaluated according to untreated material standards. In
addition, it was thought that the thermo-vacuum process changes the chemical properties of
the wood differently compared to traditional thermo-treatment and is effective in the different
classes of EMC and MCRW.

Keywords: Modification, Pine, Shrinkage, Stability, Thermo Treatment.
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1 Giris

Masif ahsap insanligin yararlandigi en eski malzemelerden biridir ve sahip oldugu bir¢ok
olumlu 6zelligi nedeniyle giinimiizde de kullanilmaya devam etmektedir. Bununla birlikte
diger mithendislik Uiriinii aga¢ malzemelerin (kontrplak, yonga-lif levha vb.) gelistirilmesi ve
rutubet aligverigine bagli boyut degisimi (galisma), ¢iirtiyebilme, yanabilme gibi bazi
dezavantajlart nedeniyle kullanimi azalmis olsa da, dogalligi nedeniyle hala tercih
edilmektedir. Bu nedenle arastirmacilar belirtilen bu dezavantajlarm en aza indirgenmesi
konusunda ¢ahismalar yiiriitmektedir. Emprenye ile boyutsal kararlilik (Oztiirk ve Atar, 2023)
ve biyolojik dayaniklilik (Mantanis ve ark., 2014) gibi 6zellikler iyilestirilse de, kimyasal
madde kullanimi son kullaniciyr dogalliktan uzaklastrma algisint olusturmaktadir. Bu
kapsamda gelistirilen ve sadece yiksek sicakliklardaki 1s1 (ve inert gaz kullanimi) ile
gerceklestirilen termal modifikasyon amagli 1s1l iglem (termo-islem) 6n plana ¢ikmaya
baslamistir. Ayrica termo-islem, insan ve c¢evreye karsi zararli kimyasallar ilave edilmeden
elde edilmeden uygulandigindan, emprenyeye iyi bir alternatif olarak degerlendirilmektedir
(Kose ve Temiz, 2013). Masif ahsapta dogal renk koyulugu, islenme gibi 6zelliklerinin
tyilesmesiyle birlikte, 6zellikle fiziksel (Aytin ve Korkut, 2016) ve dayaniklilik (Y1lgor ve
Kartal, 2010) 6zelliklerini de iyilestirmektedir. Islemin getirdigi ilave maliyete karsin fiziksel
ve estetik Ozelliklerdeki bu iyilesme nedeniyle dis mekan dekorasyonunda On plana
¢ikmaktadir. Bununla birlikte islemin masif ahsapta denge nemi diisiirmesine karsin, mekanik
ozelliklerini azaltmasi (Esteves, 2009) nedeniyle, yiike maruz kalacagi alanlarda daha az
tercih edildigi sdylenebilir.

Son yillarda modifikasyon amagl termo-islemin vakum (Kuru-kapali) ortaminda
uygulandigi termo-vakum (Thermovuoto®) yontemi gelistirilmistir. Bu yontemde %12
rutubetteki ahsabm sicakligi vakum altinda yavasga 200 ila 240 °C’ye (tlire gore siire ve
sicaklik degisebilir) ¢ikartilmaktadir (Masoumi ve Bond, 2024). Termo-vakum isleminde
sistemin acik veya kapali olmasina gore hiicrelerin kimyasal bilesimine etkileri ayni
olmadigindan, fiziksel 6zelliklerdeki degisim farkli olmaktadir (Juizo ve ark., 2018). Ac¢ik
sistemlerde firinda yer alan kerestelerdeki rutubet miktar1 %0’a indirilmekte ve %2 civarina
¢ikmasi i¢in buhar verilmekteyken, kapali sistemlerde siirekli olarak basing (veya vakum)
saglanirken, ayn1 zamanda devamli buhar da verilmektedir (Ghiassi ve Lourencgo, 2018). Hill
(2006)’e gore, kapali sistemlerde vakum sisteminin devamli ¢alismasi, hiicre duvarmdaki
polisakkaritlerin bozunmasinda hizlandirici etki yapan tiim ugucu bilesiklerin, siirekli olarak
firmdan uzaklastirilmasina neden olmaktadir. Bunun sonucunda ahsabin 6zelliklerinin, agik
sisteme gore daha istenen diizeyde olacagi sdylenebilir. Bu kapsamda yapilan bir ¢aliymada
(Bal, 2018) farkli sicakliklarda (180, 200 ve 220 °C) 2.5 saat suren termo-islem yonteminin
vakum, nitrojen ve hava atmosferlerinde karacam odunundaki degisim farklarini incelemistir.
Her sicaklik kademesinde de yogunlukla ilgili istatistiksel olarak anlamli bir farklilik
bulunmazken, kiitle kaybinda farkli sonuclar elde edilmistir. Ozellikle hava atmosferinde
yapilan termo-islemde kiitle kayb1 en fazlayken, vakum ve nitrojen ortaminda yapilan islemler
arasinda anlamli bir farklilik ¢ikmadig: tespit edilmistir. Bal ve Kilavuz (2021) tarafindan
kavak (Populus spp.) 6rneklerinde yapilan ¢alismada, 210 °C sicaklik ve 3 saat boyunca farkli
vakum miktarlarinda uygulanan termo-vakum islemi sonucunda, denge rutubet miktarlarinda
ve genisleme miktarlarinda azalis tespit edilmistir. Bununla birlikte fiziksel 6zelliklerdeki bu
azalisin, vakum miktarinin artmasiyla azaldigi da belirtilmistir. Bir baska ¢alismada (Jebrane
ve ark., 2018), 212 °C sicaklik ve 3 saat geleneksel ve vakumlu termo-iglem goren sarigcam ve
ladin 6rneklerinin 6zellikleri karsilastirilmistir. Elde edilen sonuglara gore her iki yontemde
de kiitle kayiplarinin ve denge nemi azaliglarmim benzer oldugu, hemiseliiloz monomerlerinin
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her iki yontemde de gozlemlenmesine karsin yine ayni sekilde kimyasal kompozisyonlari ve
dayanikliliklarinin da benzer oldugu tespit edilmistir.

Bu c¢alismanm amaci, vakum esasl termo (termo-vakum) islem uygulamasmin, saricam
odunun boyutsal kararliligina etkisinin incelenmesidir. Bunun igin islem gormiis sarigamin
calisma, denge nemi ve yogunluk gibi bazi fiziksel Ozellikleri, standartlardaki referans
degerler ve literatiir sonuglar1 1s1ginda degerlendirilmistir. BOylece endistride ham ve
geleneksel termo-islemli olarak sik¢a kullanilan sarigam Orneklerinde, termo-vakum
yonteminin boyutsal kararlilik 6zelinde etki farklilig1 ortaya konulmaya ¢aligilmustur.

2 Materyal ve Metot
2.1 Materyal

Sarigam (Pinus sylvestris) &rnekleri ticari olarak temin edilmistir. Ornekler kereste
ebatlarindayken, endiistriyel amag¢h kullanilan bir firmnda termo-vakum islem uygulanmistir.
Bu islem sirasinda 1s1 temas yoluyla saglanmig olup, drneklere 180 °C sicaklikta 1 saat
boyunca -760mmHg vakum uygulanmistir. Ardindan islem yeterliligi CEN/TS 15679 (2007)
standardindaki bazi kriterlere gore test edilmistir.

2.2 Metot

Islem gormiis (T) ve gormemis (U) drneklerin boyutsal kararlihigi ise CEN/TS 15679
(2007) ve EN 1910 (2016) standartlarina gore testler yapilarak karsilastirilmistir. Bunun igin
iki 6rnek grubu; kiiglik ve kusur igermeyen 2x2x3 cm ebatlarinda (K grubu) ve kusur (bal
petegi, 6z, budak, catlak vb.) icerebilen 10x85x250mm ebatlarinda (EN 1910 (2016) standard1
geregi) (B grubu) hazirlanmigtir. Ebatlanan tiim Ornekler standartlarda istenen farkli
kosullarda tutulmus, agirlik ve hacimleri her kosulda dlgiilerek kaydedilmistir. Orneklerin
denge rutubet miktarlar1 (DRM), EN 13183-1 standard1 referans alinarak kurutma metoduna
gore Olgiilmiistiir.

DRM = 100===4 (1)

d

Ornekler, uygulanan farkli kosullarda ulastig1 denge durumundaki agirliklar1 (ms, g) ve 103
°C 'de tam kuru hale geldikten sonraki agirliklar1 (md, gr) kullanilarak asagidaki formiile gore
DRM’leri (%) hesaplanmistir. K grubu 6rneklerin DRM’leri, standartta (CEN/TS 15679,
2007) yer alan degerlerle, B grubu 6rneklerin %30 ile %85 bagil nemler arasinda genislikteki
degisimleri ise Cizelge 1’de yer alan EN 1910 (2016) standardindaki referans degerlerle
karsilastirilmistir.

Cizelge 1. %30 ve %85 bagil nem (20°C) aras1 genislikteki maksimum degisim oranlar1 (EN

1910, 2016)
Maksimum Degisim Orani
Cam — Termo-islem gérmiis — Ic mekan 0.9% - 1.1%
Cam — Termo-iglem gérmiis — D1s mekan 0.8% - 1.0%
d,, = 100 22024 (2)
ASE = dcry, / dery 3

B grubu orneklerin ayn1 zamanda bu kosullardaki 6lgiileri kaydedilerek, kiimiilatif bagil
boyutsal degisimi (der, %) ve anti daralma/genisleme etkisi (ASE — bu calismada daralma)
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degerleri de EN 1910 (2016) standardina gore hesaplanmistir. ASE degerleri modifikasyon
amagli termo-islemde 6ne ¢ikan boyutsal kararlilik etkisinin tespiti igin énemli bir gosterge
olup, sirastyla islem gérmemis ve gormiis Orneklerin kiimiilatif bagil boyutsal degisimi (dcru
ve dcrr, %) degerleri kullanilarak, asagidaki esitliklere gore hesaplanmustir. der
hesaplamasinda %30 bagil nemdeki 6lgii (Dg, mm), %65 bagil nemdeki 6l¢ii (Di, mm) ve
%85 bagil nemdeki 6l¢ii (Dn, mm) kullanilmis olup, nemli kosul i¢in 20 °C’de %85 bagil nem
uygulandigi i¢in (standarttaki H2 kosulu), h degeri 18 alinmustur.

Dyg=my [V, (4)
DDR = [(Dgy / Dar) X 100] / Dgy (5)

Termo-islem yeterliligi standardindaki (CEN/TS 15679, 2007) referans degerleriyle
(Cizelge 2) karsilastirmak icin, K grubu orneklerde yogunluk azalisi degerleri de tespit
edilmistir. Bunun icin tam kuru yogunluk degerleri (Dg, g/cm?®), tam kuru hacim (Vg, cm®) ve
tam kuru agirliklar (mg, g) kullanilarak asagidaki esitlige gore hesaplanmistir. Ayn1 zamanda
yogunluktaki azalis oran1 (DDR, %), islem gdrmiis (Dgr, g/cm®) ve gérmemis (Dau, g/cm®)
orneklerin tam kuru yogunluklar1 oranlanarak bulunmustur.

Cizelge 2. Islem 6ncesi ve sonrasi ortalama yogunluk azalis1 referans degerleri (CEN/TS
15679, 2007)

Ortalama yogunluk azahsi

Cam — Termo-islem gdrmiis — I¢ mekan -5% - 7%

Cam — Termo-islem gormiis — D1g mekan -8% - 10%
Br = (RO; — KO7) X 100/ RO, (6)
Br = (RO; — KOg) x 100/ ROg (7

Son olarak, teget — radyal ¢alisma farkindan kaynakli olarak, mevcut enine kesitteki
formunu (kare, dikdortgen vb.) koruma durumuyla ilgili bir oran olan, teget yondeki
daralmanin (BT), radyal daralmaya (PR) orami hesaplanarak, termo-islemin etkisi de
incelenmistir. Hesaplamalarda, hem teget hem de radyal yondeki %95 rutubetteki Olgiiler
(ROt, mm ve ROg, mm), tam kuru élciiler (KOt, mm ve KOg, mm) ile oranlanmustr.

3  Bulgular ve Tartisma

Yapilan tam kuru yogunluk Slgiimleri sonucunda kontrol drneklerinin yogunlugu 0.443
g/cm®, islem gormiis drneklerin yogunlugu ise 0.414 g/cm® ¢ikmustir. Ortalamalar arasmdaki
fark az gorunmesine karsin, degisim orani -%6.75tir ve bu oran CEN/TS 15679 (2007)
standardina gore i¢ mekan i¢in termo-islem gérmiis gam sinifinda yer almaktadir.

Biiyiik orneklerde yapilan genislikteki maksimum degisim oranlari, kontrol drneklerinde
%1.82, islem gormiis 6rneklerde ise %1.21 olarak tespit edilmistir. Ortalamalar bakimindan
onemli bir azalis olmasma karsim, islem gormiis 6rneklerdeki %1.21 orani, CEN/TS 15679
(2007) standardmnm i¢ mek&n kullanimi igin referans aliman %0.9 - %]1.1 araligindan yuksek
cikmistir. Bu durumda genislik stabilitesi acisindan, yeterli 1s1l islem kosullarinin
saglanmadig1 sOylenebilir. Bununla birlikte standartlarda orneklerin genislik yoniinde teget
veya radyal olmasiyla ilgili bir ayrim bulunmamaktadir. Oranin iist sinir degere yakin olmasi
(%1,21 > %1,10) ve kontrol drnegine gore %33 gibi 6nemli bir azalis olmas1 da dikkate
alindiginda, i¢ mekan kullanimi i¢in olumlu degerlendirme yapilabilir.
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Islem gdrmiis ve gdrmemis 6rneklerin farkli denge nemlerine birakildiktan sonra ulagtiklar:
DRM’ler Cizelge 3’te gosterilmistir.

Cizelge 3. (CEN/TS 15679, 2007) standardindaki Kuzey Cami (Scots pine) i¢in ve bu
caligmadaki 6rneklerin farkl bagil nemlerdeki (20 °C) denge rutubet miktarlari

Bagil Nem = %30 %65 %95
Cam — Islem gérmemis %7 - 9% %12 - %14 %22 - %24
Bu ¢alisma — Islem gormemis %6.52 %11.73 %23.98
Cam — Termo-islem gormiis — I¢ mekan %5 - %6 %7 - %8 %14 - %16
Cam — Termo-iglem gérmiis — D1s mekan %4 - %5 %06 - %7 %12 - %13
Bu ¢alisma — Termo-islem goérmiis %2.87 %5.76 %9.66

Cizelgede goriildiigii tizere bu ¢alismada kullanilan kontrol 6rneklerinin referans degerlerle
benzer ¢ikmasi, dl¢iimlerin dogrulugunu gostermektedir. Islem gérmiis drneklerin degerlerine
bakildiginda ise; her ii¢ bagil nem kademesinde de dis mekan igin DRM’lerden de diisiik
oldugu goriilmektedir. %65 bagil nemdeki DRM’ler karsilastirildiginda; hem kontrol (%11.73
< %12.00) hem de islem gormiis 6rneklerde (%5.76 < %6.00) standarda gore diisiik ciktigi
tespit edilmistir. Literatiirle karsilastirildiginda; 180 °C — 1.5 saat islem goren ve yine
yumusak aga¢ grubunda olan goknarda %11.0, melezde (lareks) %8.3, ladinde %11.3 (Ferrari
ve ark., 2013), bir bagka calismada ise (Giudice ve ark., 2023) 200 °C — 3 saat igslem goren
melezde %7.9 gibi daha yliksek DRM’ler tespit edilmistir.

Anti daralma/genisleme etkisi (ASE), islem gormiis malzemenin spesifik daralma veya
genigsleme oranmin bagil azalisi olarak tanimlanabilir. Termo-islem yeterliligi ile ilgili
standartta (CEN/TS 15679, 2007) tanimi1 ve nasil dlgiilecegi belirtilmesine karsin, digerlerinde
oldugu gibi karsilastirma icin referans deger belirtilmemistir. Bu nedenle bu calismada 1.5
olarak elde edilen ASE degeri literatiirle karsilastrilmistir. Bununla birlikte literatlirdeki
hesaplamalar hacimsel daralma orani tizerinden yapildig i¢in, Cizelge 4’te gosterilmistir.

Cizelge 4. ASE Degerlerinin Literatiirle Karsilastirilmasi*

Cahsma Agac Tiirii Yontem ASE Oram
(%)
TV, 180 °C -
Bu ¢alisma Sarigam 1saat 79.56
YanveMorrell 1 | las goknan dzodunu TT, 180 °C -2saat  ~%19
(2014)
Masoumi ve Lale, Kirmizi Mese, Disbudak, TV, Ortalama (Sirasiyla)
Bond, (2024) Akgaagag, Hickory, Visne 205 °C 41.6, 40.9, 65.6
23.5,34.2,51.2
Surini ve ark. . TV,
Sahil Camu 25 - 60
(2012) ¢ 230 °C — 4 sat

*H: Hacimsel, S: Standart, TT: Mevcut yontemle termo-igslem, TV: Termo-vakum islemi

ASE oranlarmin yiiksek ¢ikmasi, kuru-agik termo-vakum yonteminden kaynaklandigi
sOylenebilir. Ciinkli bu sistemde devamli olarak islem sirasinda hiicre duvari kalintilar
uzaklastirilmakta ve liimen i¢i veya hiicre duvarlarinda birikmemektedir. Bunun sonucunda
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Masoumi ve Bond’un (2024) belirttigi gibi, hiicre duvar1 kalmliginda azalma neticesinde
olusan yogunluk azalisina paralel olarak, daralma oranlarinda da azalis meydana geldigi
soylenebilir. Islem gdrmiis ve gdrmemis rneklerin teget ve radyal daralma oranlar1 Cizelge
5’te karsilagtirilmagtir.

Cizelge 5. Islem gérme durumuna gore ortaya ¢ikan teget/radyal daralma oranlar

Islem Teget / Radyal Daralma Oram
Islem Gormemis (U) 1.69
Islem Goérmiis (T) 1.40
Azalma orani1 (%) %20

Cizelgede goriildiigii tizere uygulanan islem, teget ve radyal daralma oranini azaltmaktadir.
Teget ve radyal arasindaki ¢alisma orani (T/R), malzemenin stabilitesini gosteren teorik bir
degerdir. Genel olarak 2 oranindadir ve 1 ila 3 arasinda agag tiirline gore degismektedir.
Genel olarak, daralmadaki T/R oram arasindaki fark ne kadar biiyiik olursa, burulma riski de
o kadar biiylik olur ve 2’den az olmas1 ahsabin daha stabil oldugunun bir gdstergesidir (Basri
ve ark., 2015). Bununla birlikte reaksiyon odunu ve modifikasyon yéntemleri gibi etmenlerle
bu oran degisebilir. Ornegin normal bir aga¢ icin genellikle 1.6 — 2.1 arasinda degisen bu
oran, dev sekoyanmn (Sequoia gigantea (Lindl.) Decne.) basing odununda 1 olarak tespit
edilmistir (Cockrell, 1974). Okaliptiis tiirlerinde termo-islemle ilgili yapilan bir ¢aligmada
(Almeida ve ark., 2009), islemin T/R oranin azalttig1 tespit edilmistir.

Birden fazla kontrol deneyi yapilmasi nedeniyle, yapilan islemin standarda gore (CEN/TS
15679, 2007) hangi sinifta degerlendirilebileceginin tespit edilebilmesi agisindan, elde edilen
smif sonuglar1 topluca Cizelge 6’da verilmistir.

Cizelge 6. Standarda goére (CEN/TS 15679, 2007) islemin genel yeterlilik ¢izelgesi

Kontrol Deneyi Orneklerin Simifi
Yogunluk azaligi Cam — Termo-islem gdrmiis — I¢ mekan
Denge Rutubet miktar1 Cam — Termo-islem goérmiis — D1s mekan

Genislikteki maksimum degisim oran1 ~ Sinif Dis1

Elde edilen sonucglara goére, bu ¢alismada uygulanan termo-vakum isleminin i¢ mekan
kullanirmma uygun oldugu sodylenebilir. Genislikteki maksimum degisim oram1 degerler
acisindan ‘Smif Dis1’ olarak tespit edilse de, daha dnce de bahsedildigi gibi, standartta Sl¢tim
yapilan Orneklerin teget veya radyal olmasinin belirtilmemesinin etkili oldugu
diistiniilmektedir. Ciinkii kontrol drneklerine gére %33 gibi dnemli bir diisiis olmas1 da sz
konusudur. Burada esas dikkat edilmesi gereken husus, DRM’nin dig mekan yani en iyi
kategoride yer almasma karsin, ¢aliymaya bagl degisimin referans degerler agisindan ‘Smif
Dist’ olarak ¢ikmasidir. Sonuglardaki bu farkliliga iki faktoriin etkili oldugu diisiiniilmektedir.
Ornegin degerlendirme igin referans alnan standartta, geleneksel termo-islemle ilgili
parametrelerin kullanilmasi s6z konusudur. Ayrica termo-vakum isleminin ahgsaba etki
mekanizmasindaki farkliligi da s6z konusudur. DRM’nin dig mekan smifinda ¢ikmasi,
ortamdan nem alma kapasitesini etkileyecek bilesiklerin azaldigmin bir gostergesi olabilir.
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Buna karsin ¢alismanin ‘Smif Dis1” ¢ikmasina, malzemede ¢aligmaya etki eden ana kimyasal
bilesiklerden, ¢cok daha fazla nem baglamasini1 saglayan yapilarin agiga ¢iktig1 ve/veya
engelleyen yapilarin ayrilmasi nedeniyle kolaylastigi seklinde yorumlanabilir. Ancak daha
somut ve ayrintili bir degerlendirme ve ¢ikarim yapilmasi i¢in, kimyasal incelemelerin de
yapilmasi gereklidir.

4 Sonuglar ve Oneriler

Bu calisma kapsaminda, mevcut termo-islem yonteminde boyutsal stabilite i¢in tercih
edilen 180 °C’de, ancak vakum ortamimnda uygulanan termo-vakum isleminin, sarigamin
boyutsal kararliligma etkisi incelenmistir. Elde edilen sonuglarin kendi icerisinde, referans
aliman CEN/TS 15679 (2007) standarda ve literatiirdeki sonuglara gore farkliliklar oldugu
tespit edilmistir. Bu farkliliga neden olan faktorlerin su sekilde oldugu diistiniilmektedir:

e Literatiirdeki bazi ¢alismalarda termo-islemli malzeme degerlendirilmesine karsin,
metodoloji ve degerlendirme igin bahsedilen termo-islem standardi yerine, genel amagl
daralma-genisleme tayini standartlar1 (TS 4083, 1983; TS ISO 13063-13, 2024 gibi)
kullanilmistir. Standartlar arasinda farkliliklar oldugundan, sonuglarin da literatlirden
farkli ¢iktig1 soylenebilir.

e Termo-islem uygulamalar1 i¢in kontrol mekanizmasi olusturan standartta (CEN/TS
15679, 2007) degerlendirme i¢in referans degerler bulunmaktadir. Ancak bu degerler
hava, buhar veya nitrojen atmosferlerinde veya 1sitilmis yag banyosunda uygulanan
geleneksel termo-islem yontemine gére belirlenmistir. Bu ¢alismada uygulanan termo-
vakum igsleminde ise vakum ortami olusturulmasi, temasla 1s1 transferinin ger¢eklesmesi
gibi proses olarak bazi farkliliklar barindirmaktadir. Bu nedenle referans degerleriyle
uyumsuzluk olustugu diistiniilmektedir.

e Diger faktorlere oranla, 0zellikle proses sartlarinin ve bunlarin Kimyasal icerikteki
degisime etkilerinin farkli olmasinin daha etkili oldugu diisiiniilmektedir.. Bu ¢calismada
0zellikle DRM ve genislikteki maksimum degisim oraninin farkli ¢ikmasi bunun énemli
bir gostergesidir. Prosesin, geleneksel termo-isleme gore ahsabin kimyasal yapisini
farkli bir sekilde etkilemesinden kaynaklandigi sOylenebilir. Daha somut ve ayrintili
degerlendirmeler i¢in kimyasal analiz yapilmasi dnerilmektedir.
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Ahsap ve ahsap esash levhalara uygulanan boyalarin yanmada 151k
yogunluguna etkisi
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OZ: Bu calisma, gesitli ortiicii ahsap boyalarin aga¢c malzeme ve levhalarda yanmada 1sik
yogunluguna etkilerini belirlemek amaci ile yapilmistir. Bu maksatla Dogu kaymi (Fagus
orientalis L.), sarigcam (Pinus silvestris L.), sapsiz mese (Quercus petraea L.) orta yogunlukta
lif levha (MDF) ve yonga levhadan hazirlanan, 6rnekler akrilik, sentetik ve seliilozik boya ile
ASTM D 3023’e gore boyanmustir. Orneklerin yanmada 1sik yogunluklart ASTM E 160-50
esaslarina gore belirlenmistir. Isik yogunlugu; malzeme tiriine gore en yiiksek Dogu
kaymninda, en diisiik yonga levhada, boya ¢esidine gore en yiksek akrilik boyada, en diisiik
sentetik boyada belirlenmistir. Isik yogunlugu; kendi kendine yanmada malzeme tiirine gore
en yuksek yonga levhada (865.3 lix), en diisiikk sarigamda (839.5 liix), malzeme tirQ, boya
cesidi ve kat sayisi etkilesimine gore en yiksek YL+Ab+I’de (888.2 lix), en diisiik
S¢+Sb+II’de (776.4 Iix) belirlenmistir. Buna gore, arastirmaya konu malzemelerin
dekorasyonda kullanilmasi diisiiniildiiglinde, yonga levhadan yapilmis ve akrilik boya ile
boyanmis malzemelerin yanginda dumandan bogulma tehlikesine karsi en uygun ve en az
riskli olacagi belirlenmistir. Bu durumun, yangin riski olan ortamlarda burada bulunan
bulgular1 g6z 6niinde bulundurarak uygulanmasinin can giivenligi agisindan faydali olacagi
diistiniilebilir.

Anahtar kelimeler: Isik yogunlugu, aga¢ malzeme, levhalar, ortiicii boya, kat sayisi

Effect of paints applied to wood and wood-based boards on light intensity

in combustion

ABSTRACT: This study was carried out to determine the effects of various covering wood
paints on light intensity during combustion in wood materials and panels. For this purpose,
samples prepared from Oriental beech (Fagus oriantalis L.), Scots pine (Pinus silvestris L.),
sessile oak (Quercus petraea L.), medium density fiberboard (MDF) and particleboard were
painted with acrylic, synthetic and cellulosic paint according to ASTM D 3023. Light
intensities of the samples during combustion were determined according to ASTM E 160-50.
Light intensity was determined to be highest in Oriental beech, lowest in particleboard, and
highest in acrylic paint, lowest in synthetic paint, according to the type of paint. Light
intensity was determined as; According to the type of material, the highest spontaneous
combustion was determined as particle board (865.3 liix), the lowest as Scots pine (839.5 llix
), and according to the interaction of material type, paint type and number of layers, the
highest as YL+Ab+I (888.2 lix), the lowest as S¢+Sb+I1 (776.4 10x). Accordingly, when the
materials subject to the research are considered to be used in decoration, it is determined that
the materials made of particleboard and painted with acrylic paint will be the most suitable
and least risky against the danger of suffocation from smoke in fire. It can be considered that
the application of this situation in environments with fire risk, taking into account the findings
found here, will be beneficial in terms of life safety.

Key words: Light intensity, wood material, panels, covering paint, number of layer
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1. Giris

Agac malzeme insanoglunun kullandigi en Onemli dogal hammadde kaynaklarindan
birisidir. Yenilenebilir bir kaynak olarak agaca bu 6nemli yeri kazandiran husus, ¢ok yaygin
bir sekilde bulunmasi, sahip oldugu sertlik, mukavemet, elastikiyet, gosterdigi direncine gore
hafiflik gibi 6zellikleri yaninda sekil verilebilmesi, baz1 6zelliklerinin iyilestirilebilmesi, ¢ivi,
vida tutma 6zellikleri ve yapistirilabilme gibi nitelikleri sayilabilir (Bozkurt ve Goker, 1996).

Giiniimiizde aga¢ malzemenin 10.000 civarmda kullanim yeri vardirr (Ors ve Keskin,
2001). Bu kadar fazla kullanim alani olmasinin nedeni; anatomik yapisi, fiziksel ve mekanik
ozellikleri ile kimyasal bilesenlerinden kaynaklanmaktadir (Bozkurt ve Erdin, 1997: 372).

Endiistriyel gelisim ve degisimin yasandigi giinlimiizde, hammadde kaynaklarinin kithgi;
endiistri kollarinda alternatif Griin temin etme ¢alismalarina yoneltmistir. Aga¢ malzemenin
kullanim alanlarinin artmasi ile alternatif iirlin arayislarina gidilmis ve odun esashi levha
driinleri gelistirilmistir. Gelistirilen bu iirlinler yap1 ve kullanim alanlar1 olarak masif aga¢
malzemelere oldukc¢a yakmdir (Eroglu ve Usta, 2000).

Tum ligno selillozik materyaller, yanici 6zelliklere sahip olmalari nedeniyle tutusma
sicakhigina ulastiklarinda ve yanma igin gereken ortami bulduklarinda kolaylikla yanabilir,
direng Ozelliklerini kaybedebilmektedir. Bu amacla; malzemenin yanma karakteristiklerine
etki edip dayanimlarini artirmak igin ¢esitli yanmay1 geciktirici kimyasal maddelerle muamele
edilerek gii¢clendirilmesi yoniinde ¢aligmalar yapilmaktadir (Ellis ve Rowell, 1984: 346, 349;
Gu, Zhang, Dong, Zhang ve Kong, 2007: 201).

Ahsap ve ahsap esasli iiriinlerin, yaklasik olarak tamamina yakini yanici olup karbon ve
hidrojenden olusmaktadir (Chin-Mu ve Wang, 1991).

Yangin riskinin gerceklestigi zaman, yapida bulunan maddelerin miktarina, tiiriine ve
yapmin havalandirma kosullarma bagl olarak bir duman tabakasi olusmaktadir. Dakikalar
ilerledik¢e duman tabakasi1 yapmin yarisini kaplar ve yangin yoniindeki hava akisina karisir.
Bu noktaya gelindigi takdirde kagis kosullar1 ve yangmi sondiirme calismalari
guclesmektedir. Olusan duman tabakasi, goriis alanini kisitlamasinin yani sira zehirlenmelere
de neden olabilmektedir. Ger¢ekte yanginlarda ortaya ¢ikan can kayiplarinin %75°1 dumandan
zehirlenmeler ve bogulmalar sonucunda olmaktadir. Bu goz Oniine alindiginda yapilarda
duman kontroliinlin saglanmasi, oncelikle can kayiplarinin 6niine gegilmesi i¢in zorunludur
(Kars, 1999).

Aga¢ malzemenin istenilmeyen sakincali 6zelliklerini iyilestirici metotlar gelistirilmistir.
Bu maksatla uygulanan teknik islemlerin en onemlileri kurutma, emprenye ve st yizey
islemleridir. (Uysal, 1997).

Odunsu malzemelerde yanma, tutugsma kabiliyeti, rengi, yogunlugu, kokusu ve basing
direncine kars1 dayaniklilig1 ekstraktif madde miktarina bagl olarak degismektedir. Odunda
ekstraktif madde miktar1 azaldik¢a yanma kabiliyeti de azalmaktadir. Lignin ve inorganik
madde (kiil) oranindaki artis yanma direncini azaltmaktadir (Peker ve Atilgan, 2015).

Kontrplak, yonga levha ve lif levha (MDF) malzemeler iizerine fircalama teknigi
kullanilarak 1, 2 ve 3 kat yangin geciktirici 6zellige sahip klorlu kauguk boya surtilip yanma
deneyi yapilmigtir. Sonug¢ olarak, U¢ kat boya uygulanan yonga levhada yanma direnci en
fazla goriilirken bir kat boya uygulanan MDF’nin yanmaya kars1 en az direng gosterdigi
goriilmiistiir (Lee, 1989).
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Tanalith-E ve Wolmanit-CB ile emprenye edilmis kestane (Castanea sativa Mill.)
odunlarina su bazli ve sentetik vernik uygulandiktan sonra bir yil dis hava sartlarinda
bekletmislerdir. Deney orneklerin yanma 6zelliklerinde CO2 miktar1 (ppm) yanma gesidi
bakimindan en ylksek kendi kendine yanmada (19,18), en diisiik kor hali yanmada (10,89),
vernik ¢esidi bakimindan en yiiksek sentetik vernikte kendi kendine yanmada (19,82) en
diisiik su bazli vernikte alev kaynakli yanmada (8,66) bulundugu bildirilmistir (Fidan vd.,
2016).

Ahsap malzemenin istiin 6zellikleri yaninda yanma, rutubet etkisiyle ¢aligma, bocek ve
mantar tarafindan tahrip edilmesi gibi mahsurlu yonleri bulunmaktadir. Bu yonlerini
tyilestirmek i¢in boyama gibi iist yiizey, stabilite gibi emprenye ve kurutma gibi ¢caligmay1
azaltici islemler yapilmaktadir. Bu islemlerin yanma 0zelliklerine etkileri gilinlimiizde
kullanom alanlarinda yanginda insan can ve mal ehemmiyeti bakimindan 6nemli
bulunmaktadir (Atar, 2008).

Kontrplak, OSB ve MDF’nin yanma dayanimlari ile ilgili yapilan ¢alismada, kimyasal
madde olarak boraks, potasyum karbonat, wolmanit CB kullanilmis ve yanma tehlikesi olan
yerlerde diger levha iriinlerine kiyasla MDF’ nin kullanilmas1 gerektigi, yanmaya en
dayanikli levhanm ise MDF oldugunu bulunmustur (Aslan ve Ozkaya, 2004).

Tanalith-E ve Wolmanit-CB ile emprenye edilen sarigam (Pinus sylvestris Lipsky), sapsiz
mese (Quercus petraea Liebl.) ve Dogu kaymi (Fagus orientalis Lipsky) odunlar1 sentetik ve
su bazli vernik ile kaplandiktan sonra yanma testleri yapilmistir. Orneklerde CO2 miktar1
(ppm) yanma c¢esidi bakimindan en yiiksek kendi kendine yanmada (16.4), en diisiik kendi
kendine yanmada (1.4), sentetik vernikte en ylksek kendi kendine yanmada (17.5) en diisiik
su bazli vernikte alev kaynakli yanmada (5.4) oldugu tespit edilmistir (Yasar ve Atar, 2017).

Sapsiz mese (Quercus sessiliflora Salisb.)’de Oksalik asit (C2H204), Sodyum hidroksit
(NaOH), Hidrojen peroksit (H202), Amonyak (NH3) ve Hidroklorik asit (HCI) ile renk agma
isleminin CO2 miktar1 (ppm), yanma ¢esidi bakimindan en ylksek kendi kendine yanmada
(6.5), en diisiik alev kaynakli yanmada (5.1) bulunmustur (Ozgifci, 2001).

Bu ¢alismanin amaci, ahsabin kullanim yerinde olusabilecek yangin riskini azaltmak,
bogulma riskini engellemek veya en aza indirgemektir. Elde edilen sonuglarin, yangimn riski
bulunan mekanlarda dikkate alinmasi can emniyeti bakimindan avantaj saglayacagi
sOylenebilir ve ¢galismanin literatiire katki saglayacagi diisiintilmektedir.

2. Materyal ve Metot
2.1. Aga¢ malzeme

Caligmada agag tiirii olarak, sarigam (Pinus sylvestris L.), Dogu kaymi (Fagus orientalis
L.), sapsiz mese (Quercus petraea L.), levha ¢esidi olarak orta yogunlukta lif levha (MDF) ve
yonga levha deney materyali olarak kullanilmistir.

2.2. Ortiicii boyalar
Orneklerin boyanmasinda akrilik, sentetik ve seliilozik boya kullanilmustir.
2.2.1. Akrilik boya

Akrilik boya, piirtizlii ve piiriizsliz ylizeylere uygulanabilen, su bazli bir boya ¢esididir.
Cok yogun kokusunun olmamasi nedeniyle ¢abuk kurumasi, sabunlu su ile kolayca yiizeyden
temizlenebilmesi 6zellikleri ile hem i¢ hem de dis mekanlar olmak iizere agac, metal, kagit,
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karton, seramik, mukavva, kumas, bez, tuval ve daha bir¢ok yiizeyde genis kullanim alanina
sahiptir.

Akrilik boya, tiretici firma Onerileri dogrultusunda su ile agilarak orta sertlikte fir¢a ile tek
ve iki kat uygulanmustir. Iki kat arasinda 15 dakika beklenmistir. Akrilik boya, m? ye yaklasik
80-120 gr olacak sekilde uygulanmaistir.

2.2.2. Sentetik boya

Sert, dayanikli, iistiin yapisma 6zelliklerine sahip yag esasli bir boyadir. Dig mekénlarda
veya veranda mobilyalarinda, ev icerisinde dayanikli olmasi istenen yiizeylerde, merdivenler
gibi ¢ok fazla asinmaya maruz kalabilecek yerlerde tercih edilmektedir (Giirleyen, 2018).

Sentetik boya; %15 tiner ile inceltilerek, firca ile tek ve iki kat uygulanmustir. Uretici
firmanin Onerileri dogrultusunda katlar arasinda 24 saat dis hava kosullarinda bekletilmistir.
Sentetik boya m? ye yaklagik 110 gr olacak sekilde uygulanmustir.

2.2.3. Selulozik boya

Tek bilesenli, yiiksek ortiiciiliik giicline sahip son kat boya ¢esididir. Selulozik boya,
ozellikle uygulandig1 ylizeye parlak bir goriintii vermesinden dolayr mobilya kaplama
alanlarinda genis kullanim alanina sahiptir.

Selulozik boya; dretici firma oneriler dogrultusunda % 80 oraninda seliilozik tiner ile
inceltilerek firga ile uygulanmustir. Katlar arasinda 24 saat beklenmistir. Seliilozik boya; m?’
ye yaklagik 80-100 gr olacak sekilde uygulanmistir.

2.3. Deney orneklerinin hazirlanmasi

Deney o6rnekleri mobilya ve levha sektoriinden tesadiifi metotla segilmistir. Sarigam (Pinus
sylvestris L.), Dogu kaymi (Fagus oriantalis L.), sapsiz mese (Quercus petraea L.), orta
yogunlukta lif levha (MDF) ve yonga levha érnekleri ASTM D 358, TS 345, TS 1476’ya
gore budaksiz, ardaksiz, saglam, diizgiin lifli, diri odun kismindan, reg¢inesi ve biiylime kusuru
bulunmayan parcalardan hazirlanmistir.  Kaba 6lclide kesilen érnekler 20 + 2°C sicaklik ve
% 65 + 3 bagil nem sartlarinda %12 rutubete ulasincaya kadar bekletilmistir (TS 1SO
13061-1, 2021). Hava kurusu rutubetteki drnekler 13x13 x 76 mm (radyal x teget x boy)
Olgiilerinde hazirlanmistir. Hazirlanan Orneklere oOrtiicli boya olarak akrilik, sentetik ve
seliilozik boyalar firga ile her bir agag¢ tirii ve levha igin tek kat ve iki kat olarak
uygulanmaistir.

Akrilik boya uygulanmasi; hazirlanan deney Orneklerine iiretici firma Onerileri
dogrultusunda su ile agilarak orta sertlikte firga 1 m?’ye 80-120 gr gelecek sekilde tek kat ve
iki kat olmak iizere iki farkli sekilde uygulanmustir. Iki kat arasinda bekleme siiresi olarak
yine {iretici firmanin 6nerilerine uyularak 15 dk beklenmistir.

Sentetik boya uygulanmasi; %15 tiner ile inceltilerek, fir¢a ile siirme metodu ile tek kat ve
iki kat olarak uygulanmustir. Uretici firmanin &nerileri dogrultusunda iki kat boyama igin tek
kat ile ikinci kat arasinda bekleme siiresi olarak 24 saat dis hava kosullarinda bekletilmistir. 1
m? lik ylizey kaplamak igin 110 gr kullanilmustur.

Seliilozik boya uygulanmasi; iiretici firmanin belirledigi Oneriler dogrultusunda % 80
oraninda seliilozik tiner ile inceltilerek firga ile uygulanmugtir. Iki kat arasinda 24 saat
bekleme siiresine uyularak siiriilmiistiir. 1 m2’lik yuzey kaplamak igin 80-100 gr
kullanilmaistir.
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2.4. Verilerin degerlendirilmesi

Bu caligmada, malzeme cesidi, kat sayisi, boya c¢esidinin 1sik yogunluklar1 veri olarak
kullanilmistir. Istatistiksel degerlendirme asamasinda MSTAT-C istatistik programinda ¢oklu
varyans (ANOVA) analizleri uygulanmistir. Gruplar arasi farkliligin 6nemli ¢ikmasi halinde
farklarin hangi faktorlerden kaynaklandigmnm ortaya konmasi ve homojenlik gruplarmnin
belirlenmesi igin her bir faktére kendi igerisinde Duncan testi (homojenlik grubu) uygulanmis
farkliliklar kargilagtirilmistir.

3. Bulgular
3.1. Isik yogunluklar:
3.1.1. Alev kaynakh yanmada 151k yogunluklari

Malzeme tiirli, boya ¢esidi ve kat sayisinin alev kaynakli yanmada 151k yogunluguna iliskin
coklu varyans analiz sonuglar1 Cizelge 1’de verilmistir.

Cizelge 1. Alev kaynakli yanmada 151k yogunluguna iligkin ¢oklu varyans analizi sonuglar

Faktor Serbestlik Kareler Ortalama F degeri Pa < 0,05
Derecesi Toplanm Kareler
Malzeme tirl (A) 4 14762.197 3690.549 22.7851 0.0000
Boya ¢esidi (B) 2 1190.751 595.375 3.6758 0.0292
Etkilesim (AB) 8 1180.701 147.588 0.9112
Kat sayis1 (C) 2 10015.230 5007.615 30.9165 0.0000
Etkilesim (AC) 8 15726.088 1965.761 12.1364 0.0000
Etkilesim (BC) 4 1127.242 281.811 1.7399 0.1481
Etkilesim (ABC) 16 3082.384 192.649 1.1894 0.2919
Hata 90 14762.197 161.972 22.7851 0.0000
Toplam 134 61662.095

Malzeme turi, boya kat sayisi ile malzeme tiiriiniin karsilikli etkilesimleri istatistiksel
olarak anlamli bulunmustur (a <0,05). Diger parametreler bu bakimdan anlamsiz ¢ikmustir.
Anlamli ve anlamsiz olanlarda LSD degerleri dikkate alinarak karsilastirmalar yapilmuistir.

Malzeme turiine gore alev kaynakli yanmada 1s1k yogunlugu ortalama degerleri Cizelge 2’de
verilmistir.

Cizelge 2. Malzeme tirii, boya gesidi ve kat sayismna iliskin alev kaynakli yanmada isik
yogunlugu ortalama degerleri (LUX)

Malzeme tirii* X HG
Saricam (S¢) 883.0 A
Dogu kaymm  (Dk) 880.3 A
Mese (M) 877.7 A
Lif Levha  (MDF) 859.7 B
Yonga levha (YL) 858.9 B
Bova cesidi**

Akrilik (Ak) 876.1 A
Sentetik  (Sn) 869.8 B
Seliilozik (SI) 869.8 B
Kat sayisi***

Kontrol (Knt) 883.5 A
Birkat (1) 869.5 B
ikikat (1) 862.8 C

*LSD:6.851, **LSD:5.307, ***LSD:5.307
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Malzeme tlriine gore, alev kaynakli yanmada 151k yogunlugu en yiiksek sarigamda (883.0),
en diisiik yonga levhada (858.9), boya cesidine gore en yiiksek akrilik (876.1), en diisiik
seliilozikte (869.8), kat sayisina gore en yiiksek bir I’de (869.5), en diisiik II’de (862.8)
bulunmustur. Malzeme tlri+boya ¢esidi, malzeme tiirii+kat sayisi1 etkilesimine gore, alev
kaynakli yanmada 1sik yogunlugu ortalama degerlerine iliskin sonuglar Cizelge 3.’de
verilmistir.

Cizelge 3. Malzeme tiri+ boya ¢esidi, malzeme tiiritkat sayisi etkilesimine iliskin alev
kaynakli yanmada 151k yogunlugu ortalama degerleri (LUX)

Malzeme tiru+Boya X HG Malzeme turid +Kat X HG
cesidi* sayis1™*

S¢+Ak 886.7 A S¢ 917.8 A
Sc+Sl 885.5 A Dk 893.4 B
Dk+Ak 882.8 A M 893.4 B
Dk+SlI 881.9 AB Dk+I 875.7 C
M+Ak 881.1 AB Sc+l 875.0 C
M+Sn 878.2 AB Dk+l1 871.9 CD
S¢+Sn 876.3 AB M+l 870.6 CD
DK +Sn 876.3 AB YL+I 869.6 CDE
M+SI 873.8 ABC M+llI 869.1 CDE
YL+Ak 868.4 BCD MDF 863.8 CDE
MDF+Ak 861.6 CDE YL+II 860.3 DEF
MDF+Sn 859.2 DE MDF+I 856.5 EF
YL+Sn 858.7 DE MDF+II 856.3 EF
MDF+SI 856.0 DE Sc+ll 856.3 EF
YL+SI 851.9 E YL 849.1 F
*LSD:11.87

Malzeme tlri+boya ¢esidine iliskin alev kaynakli yanmada 1sik yogunlugu, en ylksek
Sc+AK’de (886.7), en diisiik YL+SI’de (851.9), malzeme tiirii+kat sayisina gore, en yiksek
Dk+I ‘de (875.7), en diisiik S¢+II’de (856.3) bulunmustur. Boya ¢esidi-kat sayisina gore alev
kaynakli yanmada 1s1k yogunlugu ortalama degerleri Cizelge 4’de gosterilmistir.

Cizelge 4. Boya gesiditkat sayisi etkilesimine iliskin alev kaynakli yanmada 151k yogunlugu ortalama

degerleri (LUX)

Boya cesidi+ Kat sayis1* X HG
Ak 883.9 A
Sn 883.3 A
Sl 883.3 A
Ak+l 873.2 B
Ak+I1 871.3 B
Sl+| 870.1 BC
Sn+l 865.0 BCD
Sn+lli 861.1 CD
Sl+11 856.0 D
*L.SD: 9.191

Boya turi+kat sayisi etkilesimine gore alev kaynakli yanmada 151k yogunlugu en yiksek
Ak+I’ de (873.2), en diisiik SI+11° de (856.0) bulunmustur.

Malzeme tiirli, boya ¢esidi ve kat sayisi etkilesimine gore, alev kaynakli yanmada 11k
yogunlugu ortalama degerleri Cizelge 5’de gosterilmistir.
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yogunlugu ortalama degerleri (LUX)

Malzeme X HG* Malzeme tiru X HG*
turu+Boya +Boya cesidi +Kat

cesidi+Kat sayisi sayisl

Sc+Sl 917.8 A M+SI+I 865.8 DEFGHIJ
S¢+Sn 917.8 A Dk+Sn+l1 865.7 DEFGHIJ
S¢+Ak 917.8 A YL+Sn+l 864.5 DEFGHIJ
S¢+SI+1 896.3 AB MDF+Sn 863.8 DEFGHIJ
Dk+Sn 893.6 BC MDF+Ak 863.8 DEFGHIJ
M+SI 893.4 BC MDF+SI 863.8 DEFGHIJ
M+Sn 893.4 BC YL+Sn+ll 863.4 DEFGHIJ
M+Ak 893.4 BC M+SI+I1 862.2 DEFGHIJ
Dk+SlI 893.3 BC MDF+Ak+I| 861.2 DEFGHIJ
Dk+Ak 893.3 BC S¢+Sn+l 860.8 DEFGHIJ
YL+AK+II 884.9 BCD MDF+AKk+I1 859.8 DEFGHIJ
Dk+Ak+I 879.3 BCDE YL+SI+I 859.3 DEFGHIJ
Dk+SI+I 878.4 BCDEF MDF+Sn+I 857.4 EFGHIJ
M+AK+II 876.9 BCDEFG | MDF+Sn+ll 856.3 EFGHIJ
Dk+Ak+l1 875.8 BCDEFGH | MDF+SI+lI 853.3 FGHIJ
Sc+AK+II 874.7 BCDEFGH | S¢+Sn+ll 851.9 GHIJ
Dk+SI+11 874.1 BCDEFGH | YL+AK 851.1 GHIJ
M+AK+| 873.0 BCDEFGHI | MDF+SI+I 850.9 HIJ
M+Sn+l 873.0 BCDEFGHI | YL+SI+II 848.3 1J
Dk+Sn+l 869.5 CDEFGHI YL+SI 848.1 1J
YL+Ak+II 869.1 CDEFGHI YL+Sn 848.1 1J
M+Sn+lI 868.4 CDEFGHI Sc+SI+II 842.4 J
Sc+Ak+I 867.8 DEFGHIJ *LSD:20.55

Malzeme tlri-boya c¢esidi-kat sayisi etkilesimine goére, alev kaynakli yanmada 1sik
yogunlugu en ylksek S¢+Sl+1’de (896.3), en diisiikk S¢+SlI+I1’de (842.4) bulunmustur.

3.1.2. Kendi kendine yanmada 1sik yogunlugu
Malzeme tiirii, boya ¢esidi ve kat sayismin kendi kendine yanmada isik yogunluguna
iliskin ¢oklu varyans analiz sonuglar1 Cizelge 6’da verilmistir.

Cizelge 6. Kendi kendine yanmada bagh 1sik yogunluguna iliskin ¢oklu varyans analizi

sonugclari

Faktor Serbestlik  Kareler Ortalama  F degeri P a <0,05
derecesi toplamu Kareler

Malzeme tiirii (A) 4 13400.268 3350.067 17.7347 0.0000
Boya cesidi (B) 2 2889.812 1444.906 7.6491 0.0009
Etkilesim (AB) 8 1823.227 227.903 1.2065 0.3043
Kat sayis1 (C) 2 21858.381 10929.191 57.8573 0.0000
Etkilesim (AC) 8 18664.573 2333.072 12.3509 0.0000
Etkilesim (BC) 4 4628.295 1157.074 6.1253 0.0002
Etkilesim (ABC) 16 9515.007 594.688 3.1482 0.0003
Hata 90 17000.931 188.899 17.7347
Toplam 134 89780.494

Buna gore, malzeme tlrl, boya kat sayisi ile malzeme turinin karsilikli etkilesimleri
istatistiksel olarak anlamli bulunmustur (a <0,05). Diger parametreler bu bakimdan anlamsiz
cikmistir. Anlamli ve anlamsiz olanlarda LSD degerleri dikkate alinarak karsilastirmalar
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yapilmistir. Malzeme tiirii, boya ¢esidi ve kat sayisina gore kendi kendine yanmada 1s1k
yogunlugu ortalama degerleri Cizelge 7°de verilmistir.

Cizelge 7. Malzeme tiri, boya ¢esidi ve kat sayisina gore kendi kendine yanmada 1sik
yogunlugu ortalama degerleri (LUX)

Malzeme turu* X HG
Yonga levha (YL) 865.3 A
Mese (M) 863.1 A
Lif levha (MDF) 855.1 B
Dogu kayini (Dk) 845.3 C
Sarigam (S¢) 839.5 C
Boya cesidi** X HG
Akrilik (AK) 860.2 A
Seliilozik (SI) 850.6 B
Sentetik (Sn) 850.2 B
Kat sayis1* X HG
Kontrol (Knt) 871 A
Bir kat (1) 849.1 B
Iki kat (IT) 840.9 C

*LSD: 7.398, **LSD: 5.731

Malzeme tlriine gore, kendi kendine yanmada 1sik yogunlugu en yiiksek yonga levhada
(865.3), en diisiik sarigamda (839.5), boya ¢esidine gore en yuksek akrilik boyada (860.2), en
diistik sentetik boyada (850.2), kat sayisma gore en yiikksek I’de (849.1), en diisiik II’de
(840.9) bulunmustur. Malzeme tirii-kat sayis1 etkilesimine iliskin kendi kendine yanmada
151k yogunluklar1 ortalama degerleri Cizelge 8’de gdsterilmistir.

Cizelge 8. Malzeme turii ve kat sayisina iliskin kendi kendine yanmada 1sik yogunluklar1
ortalama degerleri (Liix)

Malzeme tirs X HG | Malzemet Uri X HG
+Kat sayis1* +Boya Cesidi**

S¢ 8876 A YL+AK A 875.7
M 872.7 B M+Ak AB 865.9
YL 867.7 BC YL+Sn AB 864.7
YL+I 867.4 BC M+Sn ABC 863.3
MDF 864.3 BCD | MDF+Ak ABC 862
Dk 863 BCD | M+SI BC 860.1
YL+II 860.7 BCD | Dk+Ak BCD 856.2
M+1 859 BCD | YL+SI BCDE 855.3
M+l 857.6 CD MDF+SI BCDEF 853.9
MDF+I 851.7 DE MDF+Sn CDEFG 849.7
MDF+II 849.6 DE Sc+SI DEFGH 842.8
Dk+I 841.2 EF Sc¢+Ak EFGH 841.2
Dk+I1 831.7 FG Dk+SlI FGH 840.7
Sc+l 826.1 G Dk+Sn GH 838.9
Sc+I 8048 H Sc+Sn H 834.5
*|.SD: 12.81 **| SD: 12.81

Malzeme turi+kat sayisi etkilesimine gore, kendi kendine yanmada isik yogunlugu en
yiksek YL+I" de (867.4), en diisiik S¢+II’ de (804.8), malzeme tiirii+tboya cesidine gore en
yiiksek YL+Ak de (875.7), en diisiik S¢+Sn’de (834.5) bulunmustur.
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Boya ¢esidi-kat sayisi etkilesimine gore kendi kendine yanmada 1sik yogunlugu ortalama
degerleri Cizelge 9’da gosterilmistir.

Cizelge 9. Boya ¢esidi-kat sayis1 etkilesimine iliskin kendi kendine yanmada 151k yogunlugu
ortalama degerleri (LUXx)

Boya Cesidi+ Kat sayis1 X HG*
Sl 871.1 A
Sn 871.1 A
Ak 870.9 A
Ak+l 855.8 B
Ak+11 853.9 B
S+l 852.7 B
Sn+ll 840.8 C
Sn+l 838.8 C
Sl+l11 827.9 D
*L.SD: 9.926

Boya c¢esidi-kat sayis1 etkilesimine iliskin kendi kendine yanmada isik yogunlugu en
yiikksek Ak+I” de (855.8), en diisiikk SI+HII” de (827.9) bulunmustur. Malzeme tiirii, boya ¢esidi
ve kat sayist etkilesimine iliskin kendi kendine yanmada 151k yogunlugu ortalama degerleri
Cizelge 10°da gosterilmistir.

Cizelge 10. Malzeme tiirii, boya ¢esidi ve kat sayist etkilesimine iliskin kendi kendine yanmada 1s1k
yogunlugu ortalama degerleri (Liix)

Malzeme X HG*  Malzeme tlri+Boya X HG*
tlri+Boya cesidi + cesidi +Kat sayisi

Kat sayisi

YL+Ak+I 888.2 A M+SI+I 859.6 BCD
S¢+Sn 887.7 A M+Sn+llI 859.4 BCD
Sc+Sl 8877 A MDF+Ak+11 859 BCD
Sc+Ak 8873 A M+Sn+l 857.8 BCD
M+SlI 872.7 AB Dk+Ak+l1 854.4 BCDE
M+Sn 872.7 AB MDF+SI+11 851.9 BCDEF
M+Ak 872.7 AB DKk+AKk+I 851.5 BCDEF
YL+Ak+II 871.3 ABC YL+SI+I 850.2 BCDEF
YL+Sn 867.7 ABC M+SI+I1 848.2 BCDEF
YL+AK 867.7 ABC YL+SI+II 848.1 BCDEF
YL+SI 867.7 ABC MDF+Sn+I 846.9 BCDEF
M+Ak+II 865.2 ABCD MDF+SI+I 845.6 BCDEF
MDF+Sn 864.3 ABCD Dk+SI+l 844.1 CDEFG
MDF+Ak 864.3 ABCD MDF+Sn+ll 837.8 DEFGH
MDF+SI 864.3 ABCD Dk+Sn+l 828.1 EFGH
Sc+SI+1 864.2 ABCD Dk+Sn+ll 825.6 FGH
YL+Sn+l 864.0 ABCD Sct+Ak+ll 819.7 GHI
Dk+SI 863.0 ABCD S¢+Sn+ll 818.5 HI
Dk+Sn 863.0 ABCD Sc+Ak+l 816.7 HI
Dk+Ak 862.8 ABCD Dk+Sl+ll 815.1 HI
MDF+AKk+I 862.6 ABCD Sc¢+Sn+l 7973 I
YL+Sn+ll 862.6 ABCD Sc+SI+lI 7764 ]
M+AKk+I 859.7 BCD *LSD:22.20
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Malzeme tiirii, boya ¢esidi ve kat sayist etkilesimine gore, kendi kendine yanmada 1sik
yogunlugu en yliksek YL+Ak+I’ de (888.2), en diisiik S¢+SIHII” de (776.4) bulunmustur.

3.1.3. Kor halinde yanmada 1s1k yogunlugu
Malzeme tiirii, boya ¢esidi ve kat sayismin kor halinde yanmada 1sik yogunluguna iligskin
coklu varyans analiz sonuglar1 Cizelge 11°de verilmistir.

Cizelge 11. Kor halinde yanmada 151k yogunluguna iliskin ¢oklu varyans analizi sonuglari

Faktor Serbestlik Kareler Kareler F degeri P a < 0,05
derecesi toplamu ortalamasi

Malzeme tirii (A) 4 50843.553 12710.888 2.2554 0.0693

Boya ¢esidi (B) 2 12938.230 6469.115 1.1479 0.3219

Etkilesim (AB) 8 48807.237 6100.905 1.0825 0.3826

Kat sayis1 (C) 2 11782.122 5891.061 1.0453 0.3558

Etkilesim (AC) 8 48441.024 6055.128 1.0744 0.3882

Etkilesim (BC) 4 18270.771 4567.693 0.8105

Etkilesim (ABC) 16 89111.452 5569.466 0.9882

Hata 90 507220.108 5635.779 2.2554

Toplam 134 787414.496

Buna gore, malzeme tiirli, boya kat sayis1 ile malzeme tiiriiniin karsilikli etkilesimleri
istatistiksel olarak anlamli bulunmustur (a <0,05). Diger parametreler bu bakimdan anlamsiz
cikmistir. Anlamli ve anlamsiz olanlarda LSD degerleri dikkate alinarak karsilastirmalar
yapilmistir. Malzeme tiurl, boya gesidi ve kat sayisina gore kor halinde yanmada 1sik
yogunlugu ortalama degerleri Cizelge 12°de gosterilmistir.

Cizelge 12. Malzeme tirQ, boya ¢esidi, kat sayisma iliskin kor halinde yanmada 1sik
yogunlugu ortalama degerleri (LX)

Malzeme turu* X HG
Dogu kayini (DK) 879 A
Sarigam (S¢) 868.8 A
Mese (M) 864.4 AB
Yonga levha (YL) 860.0 AB
Lif levha (MDF) 822.1 B
Boya cesidi*™*

Akrilik (AK) 867.2 A
Sentetik (Sn) 864.2 A
Selulozik (SI) 845.1 A
Kat sayis1***

Kontrol (Knt) 868.6 A
Iki kat (II) 861.6 A
Bir kat (1) 846.3 A

*LSD:40.41,**LSD:31.30, ***LSD:0.6453

Kor halinde yanmada g1k yogunlugu, malzeme turiine gore, en yiikksek Dogu kayminda
(879), en diisik MDF’de (822.1), boya ¢esidine gore en yiksek akrilik boyada (867.2), en
diisiik seliilozik boyada (845.1), boya kat sayisina gore en yiiksek II’de (861.6), en diisiik I’de
(846.3) bulunmustur.

Malzeme turiu+boya cesidi ve malzeme tirl+kat sayis1 etkilesiminin kor halinde yanmada
151k yogunlugu ortalama degerlerine iligkin sonuglari Cizelge 13°de verilmistir.
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Cizelge 13. Malzeme tlrl+boya cesidi ve malzeme tiirii+kat sayisina iliskin kor halinde
yanmada 151k yogunlugu ortalama degerleri (LUX)

Malzeme tiri + X HG | Malzeme tirid + X HG

Boya cesidi* Kat sayis1*
Dk+SI 882.9 A Dk+Knt 860.6 A
Dk+Ak 877.4 A Dk+l1 874.2 A
Dk+Sn 876.6 A Sc+l 874.1 A
Sc+Sl 871.8 A Dk+l 872.1 A
S¢+Ak 871.1 A Sc¢+Knt 870.7 A
YL+AkK 866.9 A M+I 866.7 A
M+Ak 866.1 A M+l 863.9 A
M+Sn 864.1 A YL+Knt 862.7 A
S¢+Sn 863.5 A M+Knt 862.5 A
M+SI 862.8 A Sc+ll 861.5 A
YL+Sn 860.4 A YL+ 861.4 A
MDF+Sn 856.5 A MDF+Knt 856.6 A
MDF+Ak 854.5 A YL+ 855.8 A
YL+SI 852.6 A MDF+I1 852.8 A
MDF+SI 755.4 B MDF+I 757 B
*L.SD: 69.99

Malzeme tiri+boya ¢esidi etkilesimine iliskin kor halinde yanmada, 151k yogunlugu en
yuksek Dk+SI’de (882.9), en diisik MDF+SI'de (755.4), malzeme tlrl+kat sayisi

etkilesimine gore en yiuksek DK+II” de (874.2), en diisiik MDF+1’de (757) bulunmustur.

Boya c¢esidi-kat sayisi1 etkilesimine gore kor halinde yanmada 151k yogunlugu ortalama

degerleri Cizelge 14’de gosterilmistir.

Cizelge 14. Boya ¢esidi-kat sayis1 etkilesimine iliskin kor halinde yanmada 1sik yogunlugu

ortalama degerleri (LX)

Boya cesidi+ Kat sayisi X HG*
Ak 868.7 A
Sn 868.6 A
Sl 868.6 A
Ak+I1 866.9 A
Ak+l 866.0 A
Sn+l 863.3 A
Sn+ll 860.8 A
Sl+11 857.2 A
S+l 809.5 A
*LSD: 54.22

Boya ¢esidi+kat sayisi etkilesimine gore kor halinde yanmada 1sik yogunlugu en yiiksek
Ak+II’de (866.9), en diisiik SI+I’de (809.5) bulunmustur.

Malzeme tiirli, boya ¢esidi ve kat sayis1 etkilesimine gore kor halinde yanmada 11k
yogunlugu ortalama degerleri Cizelge 15°de gosterilmistir.
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Cizelge 15. Malzeme tiirii, boya ¢esidi ve kat sayisi etkilesimine gore kor halinde yanmada

151k yogunlugu ortalama degerleri (Liix)

Malzeme X HG* Malzeme X HG*
turu+Boya turu+Boya

cesidi+Kat sayisi cesidi+Kat sayisi

Dk+Ak 890.6 A YL+Ak 862.7 A
Dk+SI 890.6 A YL+SI 862.7 A
Dk+Sn 890.6 A M+Ak 862.5 A
Sc+SI+l 881.9 A M+SI 862.5 A
Dk+SI+I 881.6 A M+Sn 862.5 A
Dk+Ak+II 880.1 A YL+Ak+1I 862.3 A
Dk+Sl+lI 876.3 A Dk+Ak+I 861.6 A
YL+Ak+I 875.7 A YL+Sn+lI 860.7 A
Sc+AK+I 873.6 A MDF+Sn+lI| 860.3 A
Dk+Sn+l 873.0 A M+SI+I1 858.4 A
S¢+Sn 870.7 A YL+Sn+l 857.7 A
Sc+Ak 870.7 A MDF+Ak 856.8 A
Sc+Sl 870.7 A MDF+Sn 856.5 A
M+Ak+11 869.6 A MDF+SI 856,5 A
Sc+Ak+II 868.9 A MDF+Ak+l11 853.8 A
M+SI+I 867.7 A MDF+Ak+I 853.0 A
Sc+Sn+l 866.8 A Sc+Sn+ll 852.9 A
M+Ak+I 866.4 A MDF+Sn+I 852.7 A
Dk+Sn+lI 866.2 A YL+SI+I 850.8 A
M+Sn+l 866.0 A YL+SI+I 844.3 A
M+Sn+lII 863.8 A MDF+SI+11 844.2 A
Sc+SI+I| 862.8 A MDF+SI+I 565.4 B
YL+Sn 862.7 A *LSD:121.2

Malzeme tiiri-boya ¢esidi-kat sayisi etkilesimine gore kor halinde yanmaya bagli 1sik
yogunlugu en yiiksek S¢+SIH+1” de (881.9), en diisiik MDF+SI+I” de (565.4) bulunmustur.

4. Sonug ve Oneriler

Isik yogunlugu parametresi, yanma deneyi esnasinda agiga ¢ikan duman miktarmni
belirlemek igin kullanilmaktadir. Isik yogunlugunun diisik oldugu durumlarda
aciga cikan duman miktar1 fazla, yogunlugunun fazla oldugu durumlarda ise aciga
cikan duman miktar1 daha azdir. Isik yogunlugunun diisiik oldugu durumlarda
ac1ga ¢ikan duman miktari fazla oldugundan, yangmda insanlar dumandan bogulma
riskinin daha fazla oldugu sdylenebilir.

Istk  yogunlugunun azalmasi, duman olusumunu arttrmas: ile yanginda
zehirlenmelere neden olacagindan, duman yogunlugu fazla olan emprenye
maddeleri ile 151k yogunlugu fazla olan emprenye maddelerinin ikili islemler
halinde birlikte kullanilmas1 duman yogunlugunu azaltabilir (Baysal, 2003).
Malzeme tlrine gore, alev kaynakli yanmada 151k yogunlugu; en yiiksek sarigamda
(883.0) en diisiik yonga levhada (858.9) bulunmustur. Yonga levhaya gore sarigam
% 2.73, Dogu kayin1 %2.44, mese % 2.15 daha yiiksek ¢ikmistir. Yonga levha ve
MDF nin sonuclar1 yaklasik olarak esit ¢ikmistir. Alev kaynakli yanmada, 151k
yogunlugunun sarigamda yiiksek ¢ikmasi, regine gibi bazi yanici yan bilesiklerin
bulunmasi, daha kolay yanmasinm, yonga levha ve MDF nin daha zor yandig: ve
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151k yogunlugunun diisiik ¢iktigi, bu durmun levha iiretiminde kullanilan, tutkal,
emprenye, katki ve dolgu maddeleri kaynakli oldugu disiiniilmiistiir. Nitekim
literatiirde, alev kaynakli yanmada sumak emprenyeli Orneklerde 1000 lux ile
duman yogunlugu goézlemlenmezken, en yogun duman olusumuna 838 lux ile
sumak + (BA+Bx) emprenyeli Orneklerde rastlanilmistir. KKY asamasinda
mazi+(BA+Bx) ile emprenyeli Orneklerde 956 lux ile en diisiik, mazi ile
emprenyeli drneklerde 650 lux ile en yogun duman olusumu goézlemlenmistir. Bu
sonu¢ levhalarda elde edilen degerleri desteklemektedir (Baysal, 2003).

e Ahsap tiirline gore alev kaynakli yanmada, 151k yogunlugu en fazla kayinda, en az
sarigamda bulunmustur. Kayinda 151k yogunlugu meseden % 3, saricamdan % 6
daha fazla 6l¢tilmiistiir (Yalinkilig, 2020).

e Boya ¢esidine gore, alev kaynakli yanmada 1sik yogunlugu, en yiksek akrilik
boyada (876.1) en diisiik seliilozik boyada (869.8) bulunmustur. Isik yogunlugunun
akrilik boyada yiiksek, seliilozik ve sentetik boyada diisiikk ¢ikmasi, boyalarin
tretiminde kullanilan kimyasal maddelerin 6zelliklerinden kaynakli oldugu
degerlendirilmistir. Kontrol orneklerine gore, boyali 6rneklerde 151k yogunlugu
disik cikmistir. Buna gore, Ortiicli boyalar, duman yogunlugunu artiric1 etki
yapmistir. Kat sayisina gore, alev kaynakli yanmada, 151k yogunlugu en yiiksek
I’de (869.5), en diisiik I11’de (862.8) goriilmiistiir. Duman yogunlugu II’ye gore I %
0.78 daha yiiksek ¢ikmistir. Boya miktarinin artmasi, duman yogunlugunu
artrrmistir. Daha fakli katman kalinliklarindaki boya uygulamalarin arastirilmasi bu
bakimdan dnem arzedebilir.

e Malzeme tiri-boya cesidi ikili etkilesimine gore alev kaynakli yanmada isik
yogunlugu, en vyiksek Sc+Ak’de (886.7), en disik YL+SI’de (851.9)
belirlenmistir. YL+SI’ye gore S¢+Ak %3.93 daha yiiksek ¢ikmistir. Buna gore,
duman yogunlugunda, levha gesidi 1., boya ¢esidinin 2. derece etkili oldugu
sOylenebilir.  Malzeme tlri-kat sayisi etkilesimine gére alev kaynakli yanmada
15tk yogunlugu, en yliksek Dk+I’de (875.7), en disik Sc¢+llI’de (856.3)
belirlenmistir. Kat sayisisi artikca yanmada duman miktar1 artmistir. Boya ¢esidi-
kat sayisi etkilesimine gére alev kaynakli yanmada 1sik yogunlugu, en yiksek
Ak+I’de (873.2), en diisiikk Sl+II’de (856.0) belirlenmistir. SI+11’ye gore Ak+l %
1.97 daha yiiksek ¢ikmaistir.

e Malzeme tiiri-boya ¢esidi-kat sayis1 U¢li etkilesimine gore alev kaynakli yanmada
bagli 151k yogunlugu en yiiksek S¢+Sl+I°de (896.3), en diisiik S¢+SI+11°de (842.4)
belirlenmistir. S¢+SI+I1’ye gore S¢+Sl+l % 6.02 daha yiiksek ¢ikmistir. Buna
gore, duman yogunlugunun artisinda levhalar 1. derece, seliilozik boya 2. Derece,
kat sayisi ise 3. Derecede etkili olmustur.

e Kendi kendine yanmada 1sik yogunlugu; malzeme tiriine gore, en yiksek yonga
levhada (865.3), en diisiik ise sarigamda (839.5) goriilmiistiir. Sarigama gore %
2.99 yonga levha, % 2.74 mese, % 1.95 MDF ve % 0.69 Dogu kaymi yiiksek
cikmigtir. Kendi kendine yanmada isik yogunlugunda yonga levhanin yanma
direncinin diisik ve Dogu kayminm yanmaya karst daha diren¢li oldugu
sOylenebilir. Boya gesidine gore, kendi kendine yanmada 151k yogunlugu degerleri
en yuksek akrilik boyada (860.2) en diisiik sentetik boyada (850.2) belirlenmistir.
Kat sayisia gore kendi kendine yanmada 151k yogunlugu en yiiksek I’de (849.1),
en diisiik II’de (840.9) goriilmistiir. II’ye gore I % 0.97 daha yiiksek ¢ikmugtir. Kat
sayisinin duman yogunlugu bakimindan esit bulunmustur. Sentetik ve seltlozik
boyaya gore akrilik boya %1.17 daha yiiksek ¢ikmuistir.
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e Malzeme turi-kat sayisi etkilesimine gore, kendi kendine yanmada 151k
yogunluklar1 en yiikksek YL+I’de (867.4), en diisiik S¢+I1I’de (804.8) bulunmustur.
Sc+1I’ye gore YI+1 %7.22 daha yiiksek ¢ikmustir.

e Malzeme tiri-boya gesidi etkilesimgbe gore, en yiiksek YL+Ak (875.7), en diistik
Sc¢+Sn (834.5) bulunmustur. Boya ¢esidi-kat sayisi etkilesimine gore kendi kendine
yanmada 1sik yogunlugu en yiiksek Ak+I’de (855.8), en diisiik SI+11’de (827.9)
belirlenmistir. SI+11°ye gore SI+11 % 3.27 daha yiiksek ¢ikmustir.

e Malzeme tiri-boya ¢esidi-kat sayisi etkilesimine gore kendi kendine yanmada 151k
yogulugu en vyiksek YL+Ak+I’de (888.2), en disiik Sc+Sl+ll’de (776.4)
belirlenmistir. S¢+SI+11’ye gore YL+AK+I %12.59 daha yuksek ¢ikmustir. Kendi
kendine yanmada 151k yogunlugu degerleri alev kaynakli yanmada 151k yogunlugu
degerlerinin tam aksine yonga levha yanmaya karsi daha az direngli, saricam ise
daha direngli oldugu goriilmiistiir.

e Kor halinde yanmada 1sik yogunlugu; malzeme tiiriine gore en yiiksek Dogu
kayminda (879), en diisik MDF’de (822.1) belirlenmistir. MDF’ye gére Dogu
kaymi % 6.48, saricam % 5.38, mese % 5.01, yonga levha % 4.41 daha yiksek
cikmustir. Kor halinde yanmada 1s1ik yogunlugunda Dogu kayminin kolay yandigi,
MDF’nin ise daha zor yandig1 sdylenebilir.

e Boya ¢esidine gore kor halinde yanmada 1s1k yogunlugu en yiiksek akrilik boyada
(867.2), en diisiik seliilozik boyada (845.1) belirlenmistir. Selillozik boyaya goére
akrilik boya % 2.55, sentetik boya % 2.22 daha yiksek ¢ikmistir. Kor halinde
yanmada 1sik yogunlugu boya ¢esidine gore akrilik boya ¢esidinin yanmayi
kolaylastirdig1 sentetik boyanmn ise yanmayi1 geciktirip yanmayi1 zorlastirdigi
soylenebilir.

e Boya kat sayisina gore kor halinde yanmada 1sik yogunlugu en yiiksek II’de
(861.6), en diisiik I’de (846.3) bulunmustur. 1. kata gore II. kat % 1.78 daha ylksek
cikmustir. Burada II kat islem gérmiis 6rneklerin yanmaya daha az direngli oldugu
sOylenebilir.

e Malzeme tirl-boya ¢esidi etkilesimine iliskin kor halinde yanmada 1s1k
yogunlugunda en yiiksek Dk+SI’de (882.9), en diisik MDF+SI’de (755.4)
bulunmustur. MDF+SI’ye gére Dk+SI % 14.45 daha yiiksek ¢ikmustir. Kor halinde
yanmada 1sik yogunlugunda seliilozik boya ile islem gormiis Dogu kayininin kolay
yandigini yine sellilozik boya ile islem gormiis MDF’nin ise yanmaya daha direncli
oldugu soylenebilir.

e Malzeme tiiri-kat sayis1 etkilesimine gore kor halinde yanmada 151k yogunlugu en
ylksek Dk+l1°de (874.2), en diisiik MDF+1°de (757) belirlenmistir. MDF+I’e gore
Dk+11 % 13.41 daha yiiksek ¢ikmustir.

e Boya cesidi-kat sayisi etkilesimine gore kor halinde yanmada 1sik yogunlugu en
yiksek Ak+lI1’de (866.9), en diisiik SI+I°de (809.5) belirlenmistir.

e Malzeme tirl-boya gesidi-kat sayisi etkilesimine gore kor halinde yanmada 1s1k
yogunlugu en yiiksek S¢+Sk+1’de (881.9), en diisik MDF+SI+I’de (776.4)
bulunmustur. MDF+S1+1’e gbre S¢+SI+1 % 11.97 daha yiiksek ¢ikmustir.
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Cerceve konstriiksiyonlu mobilya birlestirmeleri icin tasarlanan auksetik
kavelalarin saricam (Pinus sylvestris L.) ve kavak (Populus nigra L.)
kontrplak ile tutma mukavemeti

Erkan Ceylan®(®, Ali Kasal*"*, Jerzy Smardzewski*®) Mehmet Y tiksel*
Tolga Kuskun?

OZ: Bu calismada, gergeve konstrilksiyonlu mobilya birlestirmelerinde kullanilmak {izere
auksetik kavelalar tasarlanmis, (¢ boyutlu (3B) yazici teknolojisiyle tretilmis ve bu
kavelalarin Sarigam (Pinus sylvestis L.) ve 20 mm kalinligindaki kavak (Populus nigra L.)
kontrplak (KKP) ile tutma mukavemetleri arastirilmistir. Bu amagla, auksetik 6zellikli enine
kesit geometrisine sahip 4 farkli kavela tasarimi gergeklestirilmis ve 3B yaziciyla Polilaktik
Asit (PLA), Akrilonitril Butadiyen Stiren (ABS) ve Akrilonitril Stiren Akrilat (ASA)
filamentlerinden {iretilmistir. Tasarlanan kavelalarda, birlestirme sirasinda tutkal kullanimini
elimine etmek amaciyla dis yiizeyler disli olarak diibel seklinde tasarlanmistir. Calisma
kapsaminda, 2 aga¢ malzeme, 2 dis ylizey dis geometrisi, 2 auksetik desen tipi, 3 farkh
filament ve her bir gruptan 5 yineleme olmak tzere toplam 120 adet liflere paralel (kenardan)
cekme, 120 adette liflere dik (yiizeyden) ¢ekme deney 6rnegi hazirlanmis ve statik yiik altinda
test edilmistir. Deneyler sonucunda, ahsap malzemelerden KKP, filamentlerden de PLA en iyi
tutma mukavemetini verirken; auksetik kavelalardan ise tuc¢gen bigimli auksetik desene sahip
ve ikizkenar tiggen disli kavelalar ile en yiiksek tutma mukavemeti elde edilmistir.

Anahtar kelimeler: Auksetik, kavela, mobilya birlestirmesi, tutma mukavemeti.

Holding strength of auxetic dowels designed for frame furniture joints in scotch pine
(Pinus sylvestris L.) and poplar (Populus nigra L.) plywood

ABSTRACT: In this study, auxetic dowels were designed to be used in frame construction
furniture joints, produced with three-dimensional (3D) printer technology and the holding
strength of these dowels with Scots pine (Pinus sylvestis L.) and 20 mm thick poplar (Populus
nigra L.) plywood (KKP) was investigated. For this purpose, 4 different dowel designs with
auxetic cross-sectional geometry were developed and then, designed auxetic dowels were
produced with a 3D printer with Polylactic Acid (PLA), Acrylonitrile Butadiene Styrene
(ABS), and Acrylonitrile Styrene Acrylate (ASA) filaments (dowel material). In the designed
auxetic dowels, the outer surfaces are designed as threaded in order to eliminate the use of
glue during assembly. Within the scope of the study, a total of 120 parallel to grain (from
edge) and 120 perpendicular to grain (from surface) withdrawal test specimens, including 2
wood materials, 2 outer surface thread geometries, 2 auxetic pattern types, 3 different dowel
materials (filaments) and 5 replications from each group, were prepared and tested under
static load. As a result of the experiments, KKP among the wooden materials and PLA among
the filaments gave the best results; while the highest holding strength values have been
obtained with the dowels with a triangular auxetic pattern and isosceles triangular thread
among the auxetic dowels.

Keywords: Auxetic, dowel, furniture joint, holding strength.
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Ceylan ve ark., Mobilya ve Ahsap Malzeme Arastirmalart Dergisi, 7 (2), 188-203

1. Giris

Mobilya, mithendislik tasarimi agisindan, genellikle ¢ergeve konstriiksiyonlu mobilyalar,
kutu konstriiksiyonlu mobilyalar ve kombine konstriiksiyonlu mobilyalar olmak {izere ii¢ yap1
grubunda incelenmektedir. Uretiminde tablalarin kullanildigi mobilyalar kutu (panel), masif
cercevelerin yer aldigi mobilyalar cergeve (iskelet), her iki eleman tipinin de kullanildig:
mobilyalar ise kombine (karma) konstriiksiyonlu mobilyalar olarak tanimlanmaktadir.
Mobilya sistemlerinin mekanik davranis Ozellikleri, genellikle elemanlarin iretildigi
malzemeler ile bu elemanlar1 birbirine baglamada uygulanan birlestirme tekniklerine bagli
bulunmaktadir (Ors ve Efe, 1998; Eckelman, 2003). Gerek cerceve gerekse kutu
konstriiksiyonlu mobilyalarda kritik noktalarin birlestirmeler oldugu ve mukavemet
sorunlarmin genellikle birlestirme noktalarinda meydana geldigi bilinmektedir. Mobilya
sistemi, kullanim bi¢cimine gore, ¢esitli 6zelliklerde ve yonlerde yiiklere maruz kalmakta,
genellikle sistemi olusturan elemanlarm iiretiminde kullanilan malzemeler bu yiikleri
karsilayip birlestirmelere aktarmakta, birlestirme noktalar1 ise asir1 yiikleme durumlarinda
iizerlerine aldiklar1 bu yiikleri karsilayamayip basarisiz olmaktadirlar. Sonug olarak, mobilya
sistemlerindeki  birlestirmeleri saglayan baglant1 elemanlarmin, sistemin iretildigi
malzemelerle olan tutma mukavemeti sistemin bitununtin mukavemeti tizerinde son derece
etkilidir. Bu baglamda, mobilya sistemini olusturan birlestirmelerin mukavemet 6zelliklerinin
onceden tahmin edilmesi ve test/analiz edilmesi miihendislik/mukavemet tasarimi agisindan
cok onemlidir.

Mihendislikte kullanilan malzemelerin ¢ogu pozitif Poisson oranma sahipken, sinirli
sayidaki malzeme negatif Poisson oranmna sahiptir. Poisson orani, bir¢ok miihendislik
alaninda kullanilan malzemelerin yapisal davraniglarini belirlemeye yarayan en Onemli
Ozelliklerden birisidir. Poisson orani, bir malzemede normal gerilmelerin etkisinde, etkime
diizlemi igerisinde olusan birim deformasyonun, eksenel dogrultudaki birim deformasyona
orani olarak agiklanabilir. Bu oran endiistride kullanilan birgok malzemede pozitif degerde
olup, 0 ile 0,5 arasinda degerler almaktadir. Ancak, sinirli sayida da olsa bazi malzemelerde
Poisson orani negatif degerde olmakta ve bu malzemeler auksetik malzemeler olarak
adlandirilmaktadir. Auksetik malzemelere iliskin ilk deneysel c¢alismalar Lakes (1987)
tarafindan negatif Poisson oranina sahip foam (kopiik) yapilar iizerinde yapilmis ve negatif
Poisson oranina sahip malzemeler igin “auksetik™ terimi ilk olarak 1991 yilinda Ken Evans
tarafindan kullanilmistir (Evans ve ark., 1991). Auksetik malzemeler, pozitif Poisson oranina
sahip diger malzemelerin tersine olaganiistii bir 6zellik olarak c¢ekme gerilmesi altinda
genisleyip basing gerilmeleri altinda daralirlar. Pozitif Poisson oranina sahip malzemeler boy
yoniinde ¢ekildik¢e, boyuna yonde uzayip enine yonde incelmekteyken, negatif Poisson
oranina sahip olan auksetik malzemeler ise ayn1 yiikleme kosularinda boyuna yonde uzarken,
ilging bir sekilde enine yonde de kalinlagsmaktadir (Sekil 1). Auksetik malzemeleri 6zel kilan
temel 6zellik budur ve akilli malzeme Uretiminde yeni ufuklar agma potansiyeline sahiptir.

—

Sekil 1. Geleneksel ve auksetik malzemelerin eksenel ¢gekme yiikii altindaki sekil
degistirmeleri (Lim, 2015)
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Auksetik malzemelere olan ilgi son yillarda gittikgce artmakta, dzellikle de malzemelerin
birgok temel 6zelligi lizerinde etkisi olan Poisson oraninin, geleneksel malzemelerin aksine
auksetik malzemelerde negatif degerde olmasinin bu malzemelere sagladigi bir¢ok iistlin
ozellik, bu malzemelerin miihendislik uygulamalarinda kullanilmasina yonelik arastirmalar1
tesvik etmektedir. Auksetik malzemelerin mobilya sektoriinde uygulanmasina yonelik olarak
calismalar ¢ok smirlidir. Ozellikle de, sandalye, koltuk iskeleti gibi ¢erceve konstriiksiyonlu
mobilya birlestirmelerinde auksetik baglant1 elemanlarinin denendigi, auksetik 6zelligin
baglant1 elemanlarinin enine kesitinde tasarlanan desenlerle saglandigi bir calismaya
rastlanmamustir. Literatlirde incelenen ¢alismalarda ozetle, ev i¢i ve ofis kullanimlar: ic¢in
kullanilan oturma mobilyalarinin désemelerinde konforu ve dayanikliligi arttirmak amaciyla
negatif Poisson oranmna sahip farkl auksetik helezonik yay tasarimlari yapilmis, niimerik
olarak modellenmis ve laboratuvar kosullarinda uzun siireli yorma ve statik yiikleri altinda
test edilmislerdir. Sonug olarak, auksetik 6zellikteki helezonik yay tasarimlarinin geleneksel
doseme malzemelerine alternatif olarak, oturma mobilyalarmin doseme sistemlerinde
kullanilabilecegini ve bu sayede daha konforlu ve dayanikli doseme sistemleri elde edilecegi
bildirilmistir (Smardzewski ve ark., 2013; Smardzewski, 2013a; Smardzewski ve Prekrat,
2011). Smardzewski (2013b) bir diger calismasinda, kutu mobilyalar i¢in, auksetik 6zellikte
hiicresel yapida hafif ahsap panel malzemeler gelistirmis ve bazi mekanik ozelliklerini
belirlemistir. Ayrica, modelleme ve deneye dayali olarak yapilan diger bir ¢alismada da,
auksetik Ozellikli hafif petek dokulu ahsap sandvi¢ kompozit (ahsap tozu ve poliaktik asit
karigimi) levhalar gelistirilmis ve bu malzemelerin elastik O6zellikleri belirlenmistir
(Smardzewski ve ark., 2018). Yapisal baglanti elemanlarinda auksetik malzeme kullanimina
iliskin, govde yuzeylerine desen uyarlanarak auksetik ¢ivi tasarlanip tretilen bir ¢alismaya
ulasilmistir (Ren ve ark., 2018). Panel tipi mobilyalar icin govde yiizeyleri auksetik desenlerle
tasarlanmis baglant1 elemanlarinin montaj kuvvetlerinin, dogrusal ¢cekme mukavemetlerinin
ve panel mobilya kose birlestirmelerdeki performanslarmin arastirildigi ¢alismalar
yiriitiilmistiir. Bu c¢aligmalarin sonucunda, bazi gelistirmeler yapilmasi halinde auksetik
baglant1 elemanlarinin geleneksel baglant1 elemanlarina alternatif olarak panel mobilya
birlestirmelerinde kullanilabilecegi ve 3B yazic1 teknolojisinin baglanti elemanlarinin
mukavemetinde son derece etkili oldugu bildirilmistir (Kasal ve ark., 2020; Kuskun ve ark.,
2021, Kasal ve ark., 2023).

Bu calismada, mobilya miihendislik tasarimi siirecindeki mukavemet tasarimi
adimlarmdan, birlestirme ve baglant1 eleman1 tasarimi1 adimi gerceklestirilmistir. Ozellikle
cergeve konstrikksiyonlu mobilya birlestirmeleri icin; kolay c¢akilip zor sokiilebilecegi
ongoriilen, auksetik Ozellikte, inovatif, disaridan goriinmeyen, kolay montaj saglayan
alternatif kavela tasarimlar1 yapilmis ve bunlarin ger¢eve konstriiksiyonlu mobilya {iretiminde
kullanilan ahsap malzemeler ile tutma mukavemetleri arastirilmistir. Calismanin temel amaci,
cerceve konstriiksiyonlu koltuk iskeleti birlestirmelerinde kullanilmak iizere, auksetik
kavelalar gelistirilmesi ve bu kavelalarin performanslarinin degerlendirilmesidir. Bu temel
amaca ulagmak i¢in belirlenen hedefler:

e Farkli enine kesit geometrisinde auksetik kavelalarin tasarlanmasi ve 3B modellenmesi,

e Auksetik kavelalarm mekanik ve elastik 0Ozelliklerinin nimerik analizlerle ve
deneylerle belirlenmesi,

e Auksetik kavelalarin ii¢ boyutlu yazici teknolojisiyle tretilmesi,

o Auksetik kavelalarin Saricam ve KKP ile tutma mukavemetlerinin deneyler ile
belirlenmesidir.
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2. Materyal ve Metot
2.1. Materyal
2.1.1. Ahsap malzeme ve filamentler

Kavela tutma deneyi orneklerinin hazirlanmasinda masif aga¢ malzeme olarak, cergeve
konstriiksiyonlu mobilya iiretiminde yaygin olarak kullanilan Sarigam (Pinus sylvestris L.) ve
ahsap esasli levha olarak 20 mm kalinliginda 11 katmanli kavak (Populus nigra L.) kontrplak
tercih edilmistir. Ahsap malzemeler piyasadan tesadiifi olarak temin edilmistir. Malzemelerin
seciminde, masif aga¢ malzemenin ve kontrplak levhanin kusursuz olmasina dikkat edilmistir.
Sarigam ve kavak kontrplak malzemelerin rutubet (TS ISO 13061-1), yogunluk (TS ISO
13061-2,), egilme direnci (TS ISO 13061-3) ve elastikiyet modili (TS 1SO 13061-4)
degerleri de ilgili standartlara uygun olarak testlerle belirlenmistir.

Auksetik kavela iiretimleri i¢in, 6n arastirma yapilmis ve iiretim i¢in uygun olabilecek 3
farkli Filament (kavela malzemesi) polilaktik asit (PLA), akrilonitril butadiyen stiren (ABS)
ve akrilonitril stiren akrilat (ASA) olarak belirlenmistir. Yapilan 6n arastirmada, kullanilmasi
planlanan filamentlerin biyo-bazli/biyo-bozunur olmasi, ¢evresel etkileri, insan saghgimna
etkileri, mukavemeti, maliyeti ve hem 3B yazict hem de enjeksiyon kaliplama yontemiyle
uretilebilmesi gibi hususlar goz 6niinde bulundurulmustur. PLA, ABS ve ASA filamentlerinin
yogunluklart ve ASTM D3039/D3039M—-17 standardinda belirtilen prensiplere gore ¢ekme
direngleri ile cekmede elastikiyet modiilii degerleri belirlenmistir.

2.2. Metot
2.2.1. Auksetik kavela tasarimlarinin gergeklestirilmesi

Calisma kapsaminda, kavela enine kesit tasarimlarina uyarlanmak iizere, 6ncelikle auksetik
desenler belirlenmis, daha sonra da, gelistirilen auksetik desenler kavela enine kesitlerine
uygun tasarimlara doniistirilmiistiir (Sekil 2).

(a) (b)

Sekil 2. Kavela enine kesitlerinde kullanilan auksetik desenler (Lim, 2015)

Calismanin bu asamasida, Sekil 2a ve b’deki auksetik desenlerden uyarlanarak kavela
enine kesit tasarimlar1 yapilmis ve 3B olarak modellenmistir. Modellemelerde Autocad
Inventor programindan yararlanilmistir. Auksetik kavela tasarimlarinda, desen yapisinin
kavela tliretimine en uygun teknolojik parametrelere sahip olmasina dikkat edilmistir.

Calisma kapsaminda, 2 farkli enine kesit yapisina sahip, 40 mm boyunda ve 10 mm
capinda kavelalar tasarlanmistir. Kavela Olgiilerinin belirlenmesinde, kavela yapisina auksetik
ozelligin kazandirilabilmesi i¢in gerekli minimum olgiiler dikkate alinmistir. Tasarlanan
kavelalarin dig yiizeyleri disli olarak diibel seklinde diisiinlilmiis ve bu sayede tutkalsiz bir
birlestirme yapma imkani saglanmistir. Dis yiizeylerdeki disler icin dik iiggen ve ikizkenar
ticgen seklinde 2 farkl dis tipi tasarimi yapilmistir. Dik tliggen ve ikizkenar {iggen tipindeki
dis geometrilerinde, dis derinligi ve dis adimi 6lgiileri i¢in bir 6n ¢alisma yapilarak optimum
dis adiminin 2 mm, dis derinliginin ise 0,3 mm oldugu belirlenmis ve tasarlanan kavelalarin
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dig yiizeylerindeki disler bu Olgiilere uygun olarak yapilmistir (Sekil 3a, b). Kavelalar,
auksetik davranigin elde edilebilmesi adina desen yiizeyine dik olan boyuna yonde tamamen
bosluklu olacak sekilde tasarlanmistir. Olusturulan deneme deseninde, 2 farkl auksetik desen
tipi (liggen bi¢imli, yildiz bigimli) ve 2 farkli dis tipi (dik tiggen konik digli, ikizkenar liggen
konik disli) ¢alismanin bagimsiz degiskenleri olarak ele alinmistir (Cizelge 1).

Cizelge 1. Auksetik kavela tasarimlari i¢in olusturulan deneme deseni

No Kavela Kodu Kavela Dis Tipi Auksetik Desen Tipi
1 DU-UB o - Ucggen bicimli (UB)
2 DU-YB Dik liggen konik disli (DU) Yildiz bicimli (YB)
3 iU-UB o ) o i Ucggen bicimli (UB)
4 iU-YB Ikizkenar tiggen konik disli (IU) Yildiz bicimli (YB)

Sonug olarak, 4 farkli auksetik kavela tasarimi yapilmistir. Olusturulan bu deneme
desenine gore modellenen kavelalar Sekil 3¢’ de gosterilmistir.

03 0,3 = ‘ (=
T H i
12 \ 2 ,
. _J L l——) X
\
_l DU-UB i0-08 DU-YB i-vB
a. b. (c)

Sekil 3. Kavela dis ylizeylerindeki ikizkenar (a) ve dik (b) liggen seklindeki dis tiplerinin
geometrik yapilar1 ve tasarlanan kavela drnekleri (c)

Tasarlanan auksetik kavelalarin kesitinde, en yiiksek mukavemet ve negatif Poisson
oranini veren optimum boyutlar1 optimizasyon ile belirlenmistir (Kuskun ve ark., 2023).
Auksetik kavelalar iiretilmeden once, her auksetik desene sahip kavelanin sonlu elemanlar
yontemiyle ¢alisan bir yapisal analiz programi olan “Abaqus” programinda niimerik analizleri
gergeklestirilerek Poisson oranlarinin negatif oldugu, bir baska ifade ile auksetik davranis
gosterdikleri dogrulanmaistir.

Gelistirilen auksetik kavela tasarimlarinin, elastik (auksetik) 6zelliklerinin belirlenmesi
icin sadece nlimerik analizler degil, ayn1 zamanda analitik hesaplamalar ve tek eksenli basing
deneylerinden de yararlanilmistir. Sonug olarak, sirasiyla liggen ve yildiz bigimli auksetik
desenli kavelalar icin, hem deneylerde (-0,261, -0,282), hem niimerik analizlerde (-0,285, -
0,313), hem de analitik hesaplamalarda (-0302, -0,341) negatif Poisson orani degerleri elde
edilmistir (Kuskun ve ark., 2023).

2.2.2. Auksetik kavelalarin 3b yaziciyla iiretimi

Auksetik kavelalar {i¢ boyutlu yaziciyla iiretilecek olmasina karsin, kavelalarin tasariminda
ayni zamanda seri liretime uygun olan enjeksiyon kaliplama ydntemiyle de iiretilebilecek
ozelliklere sahip olmasma dikkat edilmistir. Uretim igin, oncelikle Autocad Inventor
programinda ii¢ boyutlu olarak modellenen auksetik kavela ornekleri, {i¢ boyutlu yazicilarda
yaygm olarak kullanilan STL (streolithography) formatina doniistiirilmiistiir. Bu asamadan
sonra, olusturulan ii¢ boyutlu modellere iligkin dosyalar {i¢ boyutlu yazic1 ile tiretilebilir hale
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getirilmistir. Uretimler, kapal sistemde ¢alisan bir 3B yazici ile gergeklestirilmistir. Auksetik
kavelalarin iiretiminde, her bir parametre i¢in firma Onerilerinde verilen araliklar dikkate
alinmig, ancak bu araliklardaki en basarili sonuglarin hangi noktalarda alinacaginin
belirlenmesi i¢in 6n denemeler gergeklestirilmistir. Buna goére, PLA, ABS ve ASA
filamentleri ile kavela iiretimi i¢in optimum degerler belirlenmistir (Cizelge 2).

Cizelge 2. Auksetik kavelalarin 3B yaziciyla iiretiminde kullanilan optimum dokiim degerleri

Filament Nozzl?OSC1§akllg1 Tabla Sicakligi (°C)  Doluluk Oram (%) Kalﬁ?fg ?S’Im)
PLA 220 70 90 0,1
ABS 240 90 90 0,1
ASA 260 90 90 0,1

Kavelalar, katmanlar kavelanin boyuna eksenine dik yonde olacak sekilde dokiilebilmistir.
Bir baska ifadeyle, liretim sonucunda kavelalar tabla yiizeyine dik pozisyonda durmaktadir
(Sekil 4).

Sekil 4. Auksetik kavelalarin 3B yazic1 ile iiretimi
2.2.3. Auksetik kavelal deney 6rneklerinin hazirlanmasi

Auksetik kavela tutma deneyi 6rnekleri, 75 x 75 mm 6lgiilerinde ve levha kalinhiginda (20
mm) hazirlanmistir. Deney Ornekleri i¢in kullanilacak kavelalar, deney cihazinda c¢ekme
kuvvetlerinin kolayca uygulanabilmesi icin 6zel olarak dikdortgenler prizmasi baslikli
iretilmistir (Sekil 5). Calisma kapsaminda, 2 ahsap malzeme, 4 auksetik kavela tipi, 3 kavela
malzemesi ve her bir 6rnekten 5 yineleme olmak Uzere toplam 120 adet liflere paralel
(kenardan), 120 adette liflere dik (ylizeyden) deney 6rnegi hazirlanmig (toplamda 240 deney
Ornegi) ve test edilmistir. Ayrica, her bir kavela malzemesi ve dis yiizey dis tipi i¢cin olmak
iizere yine 5 yineleme olacak sekilde (2 x 2 x 3 x 5 =30) 60 adet liflere paralel (kenardan) 60
adet liflere dik (ylzeyden) olmak Uzere 120 adet de auksetik olmayan (kontrol) kavelasi
hazirlanmis ve test edilmistir. Deney ornekleri, deneylerden 6nce 20 °C £2 sicaklik ve % 65
+3 bagil nem kosullarindaki iklimlendirme dolabinda denge rutubetine (yaklasik %12)
ulagincaya kadar bekletilmistir.

2.2.4. Auksetik kavelalarin masif ahsap ve ahsap esash levha ile tutma mukavemeti

Auksetik ve kontrol kavelalarinin iretilmesinden sonra, bu kavelalarin, c¢ergeve
konstriiksiyonlu mobilya iiretiminde kullanilacak olan Sarigam (Pinus sylvestris L.) ve 20 mm
kalmligindaki kavak (Populus nigra L.) kontrplak ile liflere paralel (levha kenarindan) ve
liflere dik (levha yuzeyinden) yonde tutma mukavemetleri belirlenmistir.
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Auksetik ve kontrol kavelalarin masif ahsap ve ahsap esasli levha ile hem liflere dik
(yuzeyden) hem de liflere paralel (kenardan) tutma mukavemetine iliskin deney ornekleri ve
yiik uygulama bi¢imleri Sekil 5° de gdsterilmistir.

A .

_——

a. b.

Sekil 5. Liflere dik/ytizeyden (a) ve liflere paralel/kenardan (b) kavela tutma mukavemeti
deney ornekleri

Kavela tutma mukavemeti icin, dncelikle kavelalar liflere dik (yizeyden) 15 mm, liflere
paralel (kenardan) ise 25 mm olacak sekilde monte edilmistir (Ceylan ve ark., 2024). Bu
calismada, kavela tutma mukavemeti, monte edilmis kavelanin geri ¢ikma animdaki
maksimum ¢ekme kuvveti (N) olarak belirlenmistir. Deneyler, 5 ton kapasiteli iniversal test
cihazinda gergeklestirilmistir. Deney cihazinin yiikleme hizi 6 mm/dak olarak ayarlanmistir.

2.2.5. Istatistiksel analizler

Verilerin istatistiksel olarak degerlendirilmesinde, Saricam ve KKP malzemelerde; kavela
dis tipi, auksetik desen tipi ve filament ana faktorlerinin (bagimsiz degiskenler) ve bu
faktorlerin goklu etkilesimlerinin kavela tutma mukavemeti degerleri tizerindeki etkilerinin
belirlenmesi i¢in ¢oklu varyans analizleri (MANOVA) ger¢eklestirilmistir. Deney sonucglaria
gore, KKP ornekler Saricam orneklere gore belirgin sekilde yiiksek mukavemet degerleri
verdigi icin istatistiksel analizlerde ahsap malzeme bir faktor (bagimsiz degisken) olarak
hesaba alinmamis, varyans analizleri Saricam ve KKP gruplar1 i¢in ayr1 ayri yapilmistir. Buna
gore, coklu varyans analizleri ti¢ faktorlii olarak gergeklestirilmistir.

MANOVA sonuglarma gore, 0,05 hata payr ile anlamli bulunan ana faktér ve
etkilesimlerin bagar1 siralamalar1 i¢in ise en kiiclik 6nemli fark (LSD: Least significant
difference) testlerinden yararlanilmustir. Istatistiksel analizler i¢in “Minitab” programi
kullanilmustir.

3. Bulgular ve Tartisma
3.1.  Ahsap malzeme ve filamentlerin baz fiziksel ve mekanik 6zellikleri

Deney orneklerinin hazirlanmasinda kullanilan Saricam ve KKP malzemeler ile kavela
iretiminde kullanilan filamentlerin ¢alisma kapsamindaki deneylerle belirlenen bazi fiziksel
ve mekanik 6zelliklerine iliskin sonuglar Cizelge 3’ de verilmistir.

3.2. Kavela tutma mukavemeti

Kavela tutma deneylerinde, PLA kavelalarin tamaminda gdzlenen deformasyon bigimi,
beklendigi gibi kavelalarin delikten geri ¢gikmasi seklinde gergeklesmistir. Ayn1 deformasyon
bi¢cimi, ABS ve ASA kavelalarin biiyiik ¢ogunlugunda gézlenmesine karsin, birkag ABS ve
ASA kavela ¢ekme kuvveti altinda koparak deformasyona ugramustir (Sekil 6).
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Cizelge 3. Deney malzemelerinin fiziksel ve mekanik ozellikleri (Ceylan ve ark., 2024)

Test Yogunluk Egilme Direnci E. Elastikiyet
Ahsap Malzeme o, ot 06)  (glem?) (N/mm?) Modalii (N/mm?)
Saricam 10.8 0.45 89 11200
KKP 9.3 0.38 35 4800
Filament i} Gekme Direnci  Cekmede Elastikiyet
(N/mm?) Maodiilii (N/mm?)
PLA - 1.24 50 937
ABS 1.04 36 147
ASA 1.05 39 797

Filament, kavela dis tipi ve auksetik desen tipinin, Sarigam ve KKP malzemelerin liflere
paralel/kenardan kavela tutma mukavemeti degerleri iizerindeki etkilerine iliskin olarak
yapilan ¢oklu varyans analizi sonuglar1 Cizelge 4’de verilmistir.

Cizelge 4. Sarigam ve KKP malzemelerin liflere paralel/kenardan kavela tutma mukavemeti
degerlerine iligkin varyans analizi

Varyans Serbestlik Kareler Kareler F . H.ata .
Deney . . . Ihtimali
Kaynaklar1 Derecesi Toplam Ortalamasi Degeri (p<0.05)
_ _Saricam
SZ M 2 235930 117965 48.25 0.000
=g KDT 1 3145 3145 1.29 0.262
X £ ADT 1 279996 279996 114.52 0.000
=<z FMxKDT 2 24246 12123 4.96 0.011
3 é FM x ADT 2 37316 18658 763 0.001
© KDT x ADT 1 43596 43596 17.83 0.000
2 g FM x KDT x ADT 2 85674 42837 17.52 0.000
J 2 Hata 48 117361 2445 - 0.000
Toplam 59 827264 - - 0.000
« Kavak Kontrplak
g FM 2 2554814 1277407 200.38 0.000
0~
==z KDT 1 1089 1089 0.17 0.681
= = ADT 1 511765 511765 80.28 0.000
= & FMxKDT 2 274427 137213 21.52 0.000
§ % FM x ADT 2 63016 31508 4.94 0.011
g X KDTxADT 1 990 990 0.16 0.695
g = FMxKDTxADT 2 212627 106313 16.68 0.000
2 Hata 48 306002 6375 - 0.000
Toplam 59 3924730 - - 0.000
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Cizelge 4’c¢ gore, denemeye alnan ana faktorlerden filament ve auksetik desen tipinin,
auksetik kavelalarm hem Saricam hem de KKP ile liflere paralel/kenardan tutma mukavemeti
iizerindeki etkisi 0,05 hata payi ile anlamli bulunurken, kavela dis tipinin etkisi istatistiksel
olarak anlamsiz bulunmustur. Sarigam ve KKP malzemelerin liflere paralel/kenardan kavela
tutma mukavemeti i¢in yapilan ikili etkilesimlerde, KKP malzeme icin kavela dis tipi—
auksetik desen tipi etkilesimi disindaki tiim ikili etkilesimler de 0,05 yanilma olasilig1 i¢in
anlamlidir. Her iki malzemede de, filament—kavela dis tipi—auksetik desen tipi Ucli
etkilesiminin liflere paralel/kenardan kavela tutma mukavemeti iizerindeki etkisi 0,05 hata
olasilig1 i¢in 6nemlidir. F-degerleri incelendiginde, auksetik kavelalarin Saricam ile liflere
paralel yondeki tutma mukavemetinde en etkili faktor auksetik desen tipi olurken, KKP ile
kenardan tutma mukavemetindeki en etkili faktoriin filament tipi oldugu belirlenmistir.

Filament, kavela dis tipi ve auksetik desen tipinin, Sarigam ve KKP malzemelerin liflere
dik/yuzeyden kavela tutma mukavemeti degerleri iizerindeki etkilerine iligkin olarak yapilan
coklu varyans analizi sonuglar1 Cizelge 5°de verilmistir.

Cizelge 5. Sarigam ve KKP malzemelerin liflere dik/yiizeyden kavela tutma mukavemeti
degerlerine iligkin varyans analizi

Deney Varyans Serbestli!< Kareler Kareler If . ihlji?:nzli
Kaynaklan Derecesi Toplam Ortalamasi Degeri (p<0.05)
- Sarigam
= FM 2 719628 359814 131.08 0.000
F S KDT 1 61 61 0.02 0.883
S = ADT 1 609540 609540 222.05 0.000
5 2 FMxKDT 2 43632 21816 7.95 0.001
v % FM x ADT 2 82129 41065 14.96 0.000
O X KDTxADT 1 10755 10755 3.92 0.054
$ = FMxKDTxADT 2 84196 42098 15.34 0.000
E Hata 48 131762 2745 - 0.000
Toplam 59 1681703 - - 0.000
- Kavak Kontrplak
1= FM 2 1559117 779558 182.84 0.000
=< KDT 1 23684 23684 5.56 0.023
= = ADT 1 397779 397779 93.30 0.000
2 € FMxKDT 2 124160 62080 14.56 0.000
X S FMxADT 2 33514 16757 393 0.026
8 x KDTxADT 1 3554 3554 0.83 0.366
GN>)\ = FMxKDT x ADT 2 34929 17464 4.10 0.023
~ Hata 48 204651 4264 - 0.000
Toplam 59 2381388 - - 0.000

Cizelge 5° ye gore, denemeye alinan ana faktorlerden filament, kavela dis tipi ve auksetik
desen tipinin, auksetik kavelalarin KKP ile yiizeyden tutma mukavemeti {izerindeki etkileri
0,05 hata pay1 ile anlamli bulunurken, kavela dis tipi faktoriiniin etkisi Saricam ile liflere dik
yonde istatistiksel olarak Onemsiz bulunmustur. Sarigam ve KKP malzemelerin liflere
dik/ylizeyden kavela tutma mukavemeti i¢in yapilan ikili etkilegsimlerde, her iki malzeme igin
de kavela dis tipi—auksetik desen tipi etkilesimi disindaki tiim ikili etkilesimler 0,05 yanilma
olasilig1 i¢in anlamhidir. Her iki malzemede de filament—kavela dis tipi—auksetik desen tipi
tclii etkilesimlerinin liflere dik/yilizeyden kavela tutma mukavemeti tizerindeki etkileri 0,05
hata pay1 ile 0nemlidir. Burada da liflere paralel/kenardan kavela tutma mukavemetinde
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oldugu gibi, F-degerlerine gore auksetik kavelalarin Sarigam ile liflere dik yondeki tutma
mukavemetinde en etkili faktor auksetik desen tipi, KKP ile yiuzeyden tutma
mukavemetindeki en etkili faktor ise filament olarak bulunmustur.

Kavela dis tipi ve auksetik desen tipi dikkate alinarak filament tipi ana faktoriiniin, Sarigam
ve KKP deney orneklerinin liflere paralel/kenardan ve liflere dik/ylzeyden kavela tutma
mukavemeti degerlerine etkilerine ait ortalamalarin karsilagtiriimasi Cizelge 6’ da verilmistir.

Cizelge 6. Filament tipine gore liflere paralel/kenardan ve liflere dik/ylizeyden kavela tutma
mukavemeti ortalamalarin karsilastirilmast

Liflere Paralel Kavela Kenardan Kavela Liflere Dik Kavela Y Uzeyden Kavela
= Tutma Mukavemeti Tutma Mukavemeti Tutma Mukavemeti Tutma Mukavemeti
g (N) (N) (N) (N)

t_s Sarigam Kavak Kontrplak Sarigam Kavak Kontrplak
Kot HG Xort HG Xort HG Xort HG
PLA 390.81 A 805.39 A 527.44 A 699.01 A
ASA 270.01 B 380.34 B 321.65 B 410.60 B
ABS 248.24 B 356.00 B 275.52 C 321.24 C
Xort: Ortalama deger HG: Homojenlik grubu

Filament tipi i¢in basar1 siralamasi; her iki malzemede de hem liflere paralel/kenardan hem
de liflere dik/ylzeyden kavela tutma mukavemeti icin PLA, ASA ve ABS seklindedir. PLA
kavelalar, ABS ve ASA kavelalara belirgin bir {stiinlik saglamistir. Ancak, liflere
paralel/kenardan kavela tutma mukavemetinde ASA ve ABS arasindaki farklar istatistiksel
olarak anlamsizdir. Filamentlerin yogunluk, ¢ekme direnci ve ¢ekmede elastikiyet moduli
degerlerindeki basar1 siralamasi da aynidir. Burada, kullanilan filamentlerin fiziksel ve
mekanik 6zelliklerinin - mukavemet {izerinde olumlu etkisinin oldugu net olarak
goriilmektedir. Bosluklu yapida enine kesiti olan auksetik kavelalarda, 6zellikle cekme direnci
ve elastikiyet modiiliiniin kavela tutma mukavemetinde 6nemli rol oynadigi sdylenebilir.

Kavela dis tipinin, Saricam ve KKP deney 6rneklerinin liflere paralel/kenardan ve liflere
dik/ylizeyden kavela tutma mukavemeti degerlerine etkilerine ait ortalamalarin
karsilagtirilmasi Cizelge 7°de verilmistir.

Cizelge 7. Kavela dis tipine gore liflere paralel/kenardan ve liflere dik/ylizeyden kavela tutma
mukavemeti ortalamalarinin karsilastirilmasi

Liflere Paralel Kavela Kenardan Kavela Liflere Dik Kavela Y lizeyden Kavela

é’ Tutma Mukavemeti Tutma Mukavemeti Tutma Mukavemeti Tutma Mukavemeti
53 (N) (N) (N) (N)

2 = Sarigam Kavak Kontrplak Sarigam Kavak Kontrplak
“ Kort HG Kort HG Kort HG Kort HG
DU 310.26 NS 518.17 NS 373.87 NS 457.08 B

j10] 295.78 NS 509.65 NS 375.88 NS 496.82 A
DU: Dik iiggen 1U: ikizkenar iicgen NS: Onemsiz

Varyans analizi sonuclarina gore (Cizelge 4), kavela dis tipinin Saricam ve KKP
malzemelerin liflere paralel/kenardan ve liflere dik kavela tutma mukavemeti Uzerindeki
etkilerinin anlamsiz oldugu belirlenmistir. Bir bagka ifadeyle, kavelalarin dis yiizeylerindeki
dis geometrisinin dik ti¢gen ya da ikizkenar TUggen seklinde olmasi kavela tutma
mukavemetini etkilememistir. Bununla birlikte, KKP malzemenin yiizeyden kavela tutma
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mukavemetinde ise kavela dis ylizeyindeki dis geometrisinin ikizkenar tiggen seklinde olmasi
ile mukavemetin dik liggen seklinde olmasina gore yaklasik %9 arttig1 belirlenmistir.

Auksetik desen tipinin, Saricam ve KKP deney Orneklerinin liflere paralel/kenardan ve
liflere dik/ylizeyden kavela tutma mukavemeti degerlerine etkilerine ait ortalamalarin
karsilastirilmasi Cizelge 8’de verilmistir.

Cizelge 8. Auksetik desen tipine gore liflere paralel/kenardan ve liflere dik/yuzeyden kavela
tutma mukavemeti ortalamalarinin karsilastirilmast

Liflere Paralel Kenardan Kavela Liflere Dik Kavela Y Uzeyden Kavela
X Kavela Tutma Tutma Mukavemeti ~ Tutma Mukavemeti ~ Tutma Mukavemeti
2 &5 Mukavemeti (N) (N) (N) (N)
?? ar Saricam Kavak Kontrplak Sarigam Kavak Kontrplak
Xort HG Xort HG Xort HG Xort HG
UB 371.33 A 606.26 A 475.66 A 558.37 A
YB 234.70 B 421.55 B 274.08 B 395.53 B
UB: Ucgen bigimli YB: Yildiz bigimli

Auksetik desen tipine gore yapilan karsilastirmalar sonucunda, tiggen bi¢imli kavelalarin,
hem liflere paralel/kenardan hem de liflere dik/ylzeyden kavela tutma mukavemeti
degerlerinde yildiz bicimli kavelalara belirgin bir iistiinliik sagladig1 goriilmiistiir. Uggen
bicimli auksetik desene sahip kavelalar yildiz bigimli auksetik desene sahip kavelalardan;
Saricam malzemede ortalama %65, KKP malzemede ise %43 daha mukavemetli ¢ikmislardir.

Filament, kavela dis tipi ve auksetik desen tipi ana faktorlerinin, Sarigam ve KKP deney
orneklerinin liflere paralel/kenardan ve liflere dik/ylizeyden tutma mukavemeti degerleri
Uzerindeki etkilerine ait ortalamalarin karsilastiriimasi Cizelge 9°da verilmistir.

Cizelge 9. Filament — kavela dis tipi — auksetik desen tipi {iglii karsilastirma sonuglar1

Llf|?<l’:VF;?.;a|e| Kenardan Kavela Liflere Dik Kavela Y lizeyden Kavela

. Tutma Mukavemeti Tutma Mukavemeti  Tutma Mukavemeti
Tutma Mukavemeti (N) (N) (N)
FM-KDT- (N)

ADT
Sarigam Kavak Kontrplak Sarigam Kavak Kontrplak

X VOO HG  Xou V) HG  Xu VOO HG  Xe V®) HG
PLA-DU-UB 549.3 16.8 A 9987 146 AB 6786 124 A 7014 151 B
PLA-DU-YB 2061 131 GH 5336 133 CD 3384 183 CD 5392 143 C
PLA-IU-UB 4179 103 B 9888 102 A 6376 32 A 8069 144 A
PLA-IU-YB 3924 201 B 8044 197 B 4551 238 B 7486 152 AB
ASA-DU-UB 2943 164 DE 3826 136 C 3129 638 DE 4979 72 CD
ASA-DU-YB 246.2 148 EFG 3073 191 F 2881 128 DEF 2975 81 FG
ASA-IU-UB 3139 79 CD 3571 138 EF 4022 338 BC 4768 86 CD
ASA-IU-YB 225.6 8.1 FG 2904 16.9 F 2579 104 EF 3703 133 EF
ABS-DU-UB 3826 167 BC 3826 116 EF 3923 35 BC 4393 31 DE
ABS-DU-YB 1928 166 GH 4243 81 E 2329 147 F 2672 91 G
ABS-1U-UB 279.6 157 DEF 4479 58 DE 4049 11 BC 4281 54 DE
ABS-iU-YB 1477 151 H 1692 111 G 71.9 147 G 1503 1438 H

FM: Filament KDT: Kavela dis tipi ADT: Auksetik desen tipi v: Varyasyon katsayist
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Genel olarak, auksetik oOzellikteki kavelalarin tutma mukavemetinin KKP malzemede
Sarigam malzemeye gore liflere paralel/kenardan yonde ortalama %068, liflere dik/ylizeyden
yonde ise ortalama %34 daha yiiksek oldugu goriilmiistiir. Auksetik kavelalarin Saricam ile
tutma mukavemetinde, liflere dik yondeki mukavemet liflere paralel yondeki tutma
mukavemetine gore daha yiiksek degerler vermistir. Burada, auksetik kavelalarin dis
yiizeylerindeki dislerin liflere paralel yonde iyi tutunamayip liflerin arasindan nispeten daha
kolay siyrildigy, liflere dik yonde ise dislerin konik geometrik yapisi nedeniyle yillik halka
katmanlarina daha iyi tutundugu ve bu nedenle daha yiiksek mukavemet gosterdigi
diistiniilmektedir. Auksetik kavelalarin KKP malzemedeki tutma mukavemetinde ise, genel
anlamda kenardan tutma mukavemeti degerlerinde yiizeyden tutma mukavemeti degerlerine
gore az da olsa daha yliksek sonuclar elde edilmistir.

Hem Sarigam hem de KKP malzemede en yiiksek tutma mukavemeti degerlerinin elde
edildigi kavelalar PLA-DU-UB, PLA-IU-UB ve PLA-IU-YB olarak siralanmistir. Burada,
PLA filamentin ASA ve ABS filamentlere istiinliigli géze c¢arpmaktadir. Ayrica, iliggen
bi¢cimli auksetik desenin, yildiz bi¢cimli desene gore daha iyi sonuglar verdigi goriilmektedir.
Deney sonuglarma gore, en diisiik mukavemet ABS-IU-YB ve ABS-DU-YB kavelalar ile elde
edilmistir.

Calisma kapsaminda, auksetik kavelalar ile kontrol kavelalarinin tutma mukavemeti
acisindan karsilastirilmast da yapilmistir. Her bir kavela grubu icin test edilen kontrol
kavelalarina iligkin ortalama tutma mukavemeti degerleri varyasyon katsayilar: ile birlikte
Cizelge 10°da verilmistir.

Cizelge 10. Kontrol kavelalarmin tutma mukavemeti degerlerine iliskin ortalamalar

Liflere Paralel Liflere Dik

Kavela Kenardan Kavela Ylzeyden
Tutma Kavela Tutma Tutma Kavela Tutma
FM-KDT-ADT Mukavemeti (N) Mukavemeti (N) Mukavemeti (N) Mukavemeti (N)
Sarigam Kavak Kontrplak Sarigam Kavak Kontrplak
xOrt V (%) XQrt V (%) Xort V (%) xOrt V (%)
PLA-DU-KONTROL 513.4 18.6 894.7 7.1 832.4 3.7 863.3 6.8

PLA-IU-KONTROL 392.4 25 961.4 19.4 899.1 0.7 931.9 5.3
ASA-DU-KONTROL 489.6 8.2 566.5 10.3 743.4 0.3 699.8 4.9
ASA-IU-KONTROL 487.2 17.2 604.9 221 427.7 4.8 873.1 7.9
ABS-DU-KONTROL 392.9 2.6 627.8 15.6 583.7 7.6 558.1 10.7
ABS-1U-KONTROL 421.8 4.6 804.4 24 4415 13.3 544.5 13.5

Kontrol kavelalarnin tutma mukavemetleri incelendiginde, KKP malzemedeki tutma
mukavemetinin Sarigam malzemedeki tutma mukavemetine gore %35 daha yiiksek oldugu
goriilmektedir. Kontrol kavelalarinda da, auksetik kavelalarda oldugu gibi Saricam
malzemede liflere dik yondeki tutma mukavemeti degerlerinin liflere paralel yondeki tutma
mukavemeti degerlerinden daha yiiksek sonuglar verdigi goriilmiistiir. KKP malzeme de ise,
genel anlamda kenardan tutma mukavemeti, ylizeyden tutma mukavemetine gore az da olsa
daha yiiksek degerler vermistir.

Kontrol kavelalar1 ve auksetik kavelalarin Sarigam ile tutma mukavemetine iliskin
ortalamalarin karsilastirilmasma iligkin grafik Sekil 7°de, KKP ile kavela tutma
mukavemetine iligkin ortalamalarin karsilastirilmasmin grafiksel gosterimi ise Sekil 8’de
sunulmustur.
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Sekil 7. Kavela gruplarinin Sarigam ile liflere paralel ve dik tutma mukavemeti
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Sekil 8. Kavela gruplarinin KKP ile kenardan ve yiizeyden tutma mukavemeti

Kontrol kavelalar1 ile auksetik kavelalar tutma mukavemeti agisindan karsilastirildiginda,
bazi gruplar haricinde genellikle kontrol kavelalarinin mukavemet degerlerinin daha yiiksek
oldugu goriilmektedir. Sekil 7 ve 8 incelendiginde; Sarigam malzemede, auksetik
kavelalardan PLA-DU-UB, PLA-IU-UB ve PLA-IU-YB kavelalarm, KKP malzemede de
benzer sekilde PLA-DU-UB ve PLA-IU-UB kavelalarm tutma mukavemeti degerlerinin ayn1
gruplara iliskin kontrol gruplarindan daha yiiksek oldugu goriilmektedir. Buna gdre, Sarigam
malzeme igin, tiim kavela gruplar1 igerisindeki ii¢ grup kavelanm (PLA-DU-UB, PLA-1U-UB,
PLA-1U-YB), KKP malzeme i¢in ise iki grup kavelanin (PLA-DU-UB, PLA-IU-UB) mobilya
birlestirmelerinde kullanilabilecegi sdylenebilir. PLA disindaki malzemeden {iretilen tim
grup kavelalar kontrol gruplarindan daha diisiik mukavemet degerleri vermislerdir. Burada,
kavela malzemelerinin ¢ekme direnclerinin etkili oldugu acikca goriilmekte olup bu
kavelalarin enine kesitlerinde olusturulan auksetik desenli bosluklu yapimm, enine kesitlerin
cekme kuvvetlerine direng gosteren ylizey alanlarinin kii¢lilmesine neden oldugu ve bu
durumun da tutma mukavemetlerini olumsuz etkiledigi diistiniilmektedir.

4. Sonuglar ve Oneriler

Bu calismada, cerceve konstrilksiyonlu mobilya birlestirmeleri icin; kolay c¢akilip zor
sokiilebilecegi ongoriilen, auksetik Ozellikte, inovatif, disaridan gériinmeyen, kolay montaj
saglayan alternatif kavela tasarimlar1 yapilmis ve bunlarin ¢erceve konstriiksiyonlu mobilya
iiretiminde kullanilan ahsap malzemeler ile tutma mukavemetleri degerlendirilmistir.
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e Kavela tutma mukavemeti deneyleri sonuglarina gore, KKP 6rnekler Saricam Orneklere
gore belirgin bir sekilde yiiksek mukavemet degerleri vermistir. Deneylerde, kavela
tiretiminde kullanilan malzemelerden PLA filamentin, ABS ve ASA filamentlere gore gok
daha iyi tutma mukavemeti sonuglart verdigi belirlenmistir. Burada, kullanilan
filamentlerin fiziksel ve mekanik Ozelliklerinin kavela tutma mukavemeti Uzerindeki
olumlu etkisi acgik¢a goOriilmistiir. Calismada, kavela dis yiizeylerinde uygulanan dis
tipinin; Saricam ve KKP malzemelerin kavela tutma mukavemeti lizerindeki etkilerinin
anlamsiz oldugu belirlenmistir. Bir baska ifadeyle, kavelalarin dis yiizeylerindeki dis
geometrisinin dik tiggen ya da ikizkenar tiggen seklinde olmasi kavela tutma mukavemetini
etkilememistir. Sadece, KKP malzemenin yiizeyden kavela tutma mukavemetinde kavela
dis ylizeyindeki dis geometrisinin ikizkenar tiggen seklinde olmasi ile mukavemetin dik
ticgen seklinde olmasina gore %9 oranda artig1 belirlenmistir. Kavela enine kesitlerinde
uygulanan auksetik desen tipine gore yapilan karsilastirmalar sonucunda ise; ticgen bigimli
kavelalarin yildiz bigimli kavelalara belirgin bir {istiinliik sagladig1 goriilmiistiir.

e Kontrol gruplarina gore yapilan karsilastirmalar sonucunda, birka¢ grup haricinde
genellikle kontrol kavelalarmin mukavemet degerlerinin auksetik kavelalardan daha
yiiksek oldugu goriilmiistiir. Saricam malzemede, auksetik kavelalardan PLA-DU-UB,
PLA-IU-UB ve PLA-IU-YB kavelalarm, KKP malzemede de PLA-DU-UB ve PLA-IU-
UB kavelalarin tutma mukavemeti degerleri kontrol gruplarina iistiinliik saglamistir. Buna
gore, Saricam i¢in, tiim kavela gruplari igerisinden ii¢ grup kavelanmn, KKP malzeme i¢in
de iki grup kavelanin mobilya birlestirmelerinde kullanilabilecegi sdylenebilir.

e Bu calismada, mobilya miihendisliginin mukavemet tasarimi adimlarindan ilki olan;
baglant1 elemanlarmin, ¢ergeve konstriiksiyonlu mobilya iiretimde kullanilacak malzemeler
ile tutma mukavemetlerinin belirlenmesi asamasi gerceklestirilmis ve denenen farkli
tiplerdeki auksetik kavelalardan {i¢ tanesi ile basarili sonuglar elde edilmistir. Mobilya
miihendisliginde mukavemet tasariminin bir sonraki adimi, tasarlanan bu baglanti
elemanlarinin, ¢ergeve konstriikksiyonlu mobilya iskeletindeki baglant1 noktalarmi temsil
eden birlestirme elemanlarinda (L-tipi, H-tipi, T-tipi) kullanilmasi ve bu birlestirme
elemanlarinin kullanim sirasinda maruz kalabilecegi yiikleme bigimine (dogrusal ¢ekme,
egilme, kesme) gore test edilmesidir. Buna gore, ileriki ¢alismalarda bu ¢alismada basarili
sonuglar alman baglant1 elemanlarinin, birlestirme elemanlarinda gosterecekleri
performanslarin  belirlenmesi  gerektigi asikardir. Ayrica, mobilya mukavemet
tasarimindaki son asamanin, 1/1 boyutlardaki prototip iirlinlerin gercek kullanim ve
yikleme kosullar1 altinda performans testlerine alinmasi oldugu diisiiniildiigiinde, yine
gelecekteki caligmalarda, bu calismada ve birlestirme elemanlar: testlerinde basarili
bulunan baglant1 elemanlar1 kullanilarak {retilecek gercek Olgiilerdeki c¢ergeve
konstriksiyonlu koltuk iskeletlerinin performans testlerinin de yapilmasi gerektigi agiktir.
Calismada denenen auksetik kavelalardan optimum montaj kuvveti ve maksimum tutma
kuvveti agisindan basarili sonuglar alinmasi halinde, ¢erceve konstriiksiyonlu mobilyalar
(Ozellikle dosemeli koltuk iskeletleri), tutkal kullanimi olmadan ve higbir yardimeci arag
gere¢ kullanilmadan, kisa siirede kolayca monte edilebilecek ve doseme yapilmaya hazir
hale gelecektir.
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Smardzewski: Kavramsallagtirma (arastrma fikri ve amaglarinin gelistirilmesi),
Metodolojinin belirlenmesi, Denetleme, Dogrulama, Makale Taslak olusturma. Mehmet
Yuksel: Deneylerin yapilmasi, Analizlerin yapilmasi, Veri iyilestirme, Denetleme,
Dogrulama, Inceleme ve diizenleme. Tolga Kuskun: Metodolojinin belirlenmesi,
Aragtirmanin yapilmasi, Analizlerin yapilmasi, Veri iyilestirme, inceleme ve diizenleme.

Finansal destek beyani

Deney orneklerinin hazirlanmasinda kullanilan malzemeler ve bunlarm {iniversiteye nakliyesi
icin Turkiye Mobilya sektoriinde faaliyet gdsteren 6nemli firmalardan biri olan Bellona
Mobilya A.$’ den destek alimmustir.

Cikar catismasi
Yazarlar arasinda ¢ikar ¢atismasi bulunmamaktadir.
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Goz izleme teknolojisi ile ol¢iilen gorsel ilginin mobilya satin alma tercihleri
ile iliskisinin belirlenerek talep tahmini yontemi olarak
kullanilabilirliginin incelenmesi

Osman Goktas**=', Engin Ergin®"®’, Kadir Cem Tugcu®

OZ: Mekanlarin donatilmasma yarayan mobilyalarm islevsel oldugu kadar aymi zamanda
estetik olmasi da kullanic ilgisi tizerinde etkilidir. Kullanicilar tarafindan daha fazla ilgi
goOren Urlinlerin ise buna paralel olarak satis basarisin1 yakalamasi beklenir. Bu baglamda
mobilya iirtinlerinin gorsel ilgi acisindan degerlendirilmesi, satin alinabilirlik bakimindan
onemlidir. Dolayisiyla, mobilya sektoriinde goz izleme gibi ¢agdas teknolojiler kullanilarak
tuketici arastirmalarmin yapilmasi bir gerekliliktir. G6z izleme teknolojisi, ndropazarlamanin
araclarindan biri olup kullanicilarin gorsel ilgileri hakkinda bilgi vermektedir. Bu arastirma
ile, g6z izleme teknolojisinin mobilya endustrisinde, tasarlanan driinlerin retim kararlarinin
verilmesi asamasinda talep tahmin yOntemi olarak kullanilabilirliginin incelenmesi
amaglanmistir. S6z konusu amag¢ dogrultusunda mobilya goriintiileri, bilgisayar ekrani
iizerinden, g6z izleme cihazi takan katilimcilara gdsterilmis ve mobilyalar {izerinde olusan
gorsel ilgi diizeyleri tespit edilmistir. Belirlenen gorsel ilgi diizeyleri, mobilyalarin satig
verileri ile karsilastirilmustir. Ayrica, katilimci1 grubunun bazi demografik 6zellikleri hakkinda
bilgi edinebilmek icin anket uygulanmistir. Sonug olarak, géz izleme teknolojisinin mobilya
endiistrisi i¢in talep tahmininde kullanilabilirligi kismen elverigli bulunmustur.

Anahtar kelimeler: Géz izleme Teknolojisi, Mobilya, Néropazarlama, Talep Tahmini

Determining the relationship between visual interest measured with eye
tracking technology and furniture purchasing preferences and examining
its usability as a demand forecasting method

ABSTRACT: The functionality and aesthetics of the furniture used to furnish spaces also
have an impact on user interest. Products that attract more attention from users are expected to
achieve sales success in parallel. Concordantly, evaluating furniture products in terms of
visual interest is important in terms of affordability. Therefore, it is a necessity to conduct
consumer research using contemporary technologies such as eye tracking in the furniture
sector. Eye tracking technology, a tool of neuromarketing, provides insights into users' visual
interests. This study aimed to assess the usability of eye tracking as a demand forecasting
method in the furniture industry during the production decision-making phase. Participants
wore eye-tracking devices while viewing furniture images on a computer screen, allowing
researchers to determine their visual interest levels. The determined visual interest levels were
compared with the sales data of the furniture. Additionally, a survey was conducted to obtain
information about some demographic characteristics of the participant group. The findings
revealed that eye tracking technology was partially favorable in predicting demand for the
furniture industry.

Keywords: Eye Tracking Technology, Furniture, Neuromarketing, Demand Forecasting
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1 Giris

Mobilya; oturmak, ¢alismak, yemek, yatmak gibi eylemlerle iliskili yerlerin donatilmasina
ve kimlik kazandirilmasina yarayan tasinabilir esyadir (Berkin, 2021; Stone ve Brooker,
2014). Mobilya, her kesimden insan tarafindan yararlanilan ¢ok yonlii endiistriyel bir {iriin
olup yaygin olarak kullanilmaktadir. Bu 6zelligi, mobilyay1 diinya ekonomisi i¢in énemli bir
ticari urun haline getirmektedir. Mobilya tiretimi kiiresel dlgekte 2021 yilinda 634 milyar
dolar1 asmis iken bu degerin 2026 yilinda 940 milyar dolara ulagsmasi beklenmektedir.
Tiirkiye’de ise mobilya iiretimi 2020 yilinda 11 milyar dolar olup bu seviyenin 2030 yilinda
29 milyar dolara ulasacagi ongoriilmektedir. (T.C. Ticaret Bakanligi, 2024).

Mobilya sektdriinde hem halihazirdaki potansiyele hem de gelecek Ongoriilerine bagli
olarak farkli 6lgeklerde ¢ok sayida isletme bulunmaktadir. Bu da rekabetin artmasina neden
olmaktadir. Rekabet artisiyla birlikte, isletmelerin varliklarini siirdiirebilmek i¢in siirekli
olarak yeni ve cekici iirlinler tasarlamalar1 ve gelistirmeleri gerekmektedir. Her ne kadar
isletmeler yeni Uriinler ortaya koysa da bu iriinler tiiketiciler tarafindan ayni diizeyde ilgi
gormemekte ve satin alinmamaktadir. Bu durum hammadde, isgilik ve enerji gibi Uretim
girdilerinin israfina neden olmaktadir. Ayrica, yeteri kadar satis basarisi yakalayamayan
mobilyalarin iiretim, sergileme, depolama ve nakliye siiregleri gevre agisindan gereksiz bir
yiik olusturmaktadir. Dolayisiyla, daha fazla gorsel ilgi ¢ekerek tiiketicilerin talep edebilecegi
cazip mobilyalarin tasarlanmasi tasarimcilar ve ireticiler i¢in dnemli bir giindem konusudur.
Bu ayn1 zamanda, isletmelerin pazarlama basarisiyla da dogrudan iligkilidir.

Mobilya sektoriinde pazarlama ile ilgili baz1 ¢alismalar yapilmustir. inal ve Toksar1 (2006)
tarafindan mobilya sektoriinde karsilasilan pazarlama sorunlarinin incelendigi bir ¢alismada
tuketici isteklerinin 6nemi vurgulanmistir. Mobilyalarin tanitimi ve pazarlanmasi konusunda
yasanilan sikintilarin neler oldugunun soruldugu baska bir caligmada ise cevaplar %39
“tliketicinin marka algis1”, %27 “biiyiik isletmelerin reklam ve pazar giicii”, %23 “ithal
irlinlerin piyasada rahatca bulunabilmesi”, %11 “tiiketici geri bildirimlerinin isletmelere
ulasmamas1” olarak ortaya ¢ikmustir (Ozen ve ark., 2017). Gorulmektedir ki mobilya
sektorlnde etkili pazarlama faaliyetleri icin tiiketici arastirmalarmin yapilmasi olduk¢a 6nem
arz etmektedir.

Etkili pazarlama siireglerinin yonetilebilmesi adma pek ¢ok tuketici arastirmasi
yurittulmekte ve bu kapsamda gesitli veri toplama yontemleri kullanilmaktadir. Anket ve odak
grup gorlismesi gibi geleneksel arastrma yontemleri, dnemli bilgiler sunmasina ragmen,
tiikketicilerin zaman zaman gergek bilgileri paylasmama istegi veya sosyal kabul gérmeye
duyulan ihtiya¢c gibi durumlar nedeniyle yeterince etkin olmayabilir (Bozoklu ve Alkibay,
2017) Dolayisiyla, tiiketici arastirmalarmin daha dogru bir sekilde gerceklestirilebilmesi
amaciyla, geleneksel yontemlerle birlikte, ¢agdas ve teknolojik araclarin kullanilmasi fayda
saglayabilir. Bu baglamda, tiiketici arastirmalarinda sinir biliminden faydalanilarak
gelistirilen ndropazarlama yaklagimi da son zamanlarda 6n plana ¢ikmaktadir.

Noropazarlama, aragtirmacilara ¢ok sayida yontem ve veri toplama segenegi sunmasi
sayesinde gercekgi bilgiye ulagabilme olanaginin daha ¢ok olmasi nedeniyle, pek ¢ok sektorde
kullanilan ve hizli biiyliyen bir bilim dahdir (Altumisik ve ark., 2022). Noropazarlama
calismalari, sinir bilimi ile tiiketici psikolojisi arasinda koprii kurmaktadir (Morin, 2011).
Noropazarlama, miisterinin ve firmanin bilingli beklentileri ile bilingalt1 beklentilerinin
kesisiminde yer almaktadir (Georges ve ark., 2013). Bu disiplin, tlketicilerin pazarlama
malzemelerine, marka, iiriin ve iirlin gruplarma verdikleri bilingalt1 tepkileri incelemektedir.
Bu sayede miisteri tercihleri ve duygusal tepkileriyle ilgili dnemli bilgiler elde edilmektedir
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(Suomala ve ark., 2012). Néropazarlama ile ilgili ¢aligmalar her gegen giin artmakla birlikte
bu alan heniiz gelisme donemindedir (Ozkara, 2017).

Noropazarlama arastirmalarinda ¢esitli araglar kullanilmaktadir. Bunlar; fonksiyonel
manyetik rezonans goriintileme (fMRI), elektro beyin grafisi (EEG), manyetik beyin grafisi
(MEG), pozitron emisyon tomografi (PET), nabiz 6l¢iimii, galvanik deri iletkenligi (GSR),
yuz kodlama, goz izleme teknolojisi, transkraniyal manyetik stimulasyon (TMS), ortuk
cagrisim testi olarak siralanabilir (Saygi ve Tor Kadioglu, 2022).

Noropazarlama araglarindan biri olan g6z izleme teknolojisi ile katilimcilarin gorsel ilgileri
arastirilmaktadir. Daha ayrintili bir ifadeyle, g6z izleme teknolojisi, kullanicilarin belirli bir
zamanda nereye ve ne kadar siire baktiklari ile gozlerinin izledigi yolun tespit edilmesine
yaramaktadir. Bir g6z izleme cihazi, kullanicinin g6z hareketi davranigi hakkinda bilgi veren
giiclii bir aractir. Konum, siire ve hareket, goz izlemenin ii¢ temel niteligidir. Bir kullanicinin
belirli bir andaki g6z bakisinin konumu, gorsel dikkati anlamak i¢in en temel analiz birimini
saglamaktadir. Bakisin siiresi ise bakilan yere 0Ozel bir dikkat verilip verilmediginin
anlagilmasina yardimci olmaktadir. Hareket, gozlerin bir odaklanmasmdan digerine yapilan
sicramalara dayanmaktadir. Odaklanma, g6z hareketinin gorsel alanin belirli bir yerinde
durmas1 iken sigrama ise goziin bir odaklanmadan digerine yaptigi hizli hareketleri ifade
etmektedir. Odaklanma siiresi genellikle son derece kisadir ve milisaniye olarak
Olctlmektedir (Bergstrom ve Schall, 2014).

Gorsel ilgi, bir objeye yapilan bakis sayis1 ve bakis stireleri ile belirlenmektedir. Bir {iriine
yapilan bakis sayis1 ve siiresi ne kadar ytliksek ise, o {irline gosterilen gorsel ilginin o oranda
yiiksek oldugu (Van der Laan ve ark., 2015) ve yiksek ilginin de buyuk ihtimalle tercih ile
sonuglandig1 goriisii alanyazinda (literatiir) bildirilmistir (Chen ve ark., 2022; Janiszewski,
1998; Lohse, 1997). Gorsel ilgi duzeyinin olcllerek belirlenmesi, (Ureticilere ve
pazarlamacilara, karar siire¢lerinin olusumu hakkinda daha net ve rafine veriler sagladigindan
(Par¢ ve Dorris 2011) pek c¢ok bilimsel arastirmaci goz izleme teknolojisinden yararlanarak
ndropazarlama arastirmalar1 yapmaktadir.

Uyar ve Uyar (2024) dogal bal temali reklamlarin etkinligini g6z izleme teknolojisi ile
irdeledikleri ¢alismalarinda tiiketicilerin dogal etiketli tirlinleri onemsediklerini ve satin alma
kararlarinda bunun 6nemli bir etmen oldugunu ortaya koymuslardir. Bezgin ve ark. (2024)
sanat egitimi alan ve almayan 6grencilerin NFT (Nun-Fungible Token/Degistirilemez Jeton)
eser ve klasik esere odaklanma diizeyleri ve satin alma niyetlerini incelemislerdir. Arastirma
sonuclarina gore, gorsel ilgi agisindan gruplar arasinda eserlere ve fiyata yonelik farkliliklar
tespit edilmistir. Uyar (2024) banka afislerinde taninmis kisilere (iinlii) yer vermenin etkisi
lizerine ¢alismistir. Reklamda taninmis kisilerin kullanilmasma katilimcilarin  olumlu
yaklastiklari, ancak yalnizca bu nedenle banka {riin ve hizmetlerinin satn alinmadigi
anlagilmistir. Ayrica, katilimcilarin tanimus kisilerin yiizleri ve banka logosuna kiyasla yazili
kisimlara baktiklar1 ortaya konmustur. Mateja (2023) daha kullanilabilir ¢evrimi¢i magaza
tasarimi i¢in g6z izleme yonteminden yararlandigi ¢aligmasinda, daha biiyiik yazi tipiyle
yazilan bagliklara daha fazla dikkat edildigini, bununla birlikte ¢ok fazla metin olmasmin
okunurlugu olumsuz yonde etkiledigini ifade etmistir. Juarez-Varon ve ark. (2023)
ylrdttikleri bir calismada ayakkabi magazalarinda kullanilan uyaranlarin tiiketicilerin
duygular1 ve karar verme siiregleri {izerine etkisini incelemislerdir. Sonug olarak, tiiketicilerin
bilingli ve bilingsiz zihinsel durumlarinin bilgisinin ¢ok daha verimli ticari uyaranlarin
tasarlanmasini sagladigi belirtilmistir. Romero-Luis ve ark. (2023) dongusel ekonomide
gorsel-isitsel triinlerin etkinligini degerlendirmek i¢in yaptiklar1 ¢aligmada, ekolojik
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farkindalik kampanyalarmm iletisimi gelistiren yonlerini belirlemek igin geleneksel ve
ndropazarlama arastirma tekniklerini kullanmanin biiyilkk potansiyeli oldugunu ifade
etmislerdir. Giray ve ark. (2022) ruh hali ve organik gida secimi tizerine gerceklestirdikleri
arastirmalarinda, organik etiketler iizerindeki nesnel bilgi, 6znel bilgi ve gorsel dikkatin
organik satin almalar {izerinde 6nemli etkiler olusturdugunu ortaya koymuslardir. Toker ve
Sulak (2021) mizah, korku, duygusallik ve cinsellik olmak {izere dort farkli yaklagimin
kullanildig1 reklam filmlerinin etkinligini ve hatirlanabildigi incelemislerdir. Farkli reklam
cekiciliklerinin  hem tiiketici ilgisini toplamada hem de reklam ve iiriin/markanin
hatirlanabilirligini artirmada etkili oldugu ifade edilmistir. Devrimsel (2020) renklerin indirim
algisma etkisini irdeledigi arastirmasinda, tiliketicilerin indirim algisinda renklerin etkili
oldugunu ve cinsiyet faktoriine bagli olarak bu alginin farklilik gosterdigini belirtmistir.
Kisaca soz edilen bilimsel yaymlardan da anlasilacagi tlizere, goz izleme teknolojisi,
ndropazarlama alaninda ¢esitli konularda kullanilmistir.

Mobilya alaninda da g6z izleme calismalar1 yapilmaktadir. Goktas ve ark. (2024) farkli
tasarim Ozelliklerine sahip mutfak mobilyalarma yonelik gorsel ilginin belirlenebilmesi
amaciyla gercek mekanda bir g6z izleme uygulamasi yiiriitmiislerdir. Calismanin sonuglarina
gore, mobilya grubunun genellikle sol tarafinda daha fazla ilgi odagi olusurken alt cekmeceler
gibi goz hizasinin asagisinda kalan kisimlarda daha az ilgi toplanmistir. Ayrica, aydinlatma ve
aksesuar kullaniminin da gorsel ilgi {izerinde etkisi oldugu belirtilmistir. Ilhan ve Togay
(2023) tasarima bilgi girdisi saglamada g6z izleme teknolojisinin kullanimin1 incelemislerdir.
Mobilya goriintiileri kullanilarak yapilan arastirmada, iiriine iliskin begeninin goz izleme
tizerinden anlasilabilecegi ifade edilmistir. Wan ve ark. (2018) bilgisayar ekrani karsisinda
geleneksel ve yeni model Cin mobilyalarina iligkin bir géz izleme calismasi1 yaparak
katilimcilarin biligsel tercihlerini irdelemislerdir. Bu baglamda, Cin mobilya tipleri Gzerine
biligsel tercihleri anlamanin, mobilya tasarimlarini yeni bir bakis acisindan tanitma
potansiyeline sahip oldugu aktarilmistir.

Mobilyalara yonelik goérsel ilgi tizerine gesitli ¢alismalar yapilmis olmasina ragmen,
mobilya sektoriinde sinir bilimi temelli tiiketici arastrrmalarinin yeterince bulunmamasi bir
eksiklik olarak goriilmiistiir. Bu arastirma, mobilya endustrisinde, tasarlanan trtinlerin tretim
karar1 verilmeden Once goz izleme teknolojisi ile tiiketici adaylarma izlettirilmesi ve bu
sayede belirlenen gorsel ilgi diizeyi ile iiriiniin piyasada ne derece talep gorebilecegi hakkinda
bilgi sahibi olunabilecegi fikri iizerine kurulmustur. Bu baglamda, bu arastirma ile,
tiketicilerin mobilya drinlerine iligskin gorsel ilgilerinin goz izleme cihazi araciligiyla
Olculmesi ve buradan elde edilen verilerin, mobilyalarin satis verileri ile karsilastirilarak,
mobilya endiistrisinde talep tahmin yontemi olarak kullanilabilirliginin degerlendirilmesi
amaclanmistir.

2 Materyal ve Metot
2.1 Materyal
2.1.1 Mobilya goruntaleri

Bu g6z izleme ¢alismasinda, Tiirkiye’de faaliyet gosteren Ersa Mobilya San. ve Tic. A.S.
Urinleri arasinda yer alan ve farkh 6zelliklere sahip (kullanim amaci, tasarim, malzeme, renk
vb.) 32 adet mobilyanin goriintiileri kullanilmistir. S6z konusu mobilyalarin se¢iminde iki
temel yaklasim benimsenmis olup bunlar asagida verilmistir.

e Bicimsel olarak farkli Ozelliklere sahip mobilyalarin birlikte ele almmasi (A:
Sandalye, B: Ofis Masasi, D: Yo6netici Masasi, H: Kanepe)
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e Bicimsel olarak ayni, ama renk ve malzeme cesitliligi gibi goriiniis agisindan
farkliliklar1 olan mobilyalarin birlikte ele alinmasi (C: Ofis Masasi, E: YOnetici
Masasi, F: Ofis Dolabi, G: Sehpa).

Bu yaklagimlar ile 4’er goriintiiden olusan 8 farkli gézlem sayfasi hazirlanarak g6z izleme
yontemiyle katilimcilara izlettirilmistir. Ayn1 gézlem sayfasinda yer alan mobilya goriintiileri
“grup” olarak ifade edilmektedir. Calismada kullanilan mobilya goriintiileri ve
kodlandirmalar1 Cizelge 1°de gosterilmistir.

Cizelge 1. Go6z izleme calismalarinda kullanilan mobilya goriintiileri

A Grubu B Grubu C Grubu D Grubu
A1 c1 D1
A2 c2 D2
A3 c3 D3
= IEANES. -
= |
Ad ; c4 B D4
E Grubu F Grubu G Grubu H Grubu
E1 F1 ] G1 H1 .
E2 F2 G2 H2
E3 F3 G3 H3
o
Ty 4 = p
E4 F4 g G4 H4

2.1.2 Gozizleme cihazi

Calismada, gorsel ilginin belirlenebilmesi i¢in derin 6grenme destekli bir goz izleme cihazi
(Pupil Invisible) kullanilmistir (Pupil Labs, 2024). Sekil 1°de gosterilen gdz izleme cihazinin
biitiinlesik donanim parcalar1 (kizilotesi aydinlatici, géz izleme kamerasi, sahne kamerasi
gibi) ve iliskili yazilimi sayesinde, katilimcilarin hangi mobilyalara, ne kadar siire ile
odaklandiklar1 belirlenebilmektedir. Go6z izleme cihazinin yonetimi, veri aktarma kablosu ile
baglant1 kurulan bir akilli telefon (OnePlus 8) Uzerinden, cihazin yazilimi (Pupil Invisible
Companion) ile gergeklestirilmistir. Ayrica, mobilya goriintiilerinin katilimcilara gosterilmesi
icin bir dizustd bilgisayar (Lenovo Thinkbook 15P 20V3) kullanilmistir.
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Baglanti Noktasi

Ataletsel Olgiim Birimi

RGB Gosterge
Kizil6tesi Aydinlatici
Goz izleme Kamerasi

Mercek Seri Numarasi

Sahne Kamerasi

Sekil 1. Goz izleme cihazi: Pupil Invisible (Pupil Labs, 2023’ten Tiirkgelestirilmistir.)
2.2 Metot
2.2.1 Verilerin toplanmasi

Bu arastirma, Mugla Sitk1 Kogman Universitesi Sosyal ve Beseri Bilimler Arastirmalari
Etik Kurulu’nun onayi ile yapilmigtir (Karar Tarihi: 16 Mart 2023, Protokol No: 230029,
Karar No: 38).

Bu calismada katilimcilarin demografik 6zelliklerini (cinsiyet, yas, egitim durumu, gelir
seviyesi) belirleyebilmek adina anket, gorsel ilgilerini ortaya koyabilmek adina ise g6z izleme
cihaz1 kullanilmistir. Veri toplama islemleri, 48 goniillii katilimci ile Mugla Sitk1 Kogman
Universitesi Teknoloji Fakiiltesinde gerceklestirilmistir. Mobilyalarm satis verileri ise
firmanin (Ersa Mobilya San. ve Tic. A.S.) pazarlama boliimiinden temin edilmistir.

Goz izleme uygulamasi, bilgisayar ekraninda gosterilen mobilya goriintiileri tizerinden
gerceklestirilmistir. Kendi icinde gruplanan dérder mobilya gorintisi, ayr1 gézlem
sayfalarinda, 8’er saniye boyunca katilimcilara izlettirilerek gorsel ilgiye dair veriler elde
edilmistir. Ekran karsisinda gerceklestirilen goz izleme calismalarinda, ayri sayfalara iliskin
gozlem siirelerinde c¢esitlilik oldugu alanyazinda goriilmektedir. S6z konusu g¢esitlilikte,
gOzlem iceriginin detay1 ve biiylikligii gibi etmenler etkili olabilir. Bu ¢aligmada belirlenen
slireye ise alan yazindaki ¢aligmalar ve yapilan 6n denemeler sonucunda karar verilmistir. 8
saniyelik gozlem siresi, ekranda sunulan gozlem igeriklerine yonelik yapilan bazi g0z izleme
calismalari ile benzerlik gostermektedir. Ayr1 gézlem sayfalarini katilimcilara Er (2024) 10’ar
saniye, Chen ve ark. (2022) 8’er saniye, Tas¢1 ve Baygiil Ozpmar (2022) 6’sar saniye, inan ve
Yiicel (2020) S’er saniye gostermisglerdir. Bununla birlikte, gozlem sayfalari arasinda,
katihimcilarin gorsel odaklanmalarini mobilya goruntllerinden bosluga ¢ekmek amaciyla
kiiciik bir daireden olugsan ve 2’ser saniye siiresince ekranda kalan ge¢is sayfalarmna yer
verilmistir (Sekil 2). Benzer sekilde, Er (2024) tarafindan yapilan ¢alismada gézlem sayfalari
arasmnda 5’er saniye goriinen siyah ekran yer alirken Inan ve Yiicel (2020) tarafindan yapilan
bir caligmada ise gozlem sayfalar1 arasinda beyaz zemin ilizerinde (+) isareti gosterilmistir.
Ayrica, daha dogru bakis verileri elde edebilmek adna, dort farkli gézlem sayfasi stirlimii
olusturularak, mobilya goriintiileri bu siirlimlerde yerleri diizenli bir sekilde degistirilerek
kullanilmigtir. Toplanan veriler, daha sonra veri analizi i¢in gz izleme cihazinin bagl oldugu
bulut sistemine (Pupil Cloud) yliklenmistir.
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Gozlem Sayfasi Gecis Sayfasi Gozlem Sayfasi

8 Saniye 2 Saniye 8 Saniye

Sekil 2. G6z izleme uygulamasi ekran gorintusi 6rnekleri
2.2.2 Verilerin analiz edilmesi

Aragtirmanm katilimc1 grubunun demografik 6zelliklerini (cinsiyet, yas, egitim durumu,
gelir seviyesi) belirleyebilmek adina anket verileri incelenerek siklik analizi (frekans)
yapilmistir. Daha sonra yiizdesel olarak oranlama gergeklestirilerek cizelgeye dokiilmiistiir.

Gorsel ilginin belirlenebilmesi amaciyla toplanan g6z izleme verileri dort farkli degisken

2 (13

Uzerinden incelenmistir. Bu degiskenler; “toplam odaklanma sayisi”, “toplam odaklanma

9% eeg

stiresi”, “ilk odaklanilan ilgi alan1” ve “ilk odaklanma siiresi” olarak siralanmaktadir.

Katilimcilarin yogun olarak odaklandiklar1 yerlerin “ilgi alan1” seklinde tanimlanmasi ile
soz konusu ilgi alanindaki toplam g6z izleme verileri kiimeleme ile tespit edilmektedir
(Coskun ve Yiicel, 2020). Bu baglamda, her gozlem sayfasindaki farklt mobilyalar birer
“gorsel ilgi alam1” olarak tanimlanmistir. Gz izleme cihazinin bulut sistemi uygulamalari
kullanilarak katilimcilarin bakis noktalari, odaklanma sayilari ve odaklanma siireleri
incelenmis olup bunlarin hangi ilgi alanlarinda gergeklestigi belirlenmistir (Sekil 3).
Calismada goriintiileri kullanilan mobilyalar iizerinde olusan gorsel ilgi, bu mobilyalara ait bir
yillik satis verileri ile karsilastirilmistir.

Sekil 3. Gozlem sayfalar lizerinde odaklanmalarm izlenmesi
3  Bulgular ve Tartisma
3.1 Ankete iliskin bulgular

Cizelge 2’de, arastirma katilimcilarina ait bazi demografik bilgiler verilmistir. Gelir
seviyesine iligkin diizeyler belirlenirken, veri toplama siirecinde gegerli olan donemin asgari
ticreti alt gelir seviyesi olarak kabul edilmistir.

3.2 GO0z izleme ve satis verilerine iliskin bulgular

GOz izleme cihazi yardimiyla Olgllen veriler ile satis miktarlar1 arasindaki iliskinin
incelenebilmesi adina, her mobilya grubu i¢in ayr1 ayr1 olmak iizere, gizelgeler hazirlanmistir.
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Bu c¢izelgelerde mobilyalara iligkin toplam odaklanma sayisi, toplam odaklanma siiresi, ilk
odaklanilan ilgi alan1 ve ilk odaklanma siiresi verileri erkekler, kadinlar ve genel ortalama
bazinda yiizdelik degerler ile verilmistir. Ayrica, bu ¢izelgelerde tiriinlerin satis fiyatlar1 (TL)
ve satig miktarlar1 da (%) gOsterilmistir. Veri gorsellestirilmesi amactyla, hiicre
renklendirilmesi yapilmis olup Microsoft Excel yaziliminda “renk 6lgegi” araci kullanilmistir.
Bu Glgekte en biiyiik deger kirmizi, en kiigiik deger ise yesil ile gosterilirken kirmizi-sari-yesil
seklinde bir renk gecisi s6z konusudur. Renk 6l¢egi araci ile yapilan kosullu bigimlendirme,
katilime1 grubu baz alinarak ayri ayri hazirlanmistir. Ornegin, “Erkek” katilimecilarm “A”
grubu mobilyalarindaki toplam odaklanma sayisi ortalama degerleri (%) tizerinden bir kosullu
bicimlendirme yapildiginda, A3 mobilyas1 %27.16 ile en ¢ok deger aldig1 i¢in kirmizi, Al
mobilyasi ise %23.96 ile en az deger aldig1 icin yesil renklendirilmistir.

Cizelge 2. Katilimc1 grubunun demografik 6zellikleri

L Yas Egitim Durumu Gelir Seviyesi
Cinsiyet n — — —
Dizey n % Dizey n % Dizey n %
25-34 2 833 leégretim 0 0.00 8.506,80-10.000 0 0.00
35-44 11 45.83 Lise 2 8.33 10.001-17.000 5 20.83
Erkek ” 45-54 7 29.17 On Lisans 2 8.33 17.001-24.000 6 25.00
55-64 4 16.67 Lisans 2 8.33 24.001-31.000 6 25.00
65-74 0 0.00 YuksekLisans 0 0.00 31.001-38.000 7 29.17
Doktora 18 75.00 Diger 0 0.00
25-34 6 2500 ilkégretim 2 833  8.506,80-10.000 3 1250
35-44 12 50.00 Lise 3 1250 10.001-17.000 6 25.00
Kad 24 45-54 5 20.83 On Lisans 0 0.00 17.001-24.000 8 33.33
acm 5564 1 417 Lisans 7 2017  24.001-31.000 5 20.83
Yiksek Lisans 3 12.50 31.001-38.000 0 0.00
65-74 0 0.00 )
Doktora 9 37.50 Diger 2 8.33

n: Katilimei sayisi

Cizelge 3’te A grubu mobilyalarma iliskin géz izleme ve satis verileri verilmistir. Cizelge
incelendiginde; TOSA bakimindan en fazla odaklanma sayis1 erkeklerde %27.16 ile A3
mobilyasinda olurken kadinlarda ise %27.68 ile A1 mobilyasinda olmustur. Tiim katilimeilar
ortalamasinda da %25.82 ile en fazla odaklanma A1l mobilyasinda meydana gelmistir. TOSU
acisindan en uzun odaklanma siiresi erkeklerde %27.75 ile A4 mobilyasinda belirlenirken
kadnlarda ise %28.19 ile A1 mobilyasinda olmustur. Genel ortalamaya bakildiginda %26.89
ile A4 mobilyas1 en uzun odaklanilan iiriindiir. IOIA’ya gére erkeklerde %34.17 ile en cok A3
mobilyasinda ilk odaklanma tespit edilirken kadinlarda ise 9%33.33 ile A4 mobilyasinda en
cok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasimda %27.50 ile A1 mobilyas1
en c¢ok ilk odaklanilan iiriin olmustur. IOS acisindan en uzun siiren ilk odaklanma erkeklerde
%33.50 ile A3 mobilyasinda olurken kadinlarda ise 9%27.70 ile A4 mobilyasinda olmustur.
Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %26.89 ile A1 mobilyasinda
tespit edilmistir. A grubu mobilyalarmm satig verileri incelendiginde en ¢ok satin alinan
iiriinlerin A1 ve A2 oldugu goriilmektedir. Buna gére TOSA-Kadm, Ortalama; TOSU-Kadin;
[OIA-Ortalama; 10S-Ortalama gruplarmm en ¢ok satis miktarlar1 ile tutarhlik gosterdigi
gorilmiistiir.
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Cizelge 3. A grubu mobilyalarina iligkin g6z izleme ve satis verileri

TOSA TOSU ioia ios Sat.
E K ort. E K oOrt. E K oOrt E K ort. M
Al 6.901/23.96 27.68 25.82 22.99 28.19 25.59 30.00 25.00 27.50 28.83 24.96 |26.89 47.23
A2 6.966 24.63 25.26 24.94 26.73 23.61 25.17 19.17 25.00 22.08 19.68 27.39 23.54 48.29
A3 6.804 27.16 22.84 25.00 22.54 22.18 22.36 34.17 16.67 25.42 33.50 19.95 26.72 4.48

A4 6.059 24.26 24.22 24.24 27.75 26.02 26.89 16.67 33.33 25.00 17.99 27.70 22.84 0.00

TOSA: Toplam Odaklanma Sayisi, TOSU: Toplam Odaklanma Siresi, I0A: ilk Odaklamlan ilgi Alam, I0S: ilk
Odaklanma Stiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Kod Fiyat

Cizelge 4’te B grubu mobilyalarina iligkin goz izleme ve satis verileri verilmistir. Cizelge
incelendiginde; TOSA bakimindan en fazla odaklanma sayis1 erkeklerde %29.86 ile B4
mobilyasinda olurken kadmlarda ise %33.51 ile B4 mobilyasinda olmustur. Tiim katilimcilar
ortalamasinda da %31.68 ile en fazla odaklanma B4 mobilyasinda meydana gelmistir. TOSU
acisindan en uzun odaklanma siiresi erkeklerde %33.22 ile B4 mobilyasinda belirlenirken
kadnlarda ise %37.64 ile B4 mobilyasinda olmustur. Genel ortalamaya bakildiginda %35.43
ile B4 mobilyas1 en uzun odaklanilan {iriindiir. [OIA’ya gore erkeklerde %37.50 ile en cok B1
mobilyasinda ilk odaklanma tespit edilirken kadinlarda ise %?29.17 ile Bl ve B4
mobilyalarinda en ¢ok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda
%33.33 ile B1 mobilyasi en ¢ok ilk odaklanilan iiriin olmustur. IOS agisindan en uzun siiren
ilk odaklanma erkeklerde %37.58 ile B1 mobilyasinda olurken kadinlarda ise %29.94 ile B4
mobilyasinda olmustur. Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %33.31
ile B1 mobilyasinda tespit edilmistir. B grubu mobilyalarmin satis verileri incelendiginde en
¢ok satm alman iiriiniin B1 (%49.42) oldugu gériilmektedir. Buna gore 101A-Erkek, Kadin;
[0S-Erkek, Ortalama gruplarmm en ¢ok satis miktarlar ile tutarhlik gosterdigi goriilmiistiir.
Uriinlerin satis fiyatlar1 géz oniinde bulunduruldugunda fiyati en yiiksek mobilyanm (B4)
TOSA ve TOSU’de en ¢ok degeri aldig1 halde, satis miktarinda ikinci sirada olmasinm nedeni
yiiksek fiyatin satis miktar1 tizerindeki etkisinden kaynaklandigi diistiniilmektedir.

Cizelge 4. B grubu mobilyalarina iliskin g6z izleme ve satis verileri

TOSA TOSU ioia ios Sat.
E K ort E K ort E K ort E K ort M
Bl 8.769 26.96 23.32 25.14 27.15 20.67 23.91 37.50 29.17 33.33 37.58 29.04 33.31 49.42
B2 9.817 22.32 22.25 22.29 21.10 20.77 20.93 16.67 25.00 20.83 18.37 25.29 21.83 13.51
B3 13.014 20.87 20.91 20.89 18.53 20.92 19.72 25.00 |16.67 20.83 26.06 15.73 20.90 4.58

B4 21.78229.86 33.51 31.68 33.22 37.64 35.43 20.83[29.17 25.00 17.99 29.94 23.96 32.49

TOSA: Toplam Odaklanma Sayis;, TOSU: Toplam Odaklanma Siiresi, I0A: ilk Odaklanilan ilgi Alani, T0S: ilk
Odaklanma Siiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Kod Fiyat

Cizelge 5’te C grubu mobilyalarmna iliskin goz izleme ve satis verileri verilmistir. Cizelge
incelendiginde; TOSA bakimmdan en fazla odaklanma sayis1 erkeklerde %35.06 ile Cl
mobilyasinda olurken kadinlarda ise %27.22 ile C3 mobilyasinda olmustur. Tiim katilimeilar
ortalamasmda da %29.22 ile en fazla odaklanma C1 mobilyasinda meydana gelmistir. TOSU
acisindan en uzun odaklanma siiresi erkeklerde %39.38 ile C1 mobilyasinda belirlenirken
kadmnlarda ise %26,42 ile C4 mobilyasinda olmustur. Genel ortalamaya bakildiginda %32.31
ile C1 mobilyas en uzun odaklanilan {iriindiir. IO1A’ya gore erkeklerde %37.50 ile en ¢ok C1
mobilyasinda ilk odaklanma tespit edilirken kadinlarda ise %29.17 ile C1 mobilyalarinda en
cok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda %33.33 ile C1 mobilyasi1
en ¢ok ilk odaklanilan iiriin olmustur. {OS acisindan en uzun siiren ilk odaklanma erkeklerde
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%31.48 ile C1 mobilyasinda olurken kadmlarda ise %32.51 ile C2 mobilyasinda olmustur.
Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %26.31 ile C2 mobilyasinda
tespit edilmistir. C grubu mobilyalarinin satig verileri incelendiginde en ¢ok satin alinan
driiniin C1 (%66.67) oldugu goriilmektedir. Buna gore TOSA-Erkek, Ortalama; TOSU-Erkek,
Ortalama; 101A-Erkek, Kadin, Ortalama; 10S-Erkek gruplarmin en ¢ok satis miktarlari ile
tutarhilik gosterdigi goriilmiistiir.

Cizelge 5. C grubu mobilyalarina iliskin goz izleme ve satis verileri

TOSA TOSU 101A 10S Sat.

Kod Fiyat

E K Ort E K Ort E K  Ort E K Ort

C1
C2 13.014

C3 20.219 23.17 25.19 22.66 25.05 23.86 29.17 25.00 28.55 21.91 25.23

C4 13.014 22.56 25.15 23.85 21.47 23.94 20.83 25.00 22.92 27.31

TOSA: Toplam Odaklanma Sayis;, TOSU: Toplam Odaklanma Siiresi, I0A: Tk Odaklanilan ilgi Alani, TOS: Tk
Odaklanma Stiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Cizelge 6°da D grubu mobilyalarina iliskin goz izleme ve satis verileri verilmistir. Cizelge
incelendiginde; TOSA bakimindan en fazla odaklanma sayis1 erkeklerde %28.45 ile D2
mobilyasinda olurken kadinlarda ise %29.70 ile D4 mobilyasinda olmustur. Tiim katilimcilar
ortalamasinda da %28.23 ile en fazla odaklanma D4 mobilyasinda meydana gelmistir. TOSU
acisindan en uzun odaklanma siiresi erkeklerde %27.59 ile D2 mobilyasinda belirlenirken
kadinlarda ise %33.75 ile D1 mobilyast olmustur. Genel ortalamaya bakildiginda %30.32 ile
D1 mobilyas1 en uzun odaklanilan iiriindiir. {OIA’ya gore erkeklerde %33.33 ile en cok D1
mobilyasinda ilk odaklanma tespit edilirken kadinlarda ise %29.17 ile D4 mobilyalarinda en
cok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda %29.17 ile D1 mobilyas1
en ¢ok ilk odaklanilan iiriin olmustur. IOS acisindan en uzun siiren ilk odaklanma erkeklerde
%32.28 ile D1 mobilyasinda olurken kadmlarda ise %27.15 ile D4 mobilyasinda olmustur.
Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %28.64 ile D1 mobilyasinda
tespit edilmistir. D grubu mobilyalarmin satis verileri incelendiginde en c¢ok satin alinan
uraniin D3 (%43.69) oldugu goriilmektedir. Buna gére D grubu mobilyalarinda goz izleme ve
satis miktarlar1 arasinda g0z izleme degiskenleri ve cinsiyet bazli bir tutarlilik tespit
edilememistir.

Cizelge 6. D grubu mobilyalarina iliskin goz izleme ve satig verileri

TOSA TOSU ioiA ios
Sat.

E K Ort. E K Ort. E K Ort. E K Ort. M.

21.04 2431

D4 117.958 26.76 25.29 25.33 25.31 25.00 27.08 25.10 26.13 22.33

TOSA: Toplam Odaklanma Sayis;, TOSU: Toplam Odaklanma Siresi, iI0A: ilk Odaklamlan ilgi Alam, [OS: ilk
Odaklanma Siiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Kod Fiyat

25.00

D1 57.305 22.82 27.23 25.02 26.90 24.76

25.00 22.92 22.39 25.00 23.70

D2 116.186

22.28 25.36

D3 115.290
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Cizelge 7°de E grubu mobilyalarina iliskin goz izleme ve satig verileri verilmistir. Cizelge
incelendiginde; TOSA bakimindan en fazla odaklanma sayisi erkeklerde %31.17 ile El
mobilyasinda olurken kadnlarda ise %28.50 ile E1 mobilyasinda olmustur. Tiim katilimcilar
ortalamasinda da %29.83 ile en fazla odaklanma E1 mobilyasinda meydana gelmistir. TOSU
acisindan en uzun odaklanma siiresi erkeklerde %33.01 ile E1 mobilyasinda belirlenirken
kadmlarda ise %29.15 ile E2 mobilyas1 olmustur. Genel ortalamaya bakildiginda %30.99 ile
E1 mobilyas1 en uzun odaklanilan iiriindiir. IOIA’ya gore erkeklerde %33.33 ile en ¢ok E1
mobilyasinda ilk odaklanma tespit edilirken kadinlarda ise %37.50 ile E4 mobilyasinda en
cok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda %31.25 ile E2 mobilyas1
en ¢ok ilk odaklanilan iiriin olmustur. IOS acisindan en uzun siiren ilk odaklanma erkeklerde
%39.40 ile E1 mobilyasinda olurken kadinlarda ise %35.56 ile E2 mobilyasinda olmustur.
Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %31.34 ile E1 mobilyasinda
tespit edilmistir. E grubu mobilyalarinin satig verileri incelendiginde en c¢ok satin alinan
urtiniin E3 (%66.67) oldugu goriilmektedir. Buna gore E grubu mobilyalarinda gz izleme ve
satis miktarlar1 arasinda g0z izleme degiskenleri ve cinsiyet bazli bir tutarhilik tespit
edilememistir.

Cizelge 7. E grubu mobilyalarina iliskin g6z izleme ve satis verileri

TOSA TOSU ioia ios
Sat.

Kod Fiyat
E K Ort E K Ort E K Oort E K Ort

E1 115290 31.17 28.50 29.83 33.01 28.97 30.99 33.33 20.83 27.08 39.40 23.28 31.34 8.33
E2 115290 24.66 26.84 25.7521.49 29.15 25.32 29.17 33.33 31.25 24.28 | 35.56 29.92 0.00
E3 115290 23.58 23.75 23.67 21.93 22.99 22.46 16.67/ 8.33 12.50 12.99 14.10 13.54 66.67

E4 115.290 20.60 20.90 20.75 23.57 |18.88 21.23 20.83 137.50 29.17 23.33 27.06 25.19 25.00

TOSA: Toplam Odaklanma Sayisi, TOSU: Toplam Odaklanma Siiresi, IOA: ilk Odaklanilan flgi Alam, 1OS: ilk
Odaklanma Siiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Cizelge 8°de F grubu mobilyalarina iliskin goz izleme ve satis verileri verilmistir. Cizelge
incelendiginde; TOSA bakimindan en fazla odaklanma sayisi erkeklerde %28.06 ile F3
mobilyasinda olurken kadinlarda ise %27.61 ile F3 mobilyasinda olmustur. Tiim katilimeilar
ortalamasida da %27.84 ile en fazla odaklanma F3 mobilyasinda meydana gelmistir. TOSU
acisindan en uzun odaklanma siiresi erkeklerde %30.32 ile F2 mobilyasinda belirlenirken
kadimnlarda ise %33.08 ile F3 mobilyasi olmustur. Genel ortalamaya bakildiginda %31.57 ile
F3 mobilyas1 en uzun odaklanilan iiriindiir. IOIA’ya gére erkeklerde %33.33 ile en gok F4
mobilyasinda ilk odaklanma tespit edilirken kadinlarda ise %37.50 ile F2 ve F4
mobilyalarinda en ¢ok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda
%35.42 ile F4 mobilyas1 en ¢ok ilk odaklanilan {iriin olmustur. I0OS agisindan en uzun siiren
ilk odaklanma erkeklerde %35.18 ile F4 mobilyasinda olurken kadinlarda ise %38.05 ile F4
mobilyasinda olmustur. Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %36.62
ile F4 mobilyasinda tespit edilmistir. F grubu mobilyalarinin satig verileri incelendiginde en
¢ok satmn alinan {iriiniin F4 (%70.59) oldugu goriilmektedir. Buna gore IOIA-Erkek, Kadin,
Ortalama; 10S-Erkek, Kadm, Ortalama gruplarmm en c¢ok satis miktarlar1 ile tutarlilik
gosterdigi gorilmiistiir.
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Cizelge 8. F grubu mobilyalarna iliskin gz izleme ve satis verileri

TOSA TOSU foia ios Sat.
E K Ot E K Ot E K Ot E K ort M
23.51 20.83 18.75 21.32 16.96 17.65

25.51 29.17 33.33 31.90
F3 8.273 20.83

F4 10.854 24.51 24.21 2220 22.71 22.46

TOSA: Toplam Odaklanma Sayisi, TOSU: Toplam Odaklanma Siiresi, I0A: Tk Odaklanilan ilgi Alani, TOS: Tk
Odaklanma Stiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Kod Fiyat

F2 10.854 24.90 24.58 24.74

Cizelge 9°da G grubu mobilyalarma iligskin gz izleme ve satig verileri verilmistir. Cizelge
incelendiginde; TOSA bakimmdan en fazla odaklanma sayis1 erkeklerde %28.21 ile G1
mobilyasinda olurken kadinlarda ise %30.17 ile G1 mobilyasinda olmustur. Tiim katilimcilar
ortalamasinda da %29.19 ile en fazla odaklanma G1 mobilyasinda meydana gelmistir. TOSU
agisindan en uzun odaklanma siiresi erkeklerde %31.73 ile G2 mobilyasinda belirlenirken
kadinlarda ise %30.63 ile G1 mobilyas: olmustur. Genel ortalamaya bakildiginda %29.04 ile
G1 mobilyas1 en uzun odaklamlan iiriindiir. [OIA’ya gore erkeklerde %25.00 ile tim
mobilyalar ayni say1 da ilk odaklanma degerini alirken kadinlarda ise %29.17 ile G4
mobilyasinda en ¢ok ilk odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda %27.08
ile G4 mobilyas1 en ¢ok ilk odaklanilan {iriin olmustur. IOS acisindan en uzun siiren ilk
odaklanma erkeklerde %28.78 ile G3 mobilyasinda olurken kadinlarda ise %27.22 ile G4
mobilyasinda olmustur. Genel ortalamaya bakildiginda en uzun ilk odaklanma siiresi %25.85
ile G2 mobilyasinda tespit edilmistir. G grubu mobilyalarinin satis verileri incelendiginde en
¢ok satin alinan iiriiniin G2 (%92.59) oldugu goriilmektedir. Buna gore TOSU-Erkek; IOIA-
Erkek; 10S-Ortalama gruplarmin en ¢ok satis miktarlar ile tutarlilik gdsterdigi goriilmiistiir.

Cizelge 9. G grubu mobilyalarma iligskin g6z izleme ve satis verileri

TOSA TOSU ioia ios Sat.
K ort E K ort E K ort E K ort M

27.46 25.00 25.00 23.79 25.00 24.40
G2 8910 26.33 23.18 24.76

23.19 27.46 25.00 25.00 26.21 25.49
G3 7.981

G4 47.844 2351 26.26 24.88 21.96 28.32 25.14

TOSA: Toplam Odaklanma Sayis;, TOSU: Toplam Odaklanma Siiresi, I0A: ilk Odaklanilan ilgi Alani, TOS: ilk
Odaklanma Siiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Kod Fiyat

Cizelge 10’da H grubu mobilyalarina iligkin gz izleme ve satig verileri verilmistir.
Cizelge incelendiginde; TOSA bakimindan en fazla odaklanma sayis1 erkeklerde %28.36 ile
H3 mobilyasinda olurken kadinlarda ise %27.20 ile H4 mobilyasinda olmustur. Tim
katilimcilar ortalamasinda da %26.85 ile HI mobilyasinda meydana gelmistir. TOSU
agisindan en uzun odaklanma siiresi erkeklerde %33.36 ile H1 mobilyasinda belirlenirken
kadinlarda ise %27.21 ile H3 mobilyasi olmustur. Genel ortalamaya bakildiginda %29.93 ile
H1 mobilyasi en uzun odaklanilan iiriindiir. {OIA’ya gére erkeklerde %29.17 ile H1 ve H3
mobilyalarinda tespit edilirken kadinlarda ise %33.33 ile H3 mobilyasinda en ¢ok ilk
odaklanma tespit edilmistir. Tiim katilimcilar ortalamasinda %31.25 ile H3 mobilyas: en ¢ok
ilk odaklamilan iiriin olmustur. 10S agisindan en uzun siiren ilk odaklanma erkeklerde %30.02
ile H3 mobilyasinda olurken kadinlarda ise %28.07 ile H3 mobilyasinda olmustur. Genel
ortalamaya bakildiginda en uzun ilk odaklanma siiresi %29.05 ile H3 mobilyasinda tespit
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edilmistir. H grubu mobilyalarinin satis verileri incelendiginde en ¢ok satin alinan {iriiniin H2
(%52.17) oldugu goriilmektedir. Buna gore H grubu mobilyalarinda géz izleme ve satis
miktarlar1 arasinda g0z izleme degiskenleri ve cinsiyet bazli bir tutarlilik tespit edilememistir.

Cizelge 10. H grubu mobilyalarma iliskin géz izleme ve satig verileri

TOSA TOSU ioiA ios Sat.

K ort E K ort E K ort. E K ort. M
H1 64.919 28.06 25.65 26.85 33.36 26.49 29.93 29.17 25.00 27.08 29.35 25.00 27.18 0.00
H2 75.449 21.19 23.06 22.13 21.73 23.85 22.79 20.83 16.67 18.75 20.65 21.93 21.29 52.17
H3 51.905 28.36 24.09 26.23 25.98 27.21 26.59 29.17 33.33 31.25 30.02 28.07 29.05 8.70

H4 79.682 22.39 27.20 24.80 25.98 22.46 24.22 20.83 25.00 22.92 19.98 25.00 22.49 39.13

TOSA: Toplam Odaklanma Sayisi, TOSU: Toplam Odaklanma Siiresi, TOA: ilk Odaklamlan Tlgi Alam, 1OS: ik
Odaklanma Stiresi, Sat. M.: Satis Miktar1, E: Erkek, K: Kadin, Ort.: Ortalama.

Kod Fiyat

Calismada kullanilan mobilyalara ait g6z izleme bulgular1 ve satis verileri incelendiginde,
gorsel ilgi ve satis miktarlar1 arasinda tam bir iliski kurulamamis olmasma ragmen bazi
gruplar igin uyum gorilmistiir. Gorsel ilginin mobilya sektdriinde satis verileri ile
iliskilendirilerek talep tahmininde kullanilabilirligi hakkinda bilimsel bir ¢alismaya
rastlanmadigindan bu konuda mevcut c¢aligmanin bulgularmi karsilastrma imkani
bulunamamistir. Ancak farkli sektorlerde gorsel ilgi ve satin alma karar1 arasindaki iliskiyi
degerlendiren c¢aligmalar vardir. Mobilya alaninda yapilan bu calisma, farkli sektorlerde
gerceklestirilen arastirmalarla kismen oOrtiisme gostermektedir. Ornegin, cevrim ici Uriin
incelemelerinin tiiketicilerin satin alma kararlar1 iizerindeki etkisini cep telefonu Ornegi
Uzerinden g6z izleme teknolojisi ile irdeleyen Chen ve ark. (2022) gorsel dikkat ve karar
verme davraniglar1 arasinda anlamli bir iligki bulundugunu belirtmislerdir. Ayrica, Monteiro
ve ark. (2020) sarap siseleri lizerine gergeklestirdikleri goz izleme g¢alismasinda, lriinlere
yonelik daha yliksek gorsel ilginin buna paralel olarak satin alma niyetini de artirdigini ifade
etmiglerdir. Dolayisiyla, mobilya sektoriinde pazarlama faaliyetleri kapsaminda tiiketici
aragtirmalar1  yapilirken g6z izleme teknolojisi gibi ndropazarlama araglarmdan
faydalanmanin olumlu etkileri vardir.

4 Sonuclar ve Oneriler

Bu ¢alismada, kisilerin mobilyalara bakmalar1 ile olusan gorsel ilgileri gz izleme cihazi
aracilifiyla dlgiilmiis ve bu gorsel ilginin mobilyalarin satis verileri ile iliskisi belirlenmistir.
Bdylece, g6z izleme teknolojisinin mobilya endustrisinde, tasarlanan trtnlerin Gretim karari
verilmeden once, talep tahmini yontemi olarak kullanilabilirligi incelenmistir. Urlnlere
yonelik gorsel ilgi ile satig verileri arasinda bir iliskinin bulunmasi ve bundan faydalanilmasi
Wan ve ark. (2018) tarafindan da belirtildigi gibi insanlarin {iriinii satin alma isteklerini
degerlendirmenin yeni ve etkili bir yoludur. Calisma kapsaminda asagidaki sonuclara
ulasilmstir:

e Erkek ve kadin katilimcilarin gorsel ilgileri her mobilya tiiriinde ayn1 model ve/veya alt
modellerde bazi mobilya tiirleri i¢in (A: Sandalye, C: Ofis masasi, D: Yonetici masasi,
G: Sehpa, H: Kanepe) farklilasmustir. Ornegin, A grubu mobilyalarinda, erkek
katilimcilarin toplam odaklanma sayist agisindan en fazla gorsel ilgileri %27.16 ile A3
modelinde iken, kadin katilimecilarin ayni degisken agisindan en fazla gorsel ilgileri
%27.68 ile A1 modelinde olusmustur.
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e Toplam odaklanma sayis1 (TOSA) agisindan; C grubu mobilyalarinda olusan ortalama
gorsel ilgi ile o tirtine iligkin satig miktar1 arasinda tutarlilik vardir. Ancak diger mobilya
gruplarinda s6z konusu degiskenle ilgili olarak ayni yonlii iliski kurulamamustir.

e Toplam odaklanma siiresi (TOSU) agisindan; C grubu mobilyalarmda meydana gelen
ortalama gorsel ilgi ile o Urune dair satis miktar1 arasinda uyum gorilmektedir. Fakat
geri kalan mobilya gruplarinda bu degiskenle ilgili olarak benzer bir iligki
bulunamamastir.

e ilk odaklanilan ilgi alan1 (I0IA) sayis1 agisindan; B, C, F grubu mobilyalarinda olusan
ortalama gorsel ilgi ile o {iirline iliskin satig miktar1 arasinda paralellik vardir. Ancak
diger mobilya gruplarinda bu degiskenle ilgili olarak ayn1 yonli bir iligki
saptanamamigtir.

e ilk odaklanma siresi (I0S) agisindan; B, F, G grubu mobilyalarinda olusan ortalama
gorsel ilgi ile o triine iligkin satis miktar1 arasinda tutarlilik vardir. Ama 6teki mobilya
gruplarinda s6z konusu degiskenle ilgili olarak benzer bir iligki belirlenememistir.

e Sonug olarak, g0z izleme teknolojisi ile dlgiilen gorsel ilginin mobilya sektdriinde talep
tahmininde kullanilabilirligi, bu calismada ele alinan g6z izleme degiskenleri ve
uygulanan yontem ile bazi gruplar i¢in elverisli bulunmustur.

e Tasarlanan iiriinlere gdsterilmesi beklenen talebin tahmin edilmesinde “ilk odaklanilan
ilgi alan1” ve “ilk odaklanma siiresi” degiskenlerinin goz Oniinde bulundurulmasi,
“toplam odaklanma sayis1” ve “toplam odaklanma siiresi” degiskenlerine nazaran
tasarim ve Uriin gelistirme siireglerinde karar destegi olusturmada daha etkili olabilir.
Bu farklilagma, mobilyalara yonelik 6zellikle ilk izlenimin 6nemini vurgulamaktadir.

e GOz izleme calismalari, bu arastrmada da oldugu gibi dijital ortamda mobilya
goriintiilerinin kullanimiyla gergeklestirilebilmekle birlikte (Ilhan ve Togay, 2023; Wan
ve ark. 2018), bu c¢alismalar gercek iiriinler iizerinden de yapilabilmektir (Goktas ve
ark., 2024) Bundan sonraki arastirmalarda gorsel ilgi ile satis verileri arasindaki iliski
gergek triinler tizerinden de incelenerek alanyazina yeni bilgiler kazandirilabilir.

TesekKkiir

Bu c¢alisma Mugla Sitki Kogman Universitesi Teknoloji Fakiiltesi Aga¢ Isleri Endiistri
Mihendisligi Bolimii ve Ersa Mobilya San. ve Tic. A.S. Ar-Ge Merkezi arasinda
gerceklestirilen Universite-Sanayi Is Birligi kapsamindaki proje ¢alismasinin (ER-001-2023)
sonuglarindan tretilmistir. Bu calisma, 25-27 Ekim 2023 tarihlerinde gergeklestirilen VII.
Uluslararasi Mobilya Kongresi’nde sunulan bildirinin genisletilmis halidir. Arastirmanin
yazarlari, ¢aligmaya dahil olan goniillii katilimeilara tesekkiir ederler.

Yazar Katkilan

Osman Goktas: Kavramsallagtirma (aragtirma fikri ve amaglarinin gelistirilmesi), yontemin
belirlenmesi, arastirmanin yapilmasi, analizlerin yapilmasi, makale taslak olusturma, makale
yazma, inceleme ve dlzenleme. Engin Ergin: Kavramsallastrma (arastirma fikri ve
amaglarmm gelistirilmesi), yontemin belirlenmesi, aragtirmanin yapilmasi, analizlerin
yapilmasi, gorsellestirme, makale taslak olusturma, makale yazma Kadir Cem Tugcu:
Kavramsallagtirma (arastirma fikri ve amaglarinin gelistirilmesi), yontemin belirlenmesi,
aragtirmanin yapilmasi, analizlerin yapilmasi, makale taslak olusturma.

Finansal destek beyani
Bu calisma, Ersa Mobilya San. ve Tic. A.S. firmas1 tarafindan maddi olarak desteklenmistir.

Cikar catismasi
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217



Gdéktas ve ark., Mobilya ve Ahsap Malzeme Aragtirmalart Dergisi, 7 (2), 204-219

Kaynaklar

Altunisik, R., Boz, H., Gegez, E., Kog, E., Sigr1, U., Yildiz, E., & Yiiksel, A., (2022). Sosyall
bilimlerde arastirma yontemleri: Yeni perspektifler, Seckin Yayincilik.

Berkin, G. (2021). Tasarimda Orman Uriinleri Sozligii, YEM Yayn.

Bergstrom, J. R., & Schall, A. (Eds.)., (2014). Eye tracking in user experience design,
Elsevier.

Bezgin, M., Tiifek¢i, 1., & Atak, B., (2024). Universite 6grencilerinin NFT eser ve klasik
esere odaklanma diizeyleri ve satin alma niyetlerinin belirlenmesi, Yedi(Sanatta Dijitalizm
[Ozel Say1]), 253-266. DOI: 10.17484/yedi.1486913

Bozoklu, C. P. & Alkibay, S., (2017). Néropazarlama: Reklam Tasarimi ve Etik. Siyasal
Kitap. Ankara, 199s.

Chen, T., Samaranayake, P., Cen, X., Qi, M., & Lan, Y. C., (2022). The impact of online
reviews on consumers’ purchasing decisions: Evidence from an eye-tracking study.
Frontiers in Psychology, 13, 865702. DOI: 10.3389/fpsyq.2022.865702

Coskun, P. & Yiicel, A., (2020). Elektronik ticaret sitelerinin néro tasarimi: eeg ve eye-
tracking uygulamasi. Gazi Kitabevi.

Devrimsel, M. Y., (2020). Renklerin indirim algisina etkisi iizerine bir néro pazarlama
arastirmasi, Etkilegim (6), 50-81. DOI: 10.32739/etkilesim.2020.6.75

Er, E. H. (2024). Online aligveris deneyiminin néro gériintiileme yontemleri ile incelenmesi.
Tirebolu Iletisim Fakiiltesi Akademik Dergisi, 1(1), 53-79.

Georges, P. M., Bayle-Tourtoulou, A. S., & Badoc, M., (2013). Neuromarketing in action:
How to talk and sell to the brain, Kogan Page Publishers.

Giray, C., Yon, B., Alniacik, U., & Girisken, Y. ,(2022). How does mothers’ mood matter on
their choice of organic food? Controlled eye-tracking study, Journal of Business Research,
144, 1175-1185. DOI: 10.1016/j.jbusres.2022.02.059

Goktas, O., Ergin, E., Cetin, G., Ozkog, H. H., Frrat, A., & Gazel, G. G., (2024). Investigation
of user-product interaction by determining the focal points of visual interest in different
types of kitchen furniture: An eye-tracking study, Displays, 83, 102745. DOI:
10.1016/j.displa.2024.102745

Ilhan, A. E., & Togay, A., (2023). Pursuit of methodology for data input related to taste in
design: Using eye tracking technology, Displays, 76, 102335. DOI:
10.1016/j.displa.2022.102335

Inal M. E., Toksar1 M., (2006). Mobilyacilik sektdriinde karsilasilan pazarlama sorunlar1 ve
bu sorunlara ¢dziim iiretmeye yonelik bir arastirma: Kayseri 6rnegi, ZKU Sosyal Bilimler
Dergisi, Cilt 2, Say1 4, 105-121

Inan, M., & Yiicel, N., (2020). Yesil Pazarlamaya Tiiketici Goziiyle Bakmak: Eye-Tracking
Calismasi, Ekonomi Maliye Isletme Dergisi, 3(2), 156-175. DOI: 10.46737/emid.778984

Janiszewski,C., (1998). The Influence of Display characteristics on visual exploratory search
behavior. J.Consum.Res. 25(3), 290-301. DOI: 10.1086/209540

Juarez-Varon, D., Mengual-Recuerda, A., Capatina, A., & Cansado, M. N., (2023). Footwear
consumer behavior: The influence of stimuli on emotions and decision making. Journal of
Business Research, 164, 114016. DOI: 10.1016/j.jbusres.2023.114016
Lohse, G.L., (1997). Consumer eye movement patterns on yellowpages advertising. J.

Advert. 26(1), 61-73. DOI: 10.1080/00913367.1997.10673518

Mateja, A., (2023). Usability research of an online store using eye tracking: a comparison of
product specification formats, Procedia Computer Science, 225, 3233-3242. DOI:
10.1016/j.procs.2023.10.317

218


https://doi.org/10.17484/yedi.1486913
https://doi.org/10.3389/fpsyg.2022.865702
https://doi.org/10.32739/etkilesim.2020.6.75
https://doi.org/10.1016/j.jbusres.2022.02.059
https://doi.org/10.1016/j.displa.2024.102745
https://doi.org/10.1016/j.displa.2022.102335
https://doi.org/10.46737/emid.778984
https://doi.org/10.1086/209540
https://doi.org/10.1016/j.jbusres.2023.114016
https://doi.org/10.1080/00913367.1997.10673518
https://doi.org/10.1016/j.procs.2023.10.317

Gdéktas ve ark., Mobilya ve Ahsap Malzeme Aragtirmalart Dergisi, 7 (2), 204-219

Monteiro, P., Guerreiro, J., & Loureiro, S. M. C., (2020). Understanding the role of visual
attention on wines’ purchase intention: An eye-tracking study, International Journal of
Wine Business Research, 32(2), 161-179. DOI: 10.1108/IJWBR-03-2019-0017
Morin, C. (2011). Neuromarketing: The New Science of Consumer Behavior, Society,

48(2), 131-135. DOI: 10.1007/s12115-010-9408-1

Ozen, E., Aydogan, K., Dalkilig, B., Tath, & O. N., (2017). Mobilya Isletmelerinin Sorunlar1
Ve Coziim Onerileri, fleri Teknoloji Bilimleri Dergisi, 6(3), 276-288.

Ozkara, B. Y., (2017). Noropazarlamada Elektroensefalografi (Eeg) Kullanzmi, EKkin
Yayinevi.

Paré, M., & Dorris, M. C., (2011). The Role of Posterior Parietal Cortex in the Regulation of
Saccadic Eye Movements. in S. P. Liversedge, I. D. Gilchrist, & S. Everling (Eds.), The
Oxford Handbook of Eye Movements (Pp. 257-278). New York: Oxford University Press.

Pupil Labs (2023). https://pupil-labs.com/ (Erigsim Tarihi: 15 Agustos 2023).

Pupil Labs (2024). https://pupil-labs.com/products/invisible (Erisim Tarihi: 25 Kasim 2024).

Romero-Luis, J., Carbonell-Alcocer, A., Levratto, V., Gertrudix, M., Casado, M. D. C. G., &
Hernandez-Remedios, A. (2023). Design and assessment of an experimental model for
evaluating the effectiveness of audio visual products on the circular economy aimed at
promoting environmental awareness. Journal of Cleaner Production, 423, 138820, DOI:
10.1016/j.jclepro.2023.138820

Saygi, N. S. & Tor Kadioglu, C., (2022). Noropazarlama Literatiir Taramast (2012-2022).
Gazi Kitabevi.

Suomala, J., Palokangas, L., Leminen, S., Westerlund, M., Heinonen, J., & Numminen, J.,
(2012). Neuromarketing: understanding customers' subconscious responses to marketing.
Technology Innovation Management Review, 12-21,2(2).

Stone, S., & Brooker, G. (2014). I¢ Mimarhkta Yap: Bilesenleri ve Nesneler. Literatiir
Yaymcilik.

T.C. Ticaret Bakanhig1 (2024) “Mobilya” https://www.kolayihracat.gov.tr/sektorler/mobilya
(Erigim Tarihi: 25 Kasim 2024).

Tasci, M. A., & Baygiil Ozpmar, S., (2022). Pazarlama iletisimi stratejilerinde ambalaj: bir
noropazarlama arastirmasi. Uluslararasi Anadolu Sosyal Bilimler Dergisi, 6(1), 246-263.
DOI: 10.47525/ulasbid.1054893

Toker, A., & Sulak, H., (2021). Farkli tiirde reklam filmlerinin etkinliginin gz izleme ve
anket yontemi ile analizi. Pamukkale Universitesi Sosyal Bilimler Enstitlisti Dergisi (43),
61-91. DOI: 10.30794/pausbed.762837

Uyar A. & Uyar K., (2024) Go6z izleme (eye tracking) analiz yontemi ile dogal bal temali
reklamlarm  etkinliginin  incelenmesi. U.Adrn D.-U.Bee J. 24(1):126-41. DOI:
10.31467/uluaricilik.1438033

Uyar, A., (2024). Banka afislerinde tnli kullannminin eye tracking yontemiyle
degerlendirilmesi, Uluslararas: Iktisadi ve Idari Incelemeler Dergisi (44), 169-188. DOI:
10.18092/ulikidince.1474198

Van Der Laan, L. N., Hooge, I. T., De Ridder, D. T., Viergever, M. A., & Smeets, P. A.,
(2015). Do you like what you see? the role of first fixation and total fixation duration in
consumer  choice, Food Quality and  Preference, 39, 46-55. DOI:
10.1016/j.foodqual.2014.06.015

Wan Qian, W. Q., Wang GeGe, W. G., Zhang YaChi, Z. Y., Song ShaSha, S. S., Fei BenHua,
F. B., & Li, X., H., (2018). Cognitive processing toward traditional and new Chinese style
furniture: evidence from eye-tracking technology, Wood research vol. 63 (4), 727-740.

219


https://doi.org/10.1108/IJWBR-03-2019-0017
https://link.springer.com/article/10.1007/s12115-010-9408-1
https://doi.org/10.1016/j.jclepro.2023.138820
https://doi.org/10.47525/ulasbid.1054893
https://doi.org/10.30794/pausbed.762837
https://doi.org/10.31467/uluaricilik.1438033
https://doi.org/10.18092/ulikidince.1474198
https://doi.org/10.1016/j.foodqual.2014.06.015

Mobilya ve Ahsap Malzeme Arastirmalari Dergisi

Furniture and Wooden Material Research Journal
Research Article - Arastirma Makalesi 2024 - 7(2), 220-233

Ergonomic risk analysis with OWAS method on some machines used by
students taking training on furniture in vocational high schools

Ahmet Cakici!™, Abdurrahman Karaman?*=', Sait Diindar Sofuoglu®

ABSTRACT: It is a fact that today, occupational accidents resulting from the use, structure
and working principle of the planer, circular saw, vertical drilling, lathe and edge banding
machines used in furniture production enterprises and vocational high school application
workshops where furniture education is given lead to serious injuries. The main cause of work
accidents and risks is machines which are incompatible with human ergonomics. In this thesis
study, general information about ergonomics is given in the second chapter after the literature
review. The third section mentions musculoskeletal system disorders that ergonomic
incompatibilities may cause. In the fourth chapter, OWAS (Ovako Working Posture
Analyzing System), which is an ergonomic risk assessment method based on simple
observation, is mentioned. In the fifth chapter, general information is given about the
Furniture and Interior Design Field in Vocational and Technical Anatolian High Schools
affiliated with the Ministry of National Education and some of the machines used by students
studying in this field in their application workshops. In the last part, an ergonomic risk
analysis was carried out using the OWAS method to adapt the students to some machines they
use while practising. This research aims to reveal, reduce, and, if possible, eliminate
ergonomic risks in practice workshops. As a result, it was concluded that ergonomic
arrangements should be made urgently in the machines used in the vocational high school
furniture workshop.

Keywords: Ergonomic Risk Analysis, Ergonomics, OWAS, Vocational High Schools.

Meslek liselerinde mobilya egitimi alan 6grencilerin kullandiklar: baz
makinelerde OWAS yontemi ile ergonomik risk analizi

OZ: Giiniimiizde mobilya iiretimi yapan isletmelerde ve mobilya egitimi verilen meslek lisesi
uygulama atolyelerinde kullanilan makinelerin kullanimi, yapisi ve calisma prensibinden
kaynaklanan is kazalarinin ciddi yaralanmalara yol actign bir gergektir. Is kazalarmin ve
risklerinin baslica nedeni insan ergonomisine uygun olmayan makinelerdir. Bu tez ¢alismada
literatiir taramasinin ardindan ikinci bolimde ergonomi hakkinda genel bilgiler verilmistir.
Uciincii  boliimde ergonomik uyumsuzluklarin neden olabilecegi kas-iskelet sistemi
bozukluklarindan bahsedilmektedir. Dordiincii boliimde basit gozleme dayali ergonomik risk
degerlendirme yontemi olan OWAS'tan (Ovako Calisma Durusu Analiz Sistemi)
bahsedilmistir. Besinci boliimde Milli Egitim Bakanligina bagli Mesleki ve Teknik Anadolu
Liselerinde Mobilya ve I¢ Mekan Tasarim Alan1 ve bu alanda egitim goren Ogrencilerin
uygulama atolyelerinde kullandiklar1 baz1 makineler hakkinda genel bilgiler verilmistir. Son
bolimde ise Ogrencilerin uygulama yaparken kullandiklari bazi makinelere uyum
saglayabilmeleri icin OWAS yontemi kullanilarak ergonomik risk analizi yapilmistir. Bu
arastirma, uygulama atolyelerindeki ergonomik risklerin ortaya ¢ikarilmasini, azaltilmasini ve
miimkiinse ortadan kaldirilmasini amag¢lamaktadir.

Anahtar Kelimeler: Ergonomik Risk Analizi, Ergonomi, OWAS, Meslek Liseler.
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1 Introduction

Ergonomic risk factors are associated with employee risks caused by repetitive, continuous
work and poor postures leading to Musculoskeletal Disorders (MSD) (Mulyati et al., 2019).
Ergonomics is one of the important factors in industry. Ergonomic factors need to be taken
seriously because they play an important role in the efficient operation of companies.
(Balasundaram et al., 2017). Complaints about workers' body postures are very common and
this is due to workers' lack of knowledge about the dangers of working in a non-ergonomic
work environment. Musculoskeletal disorders (MSDs) cause pain symptoms in various body
locations such as neck, shoulders, wrists, hips, knees, and heels (Cho et al., 2016). Good
interaction between people and workplaces should be ensured through ergonomics which
plays an important role in many fields such as manufacturing, agriculture, furniture, mining,
services, and other industries to address this deficiency. (Jusoh and Zahid, 2018).

The furniture industry is one of the labour-intensive and generally the hand—made working
industries. Production to be done by hand increases the physical work demands, it also brings
musculoskeletal system diseases and risks. Therefore, furniture manufacture is one of the
sectors where musculoskeletal disorders are intense, and it is one of the most experiencing
sectors for lumbar, back, and shoulder problems (Ozkaya et al., 2017). If the necessary
improvements are not made and the issues are ignored, the increase in Musculoskeletal
Disorders (MSDs) cannot be prevented. Additionally, there will be inefficiencies and even
losses in the workforce due to KISR. This also means a waste of cost and time. For these
reasons, ergonomic adjustments have gained significant importance recently to minimise
MSD (Cicek et al., 2018). The methods used to assess KISR risk can be classified as personal
survey methods, methods based on systematic observations, and direct measurement methods
(Ozel and Cetik, 2010). The methods used to quantitatively assess the KISR risk can also be
divided into simple observation-based methods and advanced observation-based methods.
Simple observation-based methods are NIOSH, RULA, SI, OCRA, QEC, REBA, OWAS.
Advanced observation-based methods include Ergo-Man, 3DSSPP, Jack, RAMSIS Model,
and AnyBody Modeling System (Ko¢ and Testik, 2016). The OWAS (Ovako Working
Posture Analysis System) method is an observation-based work posture analysis method used
to identify the load on the employee's musculoskeletal system and the poor postures caused by
the system. The OWAS method is designed as an analytical tool to serve work study
practitioners and a work sampling tool based on the times occurring at each posture. The
OWAS method allows the identification of poor postures and activities by comparing
different systems based on the power expended by the workforce and predicting the most
suitable work methods. Additionally, it ensures the evaluation of the workplace in terms of
productivity, comfort, and occupational health as well as the systematic examination of the
human-machine interface. OWAS is a method used to evaluate all body parts related to the
musculoskeletal system, determine the load, identify improper postures, system-related
repetitions, and the most suitable working methods. If the OWAS action class code is 3 or 4,
corrective actions for improvement are urgently required. (Brandl et al., 2017)

In literature, there are studies in which OWAS has been used for the purpose of conducting
work posture and ergonomic analyses. It is observed that these studies generally focus on
sectors such as construction, manufacturing, furniture, repair-maintenance, health, agriculture
and livestock, and transportation. (Esen, 2013). The OWAS method examined and addressed
the posture problems of healthcare workers on ambulances. (Doormaal et al., 1995). Akay et
al. (2003) analyzed the working postures of employees in a car maintenance service using a
computer program with OWAS and determined that the frequency rates of certain working
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postures could be reduced at high risk levels. Kurt and Erdem (2003) analysed working
postures and strains on a lathe using OWAS. As a result of the study, the reasons for the
inappropriate posters and the measures that should be taken according to ergonomic criteria
have been determined. In addition, the proposed system's efficiency has been demonstrated.
Ulker et al. (2004) analysed the working postures of students working on ships and at ports in
Iran using OWAS. It was stated in the study that lost workdays occurred in the system and
that work stoppages needed to be corrected to fix the errors in the system. Risk analysis of
back and lower back pain in carpenters was conducted and recommendations were made to
address strains caused by loading using the OWAS method. (Gilkey et al., 2007). Ozel and
Cetik (2010) analysed the movements and postures during loading operations at a tile factory
in Kltahya using OWAS. Two different loading rounds used for analysis have been classified
in terms of ergonomic risk. Sonmez (2011) analysed the working postures of students during
manual apple harvesting in the orchards of Nigde, Isparta, and Afyon using OWAS. The
study has shown that the work postures are mostly in the 1st and 2nd categories. Ulker and
Burdurlu conducted another study (2012)in which the postures of body parts of workers
operating some machines used in panel furniture production were categorised according to
load and strain conditions and analysed using the OWAS method and it was determined that
the adjustments made particularly regarding postures in the high load and strain categories
resulted in a total reduction of 37% in the hazard category values. Kog and Testik (2016) have
addressed musculoskeletal disorders in a multifaceted manner in a factory operating in the
furniture sector. They conducted an ergonomic risk assessment analysis using the OWAS,
REBA, QEC, and ManTRA methods. Alici et al., (2017) observed the tasks performed during
the production phase in a furniture manufacturing workshop and the ergonomic risk
assessment of pneumatic screwing and pneumatic stapling tasks, which are thought to have
harmful effects on the musculoskeletal system of employees, was analysed using OWAS. Kog
(2021) investigated some ergonomic risk assessment methods in a factory that produced
wooden pallets and crates and conducted studies to determine the measures that could be
taken in the mentioned workplace. Bachmid and Andesta (2023) applied the OWAS method to
analyse worker postures in their study titled “Analysis of Improvement of Employee Work
Posture Using the OWAS Method (Case study at PT. XYZ)”. Their findings revealed that
cutting, marking, fitting up, and packing tasks were associated with a risk level 2.

The furniture industry is one of the sectors with the highest physical strain during
operations. Nevertheless, the number of studies conducted in this sector in Turkey is low. In
this study, the OWAS (Ovako Working Posture Analysis System) method, one of the most
used risk assessment methods, was applied by observing the tasks performed on the sofa
production line in a furniture manufacturing business. When the literature is examined,
observational studies have been conducted in many sectors to measure the strain on
employees' skeletal and musculoskeletal systems. However, it has been determined that there
is no relevant study on students studying furniture and interior design in vocational high
schools. Based on this, the aim of this study is to evaluate the ergonomic risk analysis of the
machines used by vocational high school students for practical work by observing the
working postures that occur while working with some of these machines.

2 Method

Every conceivable back, arm, and leg posture adopted by workers during their tasks was
investigated and standardised as 'OWAS Working Postures' depicted in Figure 1. Four codes
are used in back postures, 3 codes are used in arm postures and 7 codes are used in leg
postures. Also, three codes are used for loading. The final scores obtained from the table of
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action categories for different posture combinations assist in determining the action states in
Table 1.

Code 1 Code 2 Code 3 Code 4

The condition where the | The forward and | The twisting or | The bending and
BACK angle between the shoulders | backward bending | lateral bending | simultaneous
POSTURES | and hips, as well as the line | of  the  upper | of the back at | rotation of the

angle between the hip-leg | extremities at an | an angle of 20 | back.

and head, is less than 20 | angle of 20 | degrees or
degrees. degrees or more. more.
Code 1 Code 2 Code 3

ARM
POSTURES

Arms are completely below | Any arm being Both arms are above shoulder

the level of the shoulders. above or at the level or at the same level.
same level as the
shoulders.
Code 1 Code 2 Code 3 Code 4

:

LEG Supporting the body's | The kneeangleis | The knee angle | The bending of both

weight above the hips. | less than 150 is less than 150 | knees is less than

POSTURES ) q S th
degrees and the degrees with 150 degrees with the
body's weightis | weight supported | body weight
supported on two | onany straight distributed on both
straight legs. leg legs due to the

bending of the kness.

Code 5 Code 6 Code 7

Figure 1. Typical occupational stances are utilised in the OWAS approach (Whitford, 2005).
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Table 1. Action Categories for Determined Different Posture Combinations (Whitford, 2005).

Back Arm Load

1
2
3
1
2
3
1
2
3
1
2
3

International results:
1- No action required

3-Corrective actions should be done as soon as possible

Corrective actions concerning the task and workplace to the action code are shown in
Table 2.

Table 2. Action States in the OWAS Methodology (Whitford, 2005).

Action Code Action State Explanation

AC1 Harmless normal posture for the No action isrequired.
musculoskeletal system.

AC2 Postures with some harmful effects on Corrective actions should be taken
the musculoskeletal system. in the near term.

AC3 Posture with harmful effects on the Corrective actions should be
musculoskeletal system implemented promptly.

AC4 Postures with severe effects on the Corrective actions must be applied
musculoskeletal system urgently.
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3 Results and Discussion

The ergonomic risk analysis evaluation of the applications on machine working postures
was conducted using the OWAS method. The terms and definitions used in the OWAS task
and posture combination analysis table are provided in Table 3.

Table 3. Analysis of OWAS task and posture combinations used in the study

Term

Description

Measurement No

The sequence number of the application performed.

Used Machine

The name of the machine on which the application is performed.

Operation Time

Refers to the observation period during which OWAS analyses are
conducted.

OWAS Code Refers to the values scored according to the OWAS coding table for the
criteria of back, arm, leg, and load/force, respectively.

OWAS Action Code Refers to the classification code found according to the action classes
table.

OWAS Action Class Specifies the sequence number of the 4 action classification criteria

Evaluation Refers to the analysis result that emerges from the action classification.

The study made observations for three different applications: chip amount adjustment on
the planer machine, first-stage planning operation, and second-stage planning operation. The
analyses and evaluations of the 3 applications performed on the planer machine are presented
in Table 4, and the planer machine is shown in Figure 2.

Figure 2. The planer machine.
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Table 4. OWAS task table and findings related to the applications performed on the planer
machine.
Analysis of stop combinations for chip quantity adjustment on a planer machine

Measurement No Operation  Used  OWAS Posture OWAS Action OWAS Evaluation

Time Machine Code Code Action
(Back, Arms, Class
Legs, Load)
1 5-10 second Planer 4 3 4 1 4 4 Ergonomic
Machine adjustment
must be done
urgently

Planer machine planing process first stage downtime combination analysis

) OWAS Posture OWAS OWAS Evaluation
Measurement Operation Used Code Action Action
No Time Machine  (gack, Arms, Code Class
Legs, Load)
2 5-10 second Plane( o 1.2 1 2 2 Requires
Machine ergonomic
adjustment

Planer machine planing process second stage downtime combination analysis

) OWAS Posture OWAS OWAS Evaluation
Measurement Operation  Used Code Action Action
No Time  Machine (Back, Arms, Code Class
Legs, Load)
3 5-10 second Plane_r 4 2 3 1 3 3 Er_gonomic
Machine adjustments
should be
prioritised

For the first measurement, “Adjustment of Chip Amount on the Planer Machine”, the
posture combination analysis indicates that ergonomic adjustments need to be made urgently.

For the second measurement, “First Stage Planing Operation on the Planer Machine”, the
posture combination analysis indicates that ergonomic adjustments are necessary.

For the third measurement, “Second Stage Planing Operation on the Planer Machine”, the
posture combination analysis indicates that ergonomic adjustments should be prioritised.

For the fourth measurement, “Pre-Operation Saw Height Adjustment on the Circular Saw
Machine,” the posture combination analysis indicates that ergonomic adjustments are
necessary.

3 applications were made with the circular saw machine for the pre-processing saw height
adjustment, squaring operation, and width and length dimensioning operation in the study.
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The analyses and evaluations of the 3 applications performed on the circular saw machine are
presented in Table 5, and the circular saw machine is shown in Figure 3.

Figure 3. The circular saw machine.

Table 5. OWAS task table and findings related to the applications performed on the

circular saw machine.

Analysis of stop combinations for pre-operation saw height adjustment in a circular saw

machine
Measurement  Operation Used OWAS Posture  OWAS Action OWAS Evaluation
No Time Machine Code Code Action Class
(Back, Arms,
Legs, Load)
4 5-10 second Circular 2 1 3 1 2 2 Requires
Saw ergonomic
Machine adjustment

Analysis of stop combinations for squaring operation on a circular saw machine

Measurement  Operation Used

OWAS Posture OWAS Action

OWAS Evaluation

N Time Machine Code Code Action Class
0
(Back, Arms,
Legs, Load)
5 5-10 second Circular 2 1.3 1 2 Requires_
Saw ergonomic
Machine adjustment
Analysis of stance combinations for width and length measurement operations on a circular saw
machine
) OWAS Posture OWAS OWAS  Evaluation
Measurement ~ Operation Used Code Action Action
No Time Machine (Back, Arms, Code Class
Legs, Load)
6 5-10 second Circular 5 2 2 1 2 2 Requires
Saw ergonomic
Machine adjustment
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For the fifth measurement, “Squaring Operation on the Circular Saw Machine”, the posture
combination analysis indicates that ergonomic adjustments are necessary.

For the sixth measurement, “Width and Length Measurement Operation on the Circular
Saw Machine”, the posture combination analysis indicates that ergonomic adjustments are
necessary.

2 applications were made for the drilling process to adjust the table height with a vertical
drilling machine in the study. The analyses and evaluations of the 2 applications conducted on
the vertical drilling machine are presented in Table 6, and the vertical drilling machine is
shown in Figure 4.

Figure 4.The vertical drilling machine.

Table 6. OWAS task table and findings related to the applications performed on the
vertical drilling machine.

Analysis of stop combinations for adjusting table height on a vertical drilling machine

Measurement  Operation Used OWAS Posture OWAS Action OWAS Evaluation

No Time Machine Code Code Action Class
(Back, Arms,
Legs, Load)
7 30-60  Vertical 2 1 2 1 2 2 Requires
second Drilling ergonomic
Machine adjustment

Analysis of stop combinations for drilling operations on a vertical hole machine

Measurement  Operation Used OWAS Posture  OWAS Action OWAS Evaluation

No Time Machine Code Code Action Class
(Back, Arms,
Legs, Load)
30-60 \Vertical It does not
8 second  Drilling 1 2 1 ! require
Machine ergonomic
adjustments.
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One application was performed for the turning process using a lathe machine in the study.
The analysis and evaluations related to the application on the wood lathe are presented in

Table 7, and the lathe machine is shown in Figure 5.

Figure 5. The lathe machine.

For the seventh measurement, “Table Height Adjustment on the Vertical Drilling
Machine", the posture combination analysis indicates that ergonomic adjustments are

necessary.

Table 7. OWAS task table and findings related to the applications performed on the lathe
machine.

OWAS Evaluation

Measurement  Operation Used OWAS Posture OWAS Action

No Time Machine Code Code Action Class
(Back, Arms,
Legs, Load)
9 30-60 Lathe 11 1 1 1 It does not
second Machine require
ergonomic
adjustments.

One application was performed for the linear edge banding process on the linear edge
banding machine in the study. The analyses and evaluations of the application performed on
the linear edge banding machine are presented in Table 8, and the edge banding machine.
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Figure 6. The edge banding machine.

Table 8. OWAS task table and findings related to the applications performed on the lathe
machine.

Analysis of stop combinations for edge banding process in a linear edge banding machine

Measurement  Operation Used OWAS Posture OWAS Action OWAS Evaluation

No Time Machine Code Code Action Class
(Back, Arms,
Legs, Load)
10 30-60 second Edge 1 1 2 1 1 1 It does not
Banding require
Machine ergonomic
adjustments.

Healthcare professionals working in the ambulance were examined and postural problems
were resolved using the OWAS method (Doormaal et al., 1995). The daily activities of the
nursery workers were recorded on video, their action postures were examined, and
precautions were taken against traumas that may occur in the musculoskeletal system (Grant
et. al., 1995). A risk analysis of back and waist pain in carpenters was made and suggestions
were made against strains arising from loading using the OWAS method (Gilkey et al., 2007).
The postures of supermarket employees were examined and suggestions for ergonomic
arrangements were made using the OWAS method (Carrasco et al.,1995).

4  Conclusion

In this study, applications were conducted on some machines used for educational
purposes in the Furniture and Interior Design Field workshops of vocational education
institutions, and ergonomic risk analyses were carried out by the OWAS technique with the
stages being observed.

Based on the observations and analyses conducted, we can list the issues we identified as
follows:

e Since the study was conducted with students, poor working postures have
affected their physical development.

e The machines used in the application are old models and the lack of the
necessary ergonomic equipment has also been an important factor.

230



Cakici et al., Furniture and Wooden Material Research Journal, 7 (2), 220-233

The machines used for practice are not different from those used in normal
industry which means the developmental levels of the students are not taken into
account during their design.

The ergonomic compatibility in the design of the machines is not sufficiently
considered.

Students do not have enough knowledge about proper working postures.

Due to the high number of students in the branches, they do not have enough
chance and time to practice on the machines.

They do not know that improper and inefficient working postures will become
habitual over time and may cause temporary and/or permanent disorders and
damages in the musculoskeletal system in the future.

It is a necessity to reduce or eliminate ergonomic risk factors arising from the mentioned
reasons. If this is not done, students who practice improper and inefficient working postures
will gradually develop habits that may lead to temporary and/or permanent disorders and
damage to their musculoskeletal systems over time.

Regarding the necessary ergonomic adjustments and improvement efforts for this purpose,

The machines to be used in the practical workshops of vocational training
schools should be selected following the physical development of the students.

The old-type machines in the application workshops should be replaced with
new ones as much as possible.

Machines designed for students should differ in size from those used by adults in
the industry.

Ergonomic compatibility should be considered in the design of machines,
especially with the fact that students will be using them.

More modern computer-controlled machines (CNC) should be preferred.

Students should be given training on appropriate working postures. Appropriate
and correct working postures should also be included in textbooks.

In schools that provide practical education, the number of students in each class
should not be too high, and each student should be able to practice sufficiently.

While providing training on occupational health and safety, training on
ergonomics and musculoskeletal disorders should be also given to the students.

Students who are still in the early stages of their vocational training will transfer the
correct working postures they learn and make a habit of to their lives after their student years.
In conclusion, it is important for students studying in the practical workshops of vocational
high schools to be ergonomically compatible with the machines they work with as this is
crucial for occupational health and safety in their future working lives. Non-ergonomic
working postures negatively affect occupational health and safety. Inappropriate working
postures will also increase the risk of workplace accidents and lead to musculoskeletal
disorders. Preventing potential issues like this is only possible during the student years
referred to as the initial learning phase of the profession.
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Physiological and psychological effects of wooden materials used in
sustainable alternative living spaces on human health

[smail Derda Giiler™>""", Onder Tor?

ABSTRACT: Regional population growth, depletion of natural resources, and environmental
problems have caused people to rapidly turn to mobile spaces that consume less energy and
are environmentally friendly living spaces. These mobile spaces should be designed within
the scope of sustainability principles and offer innovative solutions. Elements such as energy
efficiency, renewable energy sources, use of recyclable and sustainable materials, modular
and flexible design, minimalist life and optimum the use of compact space, adaptation to
climate and environmental conditions, social and economic sustainability, portability and low
environmental impact are essential in the design and production of sustainable mobile living
spaces. Wood is a natural, renewable, and sustainable material that solves these requirements.
When evaluated in terms of physiological health, the thermal balance of wood material,
moisture-regulating properties and natural fibre structure, and its harmony with the human
body are the reasons for preference. Regarding psychological health, the natural atmosphere it
creates in interior spaces, its stress-reducing, relaxing and peaceful effects, its air quality-
improving properties, and low volatile organic compound emissions have positive effects.
This study investigated the physiological and psychological effects of using wood, a
frequently preferred living material in designing and producing mobile spaces with
sustainable alternative living spaces suitable for road transportation and transport, on human
health.

Keywords: Furniture, Mobilite Life, Caravan, Tinyhouse

Siirdiiriilebilir alternatif yasam alanlarinda kullanilan ahsap malzemelerin
insan saghgi iizerine fizyolojik ve psikolojik etkileri

OZ: Bolgesel niifus artislari, dogal kaynaklarin tiikkenmesi ve ¢evresel sorunlar, insanlarin
hizla, daha az enerji tiiketen, ¢evre dostu yasam alan1 olan mobil mekanlara yonelmesine
neden olmustur. Bu mobil mekanlar siirdiiriilebilirlik ilkeleri kapsaminda tasarlanmali,
yenilik¢i ¢oziimler sunmalidir. Enerji verimliligi, yenilenebilir enerji kaynaklari, geri
doniistiiriilebilir ve siirdiiriilebilir malzeme kullanimi, modiiler ve esnek tasarim, minimalist
yasam ve kompakt alanin optimum kullanimi, iklim ve ¢evre kosullarma uyum, sosyal ve
ckonomik siirdiiriilebilirlik, tasnabilirlik ve diisiik ¢evresel etki gibi unsurlar, strdurdlebilir
mobil yasam alanlarinin tasarlanmasi ve iiretiminde 6nemlidir. Bu gerekliliklere bir ¢dziim
olarak ahsap, dogal, yenilenebilir ve siirdiiriilebilir bir malzemedir. Fizyolojik saglik
acisindan degerlendirildiginde, ahsabin termal denge, nem diizenleyici 6zellikleri ve dogal lif
yapisi, insan viicudu ile uyumu, tercih nedeni olmaktadir. Psikolojik saglik agisindan ise, i¢
mekanlarda olusturdugu dogal atmosfer ile stres azaltici, rahatlatict ve huzur verici etkileri,
hava kalitesini iyilestirici 6zellikleri ve diisiik ugucu organik bilesik salinimi olumlu etkilere
sahiptir. Bu ¢aligmada, siirdiiriilebilir alternatif yasam alanlarina sahip, karayolu ile ulagim ve
tasimaya elverisli mobil mekanlarin iiretiminde sik tercih edilen bir yasam malzemesi olan
ahsap malzeme kullanimmin insan sagligna fizyolojik ve psikolojik etkileri arastirilmistir.

Anahtar kelimeler: Mobilya, Mobil Yasam, Karavan, Ki¢uk ev
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1 Introduction

Being on the move has become central to many individuals' and societies' lifestyle choices
(Mclintyre et al., 2006). The main reason for this situation is related to the fact that lifestyle
mobility, which emerged based on the phenomenon of mobility, has a fluid, continuous and
transitional meaning (Duncan et al., 2013). In addition, today's global mobility has made life
more dynamic than in the past. When this situation is evaluated in the context of people's
spatial belonging, and social identity, it has reshaped the definition and scope of the concepts
of lifestyle, living space, travel, and tourism in societies. When the concept of mobility is
evaluated in the context of living space, cheaper living costs, milder weather conditions, a
more comfortable or peaceful lifestyle, the desire to see new places and cultures, and, in
general, the desire for quality life constitute the main factors among the reasons for the
adoption of the mobile lifestyle. The development of the human relationship with mobile
devices is the essence of freedom of movement (Sager, 2006). This is because individuals are
more accessible and flexible when planning vehicle trips. Which route they follow, where and
when they stop, is up to the individual's initiative. These trips offer individuals freedom but
also the opportunity to experience many emotions, such as loneliness, anonymity, intimacy,
and escape, and trigger these emotions. However, personal-use vehicles are popular because
they combine autonomous and independent mobility with privacy, power, and speed
(Merriman, 2009).

Caravan and tiny house living is an economical choice in terms of having the least contact
with the environment compared to classical residences, and it exhibits an environmentalist
approach in terms of energy saving and complies with sustainability criteria as a vital activity.
Regarding interior design, caravans and tiny houses offer a flexible understanding of space
with efficient space solutions that can be produced in a limited area and likened to a mobile
miniature house. In this respect, they combine comfort and freedom. Vehicles are designed
with comfort in mind, offering a cozy living space and enhanced quality of life through
materials, heating, lighting, ventilation, and the latest technological systems (Gurtekin,
2011).

Humans come into contact with the world through their bodies as physiological beings and
psychologically through their souls, establishing a relationship and interacting with it. When
people's relationship with the world is defined through the body in the physical sense, this
situation is decisive for the formation of space. However, when this formation is evaluated in
the triangle of the dynamic relationship between space, body and soul in interaction, the
design can be realized effectively. The interaction of the body and the soul is not static in the
space but is a moving, perceiving and responding mechanism. The human body, a static
entity, maintains integrity with space design principles. To ensure sustainability, spaces
should be designed from the user's perspective, providing physical and spiritual satisfaction,
rather than mass-producing standards for the static body. This approach ensures a sustainable
existence. Pallasmaa expresses this as "architectural space is lived space rather than physical
space, and lived space transcends geometry and measurability".

Along with these factors, another important issue in space design is the harmony between
the design materials, their arrangement and layout. All materials used in mobile space design
should serve the purpose in a useful way and positively contribute to users' lives. Since one of
the most important differences between mobile space designs compared to typical fixed space
designs is to make a practical application with a quality design in a compact area, it is also
imperative to evaluate the space volume most effectively (Er, 2023).

However, people's need for spiritual and psychological satisfaction is more important than
physical satisfaction. While the physical demands of human beings are met with a certain
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level of facilities, the level of satisfaction is generally high since spiritual and psychological
needs are constantly changing. The fixed and routine use of the mobile living space after the
architectural design and implementation of the mobile living space following the needs
provides physical satisfaction, the desire to see new places, experience discoveries, and
constantly change the location and view of the space by having a space that is continually on
the move is the most obvious indicator of a much higher level of spiritual and psychological
satisfaction. However, due to the limited living and movement space in the mobile space and
the necessity to spend time in the interior space independent of the outdoor space for a certain
period for accommodation purposes, it is important to use design and materials that are
spiritually and psychologically spacious, peaceful and calming along with the provision of
physical facilities in interior design and application. For example, factors such as taking
anthropometric data as a reference when creating furniture used in mobile spaces, creating a
psychological comfort distance for users in the interior space, and avoiding hard edges and
angular designs in caravan furniture for safety reasons are physiologically meaningful. In
psychological terms, caravan furniture is designed with different colour combinations. Natural
wood tones are more compatible with the caravan concept, and users prefer mostly light
colours or wooden furniture colours. Choosing light colours that do not strain the eyes in
caravans, which are places with limited space, creates a feeling of spaciousness in users.
Simple and easy on the eyes colours should be preferred in spaces integrated with nature.
Such colours evoke a sense of order, calmness and confidence in users.

This study examined the physiological and psychological effects on human health of wood
and wood-based materials used in mobile spaces with sustainable alternative living spaces,
together with the issues of space as a living space, life in mobile space, design and application
in mobile space. In particular, the contributions of wood and wood-based materials to the
sustainability of mobile spaces and human health are focused. In addition, scientific research
in the literature on the environmental effects of wood as a natural material and its effects on
human psychology and physiology has been compiled. A perspective on using this material in
sustainable alternative living spaces has been presented. In addition, since its natural structure
offers many advantages in terms of both aesthetics and health, the psychological effects of
wood material on individuals, its role in reducing stress and anxiety levels, its positive
contributions to mood, creating a natural environment feeling with biomimetic designs,
offering living space in harmony with human nature, improving indoor air quality, providing
moisture balance and thermal comfort are detailed, and the design and technical advantages of
using wood in the flexible and portable structure of mobile spaces are also evaluated.

2 Literature summary
2.1 The concept of mobile (dynamic) space

Human beings perform the act of voluntary or involuntary movement by nature. While this
action may have many reasons, such as social, cultural, political, economic or natural
disasters, spaces have been transformed, especially under the influence of conditions such as
the global pandemic. Houses built by people for shelter and protection are designed with the
desire to be mobile, mobile, easily relocatable and mobile, sometimes not being fixed due to
technical impossibilities and nomadic culture, and sometimes moving by different needs
(Tuncel, 2007). A shelter that has mobility, can be moved from one location to another by
itself or with a motorized vehicle through the motorized parts it contains, and has the
necessary equipment to carry out vital activities for short or long periods is defined as a
mobile (mobile) space. The architectural structures presented in parallel with mobile life
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involve a much more profound transformation as opposed to a temporary solution. As
technological developments, materials and communication continue, these structures are fully
included in everyday life. In this context, mobile and micro dwellings are also gaining
importance (Er, 2023). In this direction, when the reasons for the increasing interest in mobile
spaces are considered, reasons such as sustainability, motivation, productivity, belonging,
individuality, and functionality have an essential place in people's adoption of the mobile
lifestyle over time by bringing a different dimension to their habitual lifestyles every day
(Buldag, 2021).

2.2 Types of mobile spaces

Mobile spaces include offshore structures, containers, trailers, prefabricated structures,
capsules, disaster housing and caravans (trailers and motorhomes). However, they are
classified under two main headings: immobile (relocatable, removable) and mobile (portable)
mobile spaces.

2.2.1 Immobile spaces

Stationary mobile spaces paces that are attached to the ground and can be dismantled and
assembled. These spaces can be dismantled for specific purposes, reassembled and fixed in
the same way in another location. Relocatable structures are constructed according to the
conditions of the area, transported in sections and allow for the creation of larger spaces than
other mobile spaces. The most commonly used types are tiny houses, THOW and containers
(Figure 1.). They can be used in regions with different climatic conditions and are preferred
for less material waste and sustainability. Solar energy systems run electricity and ventilation
in the buildings in these spaces, providing ecological sustainability.

Tiny house (THOW): The term "tiny house" literally means "small house". Structures that
are on wheels but cannot move on their own and are non-motorized are called "tiny houses"
or "THOW (Tiny House on Wheels)" in English. Tiny Houses have wheels and chassis and
are towed by connecting to another vehicle. These houses were built in specific sizes to
enable overland travel (Evans, 2017).

2.2.2 Mobile spaces

Movable mobile spaces can be towed or moved as a whole with the help of a vehicle
without being divided into parts. Mobile dwellings can be transported by towing vehicles,
railways, trucks and lorries, can be positioned horizontally or vertically in the area where they
are transported, and can be added and removed due to their modular design. Movable mobile
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spaces are lightweight structures that can be used in all seasons, personalised, easy to
disassemble and install, and more economical than stationary dwellings. This is why mobile
spaces are preferred over standard residences (Er, 2023).

Suppose it is necessary to classify these spaces according to their usage areas. In that case,
it is usual to list them as caravans for permanent living, caravans for shelter, temporary
caravans for emergency aid, caravans open to public use, caravans used for medical or
scientific activities, caravans for use in different natural conditions. In Tirkiye, caravans are
predominantly used for tourism purposes. With the increasing population, reasons such as the
desire to go to quiet places, changing lifestyles and consumption patterns, and natural
disasters are essential in regaining the former attractiveness of the caravan culture. Especially
considering the global pandemic process caused by the COVID-19 virus, the number of
caravan users who leave their current living spaces and move to different areas for physical
and mental relaxation and motivation, where people have to be isolated, has increased day by
day. Despite the uniform/uniform housing solutions, caravans are designed with an approach
that acts more holistically and includes all the necessary equipment. In addition, the fact that
the interior space arrangement fulfils the maximum function: it is easy to clean, the
responsibility is less than a conventional housing type, it has a lightweight carrier system, and
the simultaneous and flexible use of the interior space with the exterior space, etc. can be seen
as factors that increase the interest in caravans (Akgil, 2006). Caravan types designed for
different purposes of use and showing change and development with the effect of time and
technology are as follows;

Towing Caravans: These caravans are not equipped with moving equipment but are
connected to a motorized vehicle with suitable fasteners and moved by towing. Users can
detach their vehicles from the towing caravan at any time. Unlike relocatable and removable
spaces, they can be moved by pushing and pulling. Users leaving their caravans in parking
lots can travel with their vehicles. This is an important factor in the preference of towing
caravans (Colak, 2005).

Motorized caravans (Motocaravans): These caravans (Figure 2) are built on a chassis with
a gear and engine system (Davidson, 1973). Among motorhomes, the type modified only
inside the vehicle by preserving the standard features outside the wvehicle is called an
integrated Caravan (Figure 3). The type with various changes in exterior dimensions and
interior positioning by placing composite blocks on the chassis is called Alkovenli Caravan,
and the type with standard sizes and more limited living facilities with an upgradeable roof is
called Campervan. In addition, these vehicles are defined as mobile living spaces that meet
the standard dimensions of motor vehicles and can meet the actions that users need on a
minimum scale. Campervans and alkoven caravans have interior designs with kitchen, toilet,
shower, living, sleeping, and storage areas. Commercial vehicles are used for campervan
models. Alkoven caravans have a bed area above the driver. Semi-integrated caravans have
kitchen, toilet cabin, seating group, and dining table (Oren, 2021).

()
Figure 2. Alcoven Caravan (a), Campervan (b), (Kilig, 2024)
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Figure 3. Trailer Caravan (a), Semi-integrated Caravan (b), (Kilig, 2024)

2.3 Mobile space design criteria

From the user perspective, the following criteria are effective in space design:
Spatial Requirements: Static and dynamic anthropometric dimensions of the person in the
space, their actions and behaviours, and how their actions are performed.

Thermal Requirements: Suitable temperature, humidity, radiation and air movements in the
space.

Auditory Requirements: Suitable sound intensity and sound reflection-diffusion properties in
the space.

Visual Requirements: Suitable light intensity-brightness levels in the space.

Tactile Requirements: Desire to satisfy the material texture used in the space.

Health Requirements: Provide clean water for the space, eliminate waste, and protect the user
from microbes and pests.

Safety Requirements: Provide adequate structural strength of the space to protect against fire,
disaster, theft, and accidents.

User Psychosocial Requirements: Positive reflection of the user's living space-environment
relationship on their psychology.

Privacy Requirements: The space suits auditory, visual, personal and social privacy.

Behavioural Requirements: The distances that people need at the moment of their actions in
the space are the individual limit of 45 cm, the distance between individuals is 45-120 cm, the
distance within the community is 120-360 cm, and the public distance is the distances
depending on the visual relationship that is greater than 360 cm.

Aesthetic Requirements: The appropriate form, colour and textural features of the space.

Social Requirements: The social relations in the space, the requirements of the social
structure-organization.

Sustainable Energy Consumption and Low Carbon Emission Requirement: The use of
energy-labelled white goods, the consumption of clean energy such as solar energy for
electrical appliances and lighting, and the provision of low or zero carbon emission rates
(Colak, 2005).

2.4 Types of wood materials used in mobile spaces

Natural wood or solid wood material obtained without changing its characteristic features
and wood-based material developed by changing its characteristic features for more efficient
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use by utilizing technology, wood composite material obtained by combining woody material
with a non-wood material, are used in mobile spaces, especially in the production of furniture
and structural elements (Table 1).

Table 1. Types of Wooden Materials Used in Mobile Spaces (Kilig, 2024)

1. Wood Based Panels
a) Plywood
b) Plyboard
c) Particleboard [Particleboard, Waferboard, Flakeboard, OSB (Oriented Strand Board)]
d) Fibreboard (MDF, HDF, Insulation Board)
2. Structural Composites
a) Structural composite timbers [PSL (Parallel Strand Lumber), LSL (Laminated Strand Lumber), OSL (Oriented
Strand Lumber), LVL (Laminated Veneer Lumber), GLULAM (Glued Laminated Timber)]
b)  Structural board products [Structural plywood, structural flakeboards (waferboard, OSB)]
c) Wooden beams
3. Mechanically Laminated Elements
4. Molded Products
5. Wood-Non-Wood Material Reinforced Composites
d) Composites using inorganic materials as binders (Gypsum boards, magnesium cement boards, portland cement
boards)
e) Wood fibre - thermoplastic composites (High thermoplastic content composites, low thermoplastic content
composites, non-woven textile type composites)
f)  Translucent wood
g) Wood-reinforced fibre cement panels
h) Waste wood and waste gypsum-based boards
i) Paper-reinforced wood products

2.5 Space from a physiological and psychological perspective
2.5.1 Spatial perception

Perception is an active process that takes place in the form of reading environmental
information through the senses and a mental process (Ozen, 2006). In architecture, perception
is mainly addressed from the ecological or spatial perception perspective, and the objective
world is transferred to subjective consciousness through the senses. In this process, the
perception of space and its elements consists of four elements: symbolic, visual, sensory and
selective perception. A symbol that represents an element but has another quality
automatically directs the person to a mental process and directs them to find the whole
symbol and what it means. Symbols, important data of Symbolic Perception located in space,
are learned "stimuli" that have value and meaning for the individual and have an abstract
feature. Still, they are closely related to concrete space.

Visual perception is the mental acquisition of the mental image of any event or object
through elements such as colour, texture, and form in space, using data from visual sensation.
Visual perception is essentially a physiological process, but psychological factors influence its
functioning and visual perception occurs when the individual selects from the chaos of images
around them in line with their needs and motivations and performs the visual process
(Inceoglu, 2010).

Cognitive/mental perception is the process in which the individual conceptualizes the
information they have obtained spontaneously due to psychological and mental
transformations and creates it through coding, storage, recall and analysis (Ozen, 2006).
Sensory perception is the experiencing of information received from the environment through
sensory organs such as visual (light-colour), olfactory (smell), auditory (sound), tactile
(texture-heat) and dimensional (Yazicioglu, 2010).

Colour in visual perception: Experimental studies have determined that light colours
illuminate the space they are used in; dark colours darken it and make it difficult to

240



Guler and Tor, Furniture and Wooden Material Research Journal, 7 (2), 234-249

understand (Brebner, 1985). The direction, intensity and glare level of the light used are
practical for changes in the visible amount of the colour (Géler, 2009). Colours close to
yellow have a warm effect, and colours close to blue have a cold effect.

Light in visual perception: Light is the primary physical perception related to colour. In
general terms, colour cannot exist without light because the perception of colour is caused by
energy in the form of light. The smaller a light source or, the more parallel the light beam
emits, the more contrasting the light it gives, and the sharper and darker the shadows.
Conversely, the larger the light source, the more widespread it emits, the less contrasting the
light it gives, and the more transparent the shadows (Goler, 2009).

Auditory Perception: Auditory perception of space produces different effects according to
the echo and reverberation (reflection) period. Depending on different form features, a long
reverberation period creates the feeling of being in a small space. The fact that the materials
used in forming the space have different absorption qualities due to their textural
characteristics allows them to be used as a factor affecting auditory perception (Hede and
Bullen, 1981).

Smell perception: Smell in the space creates positive and negative feelings in individuals.
While unwanted smells such as sink drains, smoke, and food that occur due to the use of the
space create negative emotions, natural smells found in natural environments or essential
smells applied to make a positive effect on the environment have positive effects on the
psychological health and morale of the person.

Heat in tactile perception: The yellow-red colour of fire creates a warm colour association;
the blue-green colour of ice creates a cold colour association, which causes the colour, which
is the visual variable of the space, to be divided into two as ‘warm' and 'cold’ colours. It has
been determined through experiments that some textural features create a warmer or colder
effect due to the perception of the space. While a smooth textured surface creates a freezing
effect, a rough surface creates a warm effect. We generally perceive closed, narrow and low
spaces as warm; open, comprehensive and high spaces as relaxed, crowded and secluded as
warm (Porter, 1979).

Texture in tactile perception: Texture dramatically affects the visual values of the space
and is a stimulating communication element that simultaneously activates two emotions,
vision and touch, which characterize the space-surface-material relationship (Gezer, 2007).
Textural features on surfaces of the same color and strength can create varying tone
differences, with smooth textures causing a colder effect and rough textures causing a warm
effect (Porter, 1979).

2.5.2 Spatial meaning

Living spaces and the meanings attributed to these spaces are one of the most critical
elements of communication between the individual and the space and the interaction between
the environment and the person. Physical space is an environment that transmits and affects
the traditions, cultures, values, judgments, and worldviews of those living in it, and it contains
many meanings. In other words, interaction with the lived space is individual. Therefore, the
meanings attributed to the space change according to time, situation, and people. In
architecture, it is possible to see the use of objects and their benefits in psychology studies on
meaning, especially in studies on symbols that guide behaviour. In short, spatial meaning is
used mainly in semantic models based on linguistics, in studies based on symbols, and in
studies based on nonverbal communication in anthropology, psychology, and ethnology. The
meaning of space, place identity, place attachment, and sense of place are also significant in
studies on environmental psychology (Gustafson, 2001).
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2.5.3 Spatial sustainability

Sustainability is physiologically and psychologically crucial in defining and implementing
the spatial structure of designed interior spaces. To reduce carbon emissions (carbon
footprint) to the atmosphere, it is necessary to use biomimetic sustainable building materials
that are environmentally friendly and compatible with nature in these spaces. It is expected
that the effectiveness of naturalness on interior space structures will be increased, the hidden
carbon footprint in structures and products will be reduced, and sustainability will be
contributed. Biomimicry is defined as taking inspiration from nature's forms and processes
and imitating nature to solve people's design problems (Benyus, 1997). As Ata¢ (2019)
mentioned in her thesis, the definition of biomimicry in architecture is expressed as using
natural and ecological materials in structures. Biomaterials are materials that can be destroyed
without causing natural destruction or are functionalized for reuse when the structure
completes its useful life and thus do not create waste. Natural and ecological materials
constitute the content of biomaterials, and microorganisms provide sustainable approaches to
such structures.

Carbon footprint, in the 21st century, global warming accelerated by greenhouse gas
(GHG) emissions, especially carbon dioxide, poses a crisis for the environment and human
society (Solomon et al., 2007). Product design with a low carbon footprint has become the
focus of scientific research and industrial production since the signing of the Kyoto Protocol
(Xu et al., 2015). The Protocol, which includes a series of specifications such as 1SO
(14040/44/64/65/66/67) and PSA (2050/60), aims to regulate carbon emissions from products
(Su et al., 2012) and forces companies and designers to modify products to meet low carbon
requirements (Tang et al., 2017). Research shows that approximately 84% of greenhouse
gases are obtained from carbon emissions from energy production (Park et al., 2009).
Therefore, strategies that focus on researching the carbon footprint and developing low-
carbon design strategies effectively reduce carbon emissions (Song and Lee, 2010). When
analysing and designing a product for the carbon footprint of an interior space, it is often
challenging to integrate low-carbon, innovative products with the conceptual design process.
To solve this problem, the use of biomaterials, a new low-carbon design method based on
multi-layered carbon footprint research, is becoming important in interior spaces (He and
Hua, 2017). Based on this approach, using renewable materials in interior spaces, low-carbon
ecological designs should be made. When the production processes of sustainable, low-carbon
emission interior and exterior spaces are considered globally, they are essential for humanity's
physiological and psychological health to last for centuries. When the carbon footprint
decreases, every living creature in the natural habitat is positively affected.

3 Results and discussion

Physiological and psychological effects of using wood materials in space design :
According to the World Health Organization constitution, health is defined as "a state of
complete physical, mental and social well-being and not merely the absence of disease or
infirmity" (Colburn, 1968). How people perceive and interact with their environment can
affect their well-being, stress levels and general health, and for most people, their living
spaces are their primary environments (Wade and Tavris, 2000). Therefore, the psychological
well-being component is also important within a person's health framework, and this needs to
be added to the concept of healthy space. To fully understand the meaning of health in living
spaces, it is essential to reveal its psychological effects. Recent scientific evidence shows a
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strong connection between space and health (Krieger and Higgins 2002). For the user, the
lived space is more than just a building; it constitutes a system in which many parts, including
its structure, lighting, acoustics and air quality, are interdependent (Building Science Basics,
2001). A general framework for a healthy space includes environmental sustainability,
universal design and consideration of user health (Spetic et al., 2005). Research on user health
often considers indoor air quality, water quality, lighting, and acoustic properties, with
improving indoor air quality being a key focus. (Spetic et al. 2005).

Building biology examines the relationship between structure, physiological, and
psychological health. Negative factors in interior and exterior structures and the negative
impact on health due to these factors should be considered. (Balanli and Oztiirk, 2006). When
this situation is ignored, the Sick Building Syndrome develops the disease symptoms that
occur during the construction and use of the structure as a living space and continue
throughout its use. This disease, also called Plaza Disease, occurs because the materials
preferred for various reasons during the interior design and production of the structure are not
suitable for human nature and optimum quality of life, the amount of chemicals used in the
production of the materials are high and harmful to human health, they are not preferred for
indoor use, and there are insufficient space ventilation opportunities, and such reasons cause
problems such as coughing, irritation, sneezing and upper respiratory tract disorders in
humans. High carbon footprints in architecture materials like steel, concrete, aluminium,
plastic, and glass contribute to greenhouse gas emissions whereas biomaterials, like wood,
hemp, paper, flax, and cork, reduce these emissions. (Lippiatt, 2011).

The terms “green building”, “nature-connected design” and “biophilic design” refer to
interior designs that use natural materials, shapes, forms and colours that give a sense of
connection with nature. Wooden buildings are also relatively unique in their thermal
properties and effects on light and noise conditions. However, wood is a renewable material
that can store carbon in the structure for decades, and the production of wooden building
materials is less CO2-intensive than traditional building materials such as steel and concrete.
Wood is also promoted as a material that enhances the sense of nature in interior spaces, thus
increasing the comfort and well-being of the user. In addition, interdisciplinary studies in
architecture and neuroscience have become widespread regarding how people perceive their
built environment and how this affects their behaviour. Scientists have investigated how
behaviour is affected by various stimuli, including in the built environment, and how this
process can occur throughout life (Jarmusch, 2003).

However, many studies have investigated the physiological and psychological effects of
using wood in interior spaces. In a study conducted in Finland with 729 participants, those
living in log-framed houses reported their general health as “good” more often than those
living in lightweight-framed houses or masonry/concrete houses (Anttila et al., 2012). This
situation is also the case in mobile living spaces where wood is predominantly used in ceiling,
wall and floor coverings and objects in the living space. Indeed, it is estimated that the
positive effects of natural climatic external factors and the use of wood in the interior spaces
of mobile spaces, generally located in rural areas, will contribute to further improvements in
the users' health. A study among 87 workers in three old brick buildings and 42 workers in an
old wooden building in Norway assessed tear film stability, subjective symptom frequency
(often, sometimes or never), symptom indices (general, mucosal and dermal), and perceived
indoor work environment (Bakke et al., 2011). Workers in wooden buildings reported lower
fever, subjective symptoms, general and mucosal indices, and fewer complaints about air
congestion compared to brick buildings, as shown in a Swedish study. (Walinder, 2001).
These results show that solid wood materials used in the compact area of mobile space tend to
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reduce upper respiratory tract discomfort. Solid wood products are important to improve the
respiratory quality of mobile space with limited and narrow space due to limited oxygen
amount. In a study conducted by Sakai et al. (2004), it was determined that although the
common VOC (Volatile Organic Compound) emissions in modern non-wood (stone or
concrete) houses in Nagoya with wooden structures were lower than other building types,
formaldehyde concentrations were significantly higher than in wooden houses. This situation
can be assumed as a fundamental reason why wood is preferred among various construction
materials in mobile space. Using materials that have carcinogenic effects in mobile spaces
where sheltering activities are carried out will cause significant problems.

Some studies have also reported the physiological effects of visual stimulation of wooden
room interiors. Tsunetsugu et al. (2007) investigated the difference in physiological effects of
visual stimulation of rooms with different designs and wood proportions. Actual rooms (13
m?) were constructed for the study. Living rooms in Japan usually contain about 30% wood.
Based on this, four rooms (all 13 m? in area) were constructed for this study: a typical wooden
living room (30% wood), a room with extra wood added to the walls (45% wood), and a room
where almost all the walls and the entire floor and ceiling were covered with wood (90%
wood). Visual stimulation with a 30% wood room decreased participants' diastolic blood
pressure and pulse rate, indicating physiological relaxation effects in this room.

In contrast, visual stimulation with a 45% wood room increased pulse rate. In a 30% wood
room with added wood columns and cross beams (a designed room that increased the total
wood content to 40%), participants' pulse rates increased similarly to those in the 45% wood
room, indicating physiological alertness. Sueyoshi et al. (1995) investigated the effects of
auditory stimulation with wood on physiological response with a study involving experiments
on floor impact sounds in a wooden house. The effects of light floor impact sound on the
participants' EEG (Electroencephalography) values and systolic and diastolic blood pressure
were investigated. The measurements were carried out in a room in an experimental two-story
wooden house. Each participant, sitting on a chair in the middle of the room downstairs, was
exposed to light floor impact sounds produced by a percussion machine upstairs for 5
minutes. Four light floor impact sounds at 54, 63, 73 and 78 dBA and a control (no impact
sound, leaving an average background noise level of 47 dBA) were randomly generated for
each participant. This showed that the frequency of alpha and theta waves in the EEG
decreased as the level of the light floor impact sound increased and that the increase in
systolic blood pressure immediately after exposure to light floor impact sounds depended on
the level of the sounds. In Japan, several studies have focused on olfactory stimulation with
Japanese cedar (Cryptomeria japonica), a common and well-known coniferous tree, and
Taiwan cypress (Chamaecyparis taiwanensis). Tsunetsugu et al. demonstrated the effects of
olfactory stimulation with Japanese cedar wood chips on participants' prefrontal cortex
activity and blood pressure. Following olfactory stimulation with Japanese cedar chips,
participants showed decreased total haemoglobin (total Hb) concentration in the left and right
prefrontal cortex and reduced systolic blood pressure. This indicated that olfactory stimulation
has a physiologically relaxing effect.

In addition, in many studies, the general acoustic comfort level in wooden buildings is
satisfactory (Bard et al., 2019). It has been observed that ground vibration is below the
recognized human comfort thresholds. Spah et al. also found that the general acoustic
satisfaction scores of the occupants in wooden buildings are high. (Spah et al., 2014). Along
with the sound insulation provided by the material in mobile living spaces, the effect of sound
elements on the living space's external environment is an important factor in determining the
quality of the living space. At this point, studies show that the acoustic satisfaction level of
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the user will increase, especially when wood is preferred for the coatings on the walls, ceiling
and floors of the mobile space. Impact sound insulation in the low-frequency range is an
important point regarding the satisfaction of the occupants of light wood-based buildings
(Caniato et al., 2017). According to the data determined in all these studies, it is clear that
using wood in mobile spaces affects respiration, blood pressure, light reflex, olfactory
comfort, acoustic balance and other personal health improvements. Therefore, many positive
effects of solid wood on physiological health have been proven.

Wooden interior spaces have been studied for psychological effects, with participants rated
brighter and warmer in light brown and dark brown walls compared to simple white walls.
(Zhang et al., 2016). In addition, Masuda (1992) found in his study that the natural variability
of wood, especially across cultures, evokes different psychological feelings in individuals. For
example, in Japan, knots are seen as defects or deficiencies, and people associate them with
"cheapness”. The Japanese prefer clean wood because it is more compatible with their
fondness for "purity”. On the contrary, in Europe and North America, wood products
containing knots are widely preferred and associated with descriptors such as "natural” and
"rustic”. At this point, personal preference is prioritized in mobile spaces, and solid wood
material cut in transverse, radial and tangential directions and solid panel wood material
combined in a way that can create different visual qualities can respond to user preferences
more than ever since it is obtained from different tree species.

Studies conducted in Japan have attempted to establish a scientific link between the use of
wood and individual interpretations and feelings about the environments created by its use.
The findings showed that interiors containing a high proportion of wood were generally
described as "warm™ and "calming". Interestingly, a positive relationship emerged between
these descriptors and wood colour, significantly as its value increased in the yellow-red (YR)
spectrum. Parallel to this study, the wood materials used in the interior design of mobile
spaces are generally yellow-red and brown tones, offering a warm and calming effect to the
user in various tones. In a study conducted in a room with an artificial climate at the Center
for Environment, Health and Field Sciences, Chiba University, the results of the participants’
subjective touch of an experimental combination of marble, tiles, stainless steel and cedar
plywood were examined by measuring tactile stimulation. As a result, oxy-Hb concentrations
in the left/right prefrontal cortex decreased immediately after touching white oak with the
palm (Masuda et al., 1988).

Similarly, the mean oxy-Hb concentration was significantly lower in the right prefrontal
cortex when touching white oak than when touching the other materials. In terms of “feeling
of comfort,” participants gave subjective reports of feeling “somewhat comfortable” after
touching white oak but reported feeling “indifferent to slightly uncomfortable” after touching
the other materials. Thus, touching white oak was significantly more comforting than
touching other materials. Furthermore, in terms of “feeling of relaxation,” participants
reported feeling “slightly relaxed” when touching white oak but “indifferent to slight arousal”
when touching tile and “slightly to moderately aroused” when touching marble and stainless
steel. Thus, white oak was significantly more comforting than the other materials. The results
of this exploratory study suggested that people have an innate understanding of wood
environments as healthy environments, with wood rooms generally being positively perceived
as “warm,” “relaxing,” “restful,” “natural,” and “inviting/relaxing” spaces. According to the
data determined in all these studies, it is clear that the use of wood in mobile spaces has
harmony, simplicity, balance, a peaceful and stress-free environment, and other relaxing and
psychological healing effects. Therefore, many positive effects of solid wood on
physiological health have been proven (Cohen et al., 2007).
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In addition, many studies have proven that biophilic design, including wood, can improve
human health and well-being. For example, the use of biophilia in interior design has been
found to provide various physical benefits, including improved physical fitness, lower blood
pressure, increased comfort, fewer disease symptoms, and improved health, as well as various
mental benefits, such as increased satisfaction, motivation, less stress, anxiety, and improved
problem solving, increased attention and concentration, improved social interaction, and less
aggression and productivity (Yin et al., 2018).

4  Conclusion

e Incorporating innovative, low-carbon products into the conceptual design process
can be challenging when assessing and creating the carbon footprint of an interior
product. Applying biomaterials in interior design, a new low-carbon design
approach based on a multi-layered carbon footprint study, becomes important to
address this issue. This method suggests that interiors should be designed with
renewable materials to create low-carbon ecological designs.

e The long-term physical and mental well-being of people should take into account
the global production processes of sustainable, low-carbon indoor and outdoor
environments. All living beings in their natural habitat benefit when the carbon
footprint is reduced.

e The materials chosen for the interior design and construction of the building are
not suitable for human nature and the best possible quality of life for a variety of
reasons, including the high and hazardous chemical content of the materials'
production, unsuitability for indoor use, lack of proper ventilation, etc. High
levels of greenhouse gas emissions, materials such as steel, concrete, aluminium,
plastic and glass and their production processes can be given as examples. These
reasons lead to upper respiratory tract disorders, sneezing, coughing and
discomfort. The primary cause of these problems is the high carbon footprint of
materials used in buildings today.

e The increase in blood pressure resulting from contact with artificial materials such
as metals and acrylic is significantly affected by the temperature of the material.
Wood is a material that should be preferred, especially in interior spaces, because
contact with it does not increase blood pressure, whether cold or at room
temperature.

e Since they are obtained from different tree species, solid wood material is cut in
tangential, radial and transverse directions and solid panel wood is combined to
create various visual qualities that can respond to user preferences in mobile
spaces.

e According to the findings of this exploratory study, individuals naturally view
wooden spaces as healthy, and wooden rooms are generally viewed positively as
"warm", "relaxing", "restful”, "natural”, and "inviting/relaxing" places. Personal
preferences affect resource allocation, and wood's aesthetic appeal and
technological advantages make it a superior choice for mobile living spaces.
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Sustainability management practices in the furniture sector: an analytical
study
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ABSTRACT: This study presents an analysis to evaluate the sustainability performance of a
company operating in the furniture sector and to shape its future strategies. Initially, critical
data such as production volume, energy consumption, waste volume and business customer
satisfaction were examined. A correlation and regression analysis was then carried out to
determine the relationships between these data. The results of the analysis indicated that the
company should focus on energy efficiency, waste management and customer satisfaction. In
particular, the high correlation between energy consumption and production volume
emphasizes the need for the company to review its energy efficiency measures. In addition,
the negative relationship between waste volume and customer satisfaction suggests the
development of waste management and recycling programs. This study highlights the
importance of green innovation in determining the company's sustainability strategies. It can
be said that green innovation can play a significant role in reducing environmental impacts
and supporting sustainability goals.

Keywords: Sustainability Management, Furniture Sector Analysis, Green Production

Mobilya sektoriinde siirdiiriilebilirlik yonetimi uygulamalari: analitik bir
calisma

OZ: Bu calisma, mobilya sektoriinde faaliyet gosteren bir sirketin siirdiiriilebilirlik
performansii satig sonrasi miisteri memnuniyeti Olgiitiiyle degerlendirmek ve gelecekteki
stratejilerini sekillendirmek amaciyla bir analiz sunmaktadir. ilk olarak, isletmenin iiretim
miktari, enerji tiiketimi, atik miktar1 ve miisteri memnuniyeti gibi temel veriler toplanarak, bu
veriler incelenmistir. Ardindan bu veriler arasndaki iliskileri belirlemek i¢in korelasyon ve
regresyon gibi iliskisel analizler yapilmistir. Analiz sonuglari, isletmenin enerji verimliligi,
atik yonetimi ve miisteri memnuniyeti alanlarma odaklanmasi gerektigini gostermektedir.
Ozellikle, enerji tiiketimi ile iiretim miktar1 arasindaki yiiksek korelasyon, isletmenin enerji
verimliligi dnlemlerini gozden gegirmesi gerektigini vurgulamaktadir. Ayrica atik miktari ile
miisteri memnuniyeti arasindaki negatif iliski, atik yonetimi ve geri doniisiim programlarmin
gelistirilmesi gerektigini isaret etmektedir. Bu veriler gercevesinde bu calisma, isletmenin
strdurdlebilirlik stratejilerini belirlerken yesil inovasyonun da g6z Oniinde bulundurulmasi
gerektigini vurgulamaktadir. Yesil inovasyonun, ¢evresel etkilerin azaltilmasinda ve
strdrdlebilirlik hedeflerinin desteklenmesinde 6nemli bir rol oynayabilecegi soylemek
mumkinddr.
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1 Introduction

Today, businesses are increasingly prioritizing the adoption and implementation of
sustainability principles. Sustainability is the effort of businesses to balance their
environmental, social, and economic impacts to ensure long-term success and growth
(Epstein, 2018). In this context, businesses operate with a focus on profit and consider their
impacts on society and the environment (Barbosa et al., 2020).

Furthermore, the increasing awareness among consumers and their growing demands for
environmental consciousness are directing businesses to focus more on sustainability
principles (Kautish & Sharma, 2020). Today's consumers not only care about the quality and
price of products but also consider the environmental and social impacts of the production
process when making purchasing decisions, thus they form a more conscientious consumer
base (Rustam et al., 2020). Therefore, businesses can respond to these changing consumer
expectations and gain a competitive advantage by embracing sustainability principles (Boz et
al., 2020). In this context, developing and implementing sustainability-focused strategies by
businesses operating in the furniture sector can lead to environmentally and economically
significant outcomes (Schiano et al., 2020).

The furniture sector holds significant threat in sustainability issues such as using natural
resources, waste management, and energy consumption (Xiong, 2020). This sector can cause
environmental impacts across various processes from raw material sourcing to the distribution
of final products. Additionally, furniture products are generally expected to have a long
lifespan, making the sustainability of production and consumption processes even more
critical (Hartini et al., 2020).

This study in this context aims to evaluate the sustainability performance of a furniture
manufacturer that produces chairs and shapes its future strategies. This company is a
prominent player in the sector and prioritizes customer satisfaction. However, it has potential
for improvement in certain areas to advance sustainability.

This study presents a series of analyses to understand a company operating in the furniture
sector's sustainability performance and determine its future strategies. The analysis aims to
identify areas where the company can improve, particularly in critical areas such as energy
consumption, waste management, and customer satisfaction. In this way, it aims to contribute
to achieving sustainability goals.

2  Conceptional Dimension

Sustainability in production entails a range of strategies aimed at mitigating businesses'
environmental footprint and optimizing resource utilization (Appolloni et al., 2022). At its
core lies green production which embraces eco-friendly practices and offers long-term
competitive advantages to businesses. In this context, green manufacturing strategies
encompass holistic approaches businesses adopt to achieve sustainability objectives (Madah,
2023). These strategies focus on implementing eco-conscious practices, enhancing energy
efficiency, minimizing waste generation, and mitigating environmental impacts (D’ Angelo et
al., 2023). Their implementation on a global scale contributes to maintaining economic and
ecological balance.

2.1 Energy Efficiency

Energy efficiency is a critical component of sustainable production practices driven by the
need to reduce greenhouse gas emissions and mitigate climate change (Dell’Anna, 2021; Lu
et al., 2020; Tennison et al., 2021). Sustainable production models focus on minimizing
energy consumption while maximizing the output (Zhao et al., 2022). Key strategies include

251



Giiltas, Furniture and Wooden Material Research Journal, 7 (2), 250-265

deploying intelligent sensors and monitoring systems to track and optimize energy use in real
time (Ma et al., 2020; Chinnathai & Alkan, 2023) and integrating energy-saving technologies
such as upgrading equipment and adopting intelligent energy management systems (Akhtar et
al., 2020; Rodriguez & Fumo, 2021).

In addition, businesses are increasingly adopting renewable energy sources including solar,
wind, and hydroelectric power to reduce reliance on fossil fuels (Holechek et al., 2022; Li et
al., 2021). The implementation of on-site solar panels has been demonstrated to result in a
reduction in energy costs and carbon emissions, thereby contributing to the achievement of
sustainability objectives (Brown et al., 2021). These measures not only reduce energy
consumption and environmental impact but also enhance operational resilience,
competitiveness, and resource conservation (Belkhir & Elmeligi, 2019; Ekinci et al., 2022).).

2.2 Waste Management

The close relationship between energy efficiency and waste management demonstrates that
optimizing energy use in production processes can also reduce waste generation. The
alignment of production processes with energy efficiency goals serves to minimize waste at
its source, and thus it ensures the sustainability of industrial operations (Vertakova &
Plotnikov, 2019). Effective waste management entails the efficient utilization of resources,
the reduction of pollution, and the minimization of ecosystem degradation (Dada et al., 2022).

The key strategies for the reduction of waste include the optimization of resource
utilization, the prioritization of recyclable and reusable materials, and the integration of
circular economy principles in product design (Nizeti¢ et al., 2019; Das et al., 2019). The
recycling and reuse of materials serve to enhance resource efficiency with businesses focusing
on the collection, processing, and reintegration of materials into production (D'Adamo et al.,
2022). Advanced technologies, such as intelligent sensors, offer new opportunities to monitor
and reduce waste generation in production processes (RameshKumar et al., 2020; Kumar et
al., 2020).

2.3 International Cooperation

International cooperation and standards are essential in sustainable production and green
industrial transformation (Sachs et al., 2019). In this context, collaborating at international
platforms and developing common standards have the potential to reduce environmental
impact and ensure more efficient use of resources (Denters et al., 2023).

Additionally, international standards serve as a guide to achieving sustainability goals.
Common standards make it easier for businesses to measure, report, and compare their
environmental performance (Ikram et al., 2021). These standards promote sustainability in
international trade and cooperation by ensuring reliability and transparency between
businesses (Bryndin, 2023).

International cooperation and standards also support policy formulation and
implementation for sustainability. Policymakers at national and local levels are guided by
setting common goals on international platforms, and the development of more effective
policies on sustainability is encouraged (Zarei & Mosavi Madani, 2020).

2.4 Literature Review

Today, sustainability has become an increasingly prioritized issue among the strategic
goals of businesses. Especially, the furniture sector has an important role in minimizing
environmental impacts such as the use of natural resources, energy consumption and waste
management. Sustainability in furniture design processes is based on a holistic approach that
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requires consideration of not only environmental factors but also economic and social
dimensions. There are various studies in the literature that address the environmental benefits
of sustainable production and design as well as its effects on customer satisfaction and
operational efficiency. However, no standardized framework has yet been presented on how
sustainability attributes should be applied in furniture design processes and how these should
be integrated with these attributes into design decisions. In this context, addressing the
existing gaps in the sustainability literature is critical for the development of sustainability
practices in the furniture industry.

2.4.1 Literature review of previous studies

Suandi et al. (2022) reviewed 137 articles and identified 10 environmental, 17 economic,
and 16 social sustainability characteristics in furniture design within the triple bottom-line
framework. While environmental attributes were less implemented, social and economic
aspects were more common highlighting the need for standardization in sustainability criteria.
Ratnasingam and loras (2003) emphasized the role of industry liberalization and skilled labor
in addressing stagnating productivity in the Asian wooden furniture sector. Similarly, Johann
et al. (2022) found that operational and social sustainability practices positively impacted
performance and competitiveness in Brazilian furniture companies while environmental
practices showed limited effects.

Borowiecki et al. (2022) analyzed the competitive position of Polish small enterprises and
developed a sustainable competitiveness model focusing on quality and quantitative
measures. Feil et al. (2017, 2022) introduced systems for measuring sustainability in micro
and small furniture enterprises identifying deficiencies in environmental aspects such as
recycling, energy, and waste management. Hartini et al. (2020) proposed a sustainability
index (MSI) using lean manufacturing and sustainability concepts while Michelsen and Fet
(2010) presented a three-step method for SMEs to improve environmental performance in
their supply chains.

Sustainability studies in the furniture sector require clearer frameworks despite the
growing body of research. A bibliometric analysis can identify trends, gaps, and future
research directions offering a structured approach to understanding the application of
sustainability criteria within the triple bottom line framework.

2.4.2 Bibliometric Analysis

The literature search was conducted in the Scopus database using "Sustainability” and
"Furniture” as keywords within titles, abstracts, and keywords. Relevant studies were selected
and citation data was analyzed using Bibliometrix software to identify research trends, gaps,
and the study's context. This review establishes the knowledge base and framework for the
analyses and findings.

Table 1. Main Information

Description Results
MAIN INFORMATION ABOUT DATA
Timespan 2014:2024
Sources (Journals, Books, etc) 158
Documents 245
Annual Growth Rate % 292
Document Average Age 4.14

Average citations per doc 12.89
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This bibliometric analysis provides valuable insights into research conducted in the field of
sustainability and the furniture industry. A total of 245 documents were examined with the
contributions of 3 authors between 2014 and 2024. Most of these documents were authored
by multiple individuals indicating a collaborative approach in research. The average number
of co-authors per document is approximately 2.97 indicates underscoring the prevalence of
collaboration. Additionally, the high average citation count per document (12.89) suggests
that research in this area is deemed impactful and valuable. The annual growth rate of 2.92%
indicates a steady increase in research activity reflecting sustained interest in sustainability
and the furniture industry. However, the absence of specific author's keywords and
international co-authorship may be considered notable weaknesses suggesting the need for a
more comprehensive approach in future research endeavors.

Table 2. Country Scientific Production
Em——a Country Scientific Production

w *
y %

Brazil and China are the leading countries in terms of sustainability research output in the
furniture industry with 89 and 55 publications, respectively. Indonesia (55), Italy (52), and the
USA (47) follow in this regard. Turkiye with 27 publications evinces a growing commitment
to this field and the potential to make further contributions through research and innovation.

ALy

a
| . . P
;

Despite the valuable insights provided by existing studies, many of them lack structured
frameworks and standardized criteria, particularly about the integration of sustainability
features into furniture design processes (Feil et al., 2020). This study addresses these gaps by
presenting a comprehensive roadmap for the application of sustainability criteria within a
triple bottom line framework. By focusing on detailed integration strategies, it offers a novel
perspective on sustainability practices in furniture design.

3 Material and Methods

The objective of this study is to evaluate the operational performance of a furniture
company. For this purpose, operational data and customer feedback collected in June 2024
were analyzed. The key performance indicators including production quantity, energy
consumption and waste output were collected through automated tracking systems ensuring
accuracy and real-time capture. Customer satisfaction was evaluated through structured post-
purchase surveys targeting customers who had completed transactions within the previous six
months.

The analysis identified strengths and weaknesses in areas such as energy efficiency, waste
management, and customer satisfaction. Feedback mechanisms including surveys and follow-
ups provided actionable insights into product and service quality. The findings will inform
strategic improvements and support the company in creating a sustainable growth roadmap.

3.1 Company Information

The implementing company (X) is an enterprise operating in the furniture sector and is
mainly known for producing chairs. The company has an annual production capacity of 2000
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products with 120 employees and a factory area of 1500 square meters. However, it has been
observed that approximately 1500 products are produced per year according to the analysis
conducted in the last five years. This shows that the company needs to demonstrate an
increasing operational efficiency performance to achieve its targets. Company X continuously
strives to increase its operational efficiency and ensure customer satisfaction by adopting a
sustainability and quality-oriented approach. These efforts contribute to the company
maintaining its strong position in the sector and improving its competitive production
capability.

3.2 Data

Table 3 shows the amount of product production, energy consumption, waste, and
customer satisfaction rates over the last five periods of the business. This data will be
evaluated to analyze the operational performance of the business and determine future
strategies.

Table 3. Operational Information

Years 2019 2020 2021 2022 2023
Production Quantity (piece) 1450 1300 1600 1750 1850
Energy Cons. (kWh) 75000 68000 80000 85000 82000
Amount of Waste (tons) 20 15 17 19 20
Customer Sat. % 85 90 88 86 88

The data presented in Table 3 offers insights into the operational performance of the
business over the past five years. While these figures provide a valuable foundation for
understanding trends in production, energy consumption, waste generation, and customer
satisfaction, it is important to recognize the inherent limitations in the data collection process.
These limitations may influence the scope and accuracy of the analysis as well as the
interpretation of the results. The following section outlines these methodological constraints
to provide a clearer understanding of the study's framework and the potential impacts on the
findings.

3.3 Methodological limitations

Certain limitations of this study’s data collection and analysis methods may affect the
scope of the research and the interpretation of its findings. These limitations are outlined
below:

3.3.1 Data collection limitations

e Energy Consumption and Waste Amount: The energy consumption and waste data
were collected through automated monitoring systems installed in the production
facilities. While these systems provide high data collection accuracy, they only
measure specific time intervals which means they may not capture short-term
fluctuations or changes outside of the system's monitoring periods. Additionally, waste
categorization relies on waste management software which carries the risk of
misclassification.

e Customer Satisfaction: Customer satisfaction data were collected via post-purchase
surveys. Since participation in these surveys is voluntary, this data collection method
may be subject to participant bias. Dissatisfied customers may be less likely to
participate, which can cause data to skew toward more positive feedback.
Furthermore, the surveys only capture customer perceptions at a specific point in time
and may not reflect longer-term satisfaction trends.
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3.3.2 Correlation analysis limitations

The study employs correlation analysis to investigate the interrelationships between
variables. However, it is essential to recognize that correlation does not imply causation
(Smith, 2020; Willett, 2023). The identified correlations elucidate the associations between
factors such as production quantity, energy consumption, and customer satisfaction;
nevertheless, they do not establish the underlying cause-and-effect relationships. The general
formula for calculating the correlation coefficient:

r=3XX -0 - /VIX - X)ZY -’

Therefore, caution should be exercised when interpreting these results and further research,
potentially involving experimental or longitudinal studies, would be needed to establish
causality.

3.3.3 Regression Analysis Limitations

While regression analysis is a valuable tool for understanding relationships between
variables, it has certain limitations that should be considered within the formula:

Y=B°+p"X +¢
Y = ﬁo + ,B1X1 + ﬁzXz"“l‘ﬁX + €

e Model Assumptions: The fundamental assumption of regression analysis is that the
relationship between the dependent and independent variables is linear (Shi & Conrad,
2009). If the relationship between the variables is non-linear, the regression model may
prove an inadequate representation of the data (Bates, 1988). In this study, a linear
regression model was employed but the potential for non-linear relationships was not
investigated.

e Multicollinearity: A further potential limitation of regression analysis is multicollinearity
which occurs when the independent variables are highly correlated with each other
(Daoud, 2017). The presence of multicollinearity can give rise to difficulties in estimating
the regression coefficients which may ultimately result in the generation of unreliable
results. Despite efforts to minimize multicollinearity, the possibility remains that it may
have influenced the results.

e Data Quality and Outliers: The accuracy of the regression model can be affected by the
presence of outliers or extreme data points (Li et al, 2024). Despite efforts to clean the
data, outliers may still influence the regression results and affect the overall model's
robustness. Identifying and handling outliers more effectively could enhance the model’s
accuracy.

By acknowledging these limitations, the study provides a more transparent and nuanced
understanding of its findings guiding future research and practical applications in the field of
sustainability management.

4  Evaluation of data

The data collection process was carefully planned and conducted through specialized
systems.

e Energy Consumption: Real-time data were gathered using automatic monitoring
systems in production facilities, tracking energy usage on a machine basis and
identifying inefficiencies through monthly trend analysis.
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e Waste Amount: Waste data were categorized by type (e.g., metal, plastic, wood) using
waste management software and digital weighing systems ensuring accurate daily,
weekly, and monthly reports.

e Customer Satisfaction: Feedback was collected via post-purchase surveys using a 5-
point Likert scale to evaluate product quality, delivery time, and customer service.
Responses were analyzed using an automated platform for consistency and reliability.

Data collection began in 2019 in line with the company's sustainability and digital sales
strategies, and a comprehensive trend analysis was provided. Production generally increased
from 2019 to 2023 except for a decline in 2020 due to the COVID-19 pandemic. In 2023,
energy consumption decreased due to the adoption of energy-efficient lighting. Regression
analysis (Table 4.) was employed to quantify relationships between variables and forecast
trends providing valuable insights for strategic decision-making (Mooi et al., 2018).

Table 4. Regression Results

Dep. Variable: energy consump. R-squared: 0.937
Model: OoLS Adj. R-squared: 0.912
Method: Least Squares F-statistic: 37.21
Date: Mon, 25 Apr 2024 Prob (F-statistic): 0.00946
Time: 00:00:00 Log-Likelihood: -37.586
No. Observations: 5 AIC: 79.17
Df Residuals: 3 BIC: 78.05
Df Model: 1 Covariance Type: nonrobust
coef std err t P>[t| [0.025 0.975]
const 5.037e+04 1.17e+04 4.304 0.021 1.34e+04 8.74e+04
production  22.4156 3.673 6.102 0.009 11.528 33.303
Omnibus: nan Durbin-Watson: 1.852
Prob(Omnibus): nan Jarque-Bera (JB): 0.609
Skew: 0.000 Prob(JB): 0.739
Kurtosis: 1.500 Cond. No.: 1.42e+04

The regression results indicate the R-squared value is 0.937 indicating that the amount of
production explains a large part of the variability in energy consumption. Moreover, the
coefficient for the Quantity of Production is statistically significant (p < 0.05) indicating the
quantity of production significantly impacts energy consumption. An increase in production
quantity leads to an increase in energy consumption. This shows that the enterprise's energy
needs also increase with the increase in production, and energy efficiency measures should be
reviewed. According to the results of the regression analysis, it was necessary to look at the
relationships between the amount of production and other variables and between the other
variables themselves. For this, the correlation matrix was used.

Correlation analysis is essential for understanding the relationship between two or more
variables (Cohen et al., 2013). It helps to determine whether and how strongly variables are
related to each other. We can identify patterns, dependencies, and associations between
different factors by examining correlations. Businesses can make strategic decisions by
determining the relationships between variables through correlation analysis (Nicholas &
Hilary, 2016). According to these results,
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Table 5. Correlation Matrix

Years Quantity Energy C. Waste Customer S.
Years 1.000000 0.890588 0.734770 0.291730 0.162221
Quantity 0.890588 1.000000 0.928794 0.654724 -0.277387
Energy C. 0.734770 0.928794 1.000000 0.639606 -0.480627
Waste 0.291730 0.654724 0.639606 1.000000 -0.792691
Customer Sat. 0.162221 -0.277387 -0.480627 -0.792691 1.000000

Correlations between Production Quantity and Other Variables

Production Quantity and Energy Consumption (r=0.93): The strong positive correlation
(0.93) between production and energy consumption indicates that higher production leads to
significant energy use, increasing costs and environmental impact. Adopting energy-efficient
production methods such as optimizing machinery, using renewable energy, and
implementing smart energy management systems can reduce energy consumption while
maintaining production levels.

Production Quantity and Waste Quantity (r=0.65): A moderate positive correlation (0.65)
suggests that increased production generates more waste. Strategies like lean manufacturing,
recycling, and reusing by-products can minimize waste lowering costs and environmental
impact while enhancing operational efficiency.

Production Quantity and Customer Satisfaction (r=-0.28): The weak negative correlation (-
0.28) suggests that higher production may slightly decrease customer satisfaction due to
quality or service issues. To address this, the company should maintain product quality and
customer service standards through better quality control and streamlined processes.

These findings highlight the interconnectedness of production, energy consumption, waste
generation, and customer satisfaction. Strategic management of these factors can optimize
processes, reduce environmental impact, and improve customer satisfaction.

Correlations between Other Variables

Energy Consumption and Waste Amount (r=0.64): The moderately positive correlation
(0.64) suggests that higher energy consumption leads to increased waste generation
highlighting inefficiencies in the production process. Adopting energy-efficient technologies
and waste-reducing strategies can address this issue improving sustainability performance.

Energy Consumption and Customer Satisfaction (r=-0.48): The moderate negative
correlation (-0.48) indicates that high energy consumption may reduce customer satisfaction
possibly due to higher costs or environmental concerns. Implementing energy-saving
measures and renewable energy sources can enhance the company's environmental image and
appeal to eco-conscious customers.

Waste Amount and Customer Satisfaction (r=-0.79): The strong negative correlation (-
0.79) reveals that waste generation significantly reduces customer satisfaction as modern
consumers expect environmentally responsible practices. Strategies like recycling, using
recyclable materials, and minimizing waste in production can improve brand reputation,
reduce costs, and increase customer loyalty. These findings emphasize the need for integrated
strategies to optimize energy use, reduce waste, and enhance customer satisfaction.
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Graph.1. Correlation Matrix Heatmap

The correlation heatmap indicates a robust positive correlation between production and
energy consumption (r = 0.93) and a moderate correlation with waste generation (r = 0.65). A
strong negative correlation is observed between waste generation and customer satisfaction (r
= -0.79) while a moderate negative correlation is evident between energy consumption and
customer satisfaction (r = -0.48). These findings underscore the necessity of adopting
sustainable production practices particularly about energy usage and waste management.

4.1 Discussion of results

The correlation analysis offers valuable insights into the company's production, energy
consumption, waste generation, and customer satisfaction guiding strategic improvements for
enhanced operational performance and sustainability.

The strong positive correlation between production and energy consumption (0.93)
indicates that higher production levels are associated with increased energy use which is in
accordance with the findings of Dell’Anna (2021) and Song et al. (2023). These studies
emphasize the significance of energy efficiency in sustainable production. To address this
issue, it would be prudent for the company to adopt energy-efficient methods such as
optimizing machinery and utilizing renewable energy sources with a view to reducing costs
and mitigating environmental impact.

Similarly, the moderate positive correlation between production and waste generation
(0.65) indicates that increased production is associated with an increase in waste. This
highlights the necessity for waste minimization strategies such as lean manufacturing and
recycling in line with the findings of Luthra et al. (2022) and Simon et al. (2021) who stress
the significance of effective waste management for sustainability.

The weak negative correlation between production and customer satisfaction (-0.28)
indicates that higher production levels may have a detrimental impact on the quality of goods
or services provided. Schiano et al. (2020) and Rustam et al. (2020) posit that sustainable
production practices are pivotal for the maintenance of customer satisfaction and loyalty.
Therefore, it is recommended that the company should focus on maintaining quality and
streamlining production to ensure customer satisfaction as production scales.

Furthermore, the moderate negative correlation between energy consumption and customer
satisfaction (-0.48) indicates that elevated energy utilization results in increased operational
expenses which may have a detrimental impact on customer perceptions. The implementation
of energy-saving measures can facilitate the enhancement of the company's environmental
image and customer satisfaction as proposed by Singh et al. (2020).

259



Giiltas, Furniture and Wooden Material Research Journal, 7 (2), 250-265

The robust negative correlation between waste and customer satisfaction (-0.79)
underscores the significance of efficacious waste management. Consumers are becoming
increasingly aware of the environmental impact of products as observed by Schiano et al.
(2020). Therefore, it is recommended that the company should give priority to recycling, the
use of recyclable materials and the minimization of waste to align its activities with customer
expectations and enhance its brand reputation.

These findings identify key areas for enhancing the company's sustainability efforts and
operational performance. The company can maintain a competitive advantage and strengthen
both its operational and sustainability performance as recommended in the literature by
prioritizing energy efficiency, waste reduction, and customer satisfaction, (Dell’Anna, 2021;
Luthra et al., 2022).

5 Conclusion and Recommendations

This study evaluated the relationships between production, energy consumption, waste
generation, and customer satisfaction in a furniture manufacturing context, identifying key
areas for improving sustainability and operational performance. The findings underscore the
following:

Energy consumption and production: A strong positive correlation highlights the need for
energy-efficient production methods to reduce costs and environmental impact.

Waste management: Increased production is moderately correlated with waste generation,
highlighting the importance of waste minimization strategies such as recycling and lean
manufacturing.

Customer satisfaction: The study found that higher energy consumption and waste
generation negatively affect customer satisfaction, highlighting the importance of aligning
operational practices with customer expectations.

Based on these findings, the following strategies are recommended to improve the
company's sustainability and competitiveness:

e Stakeholder engagement: Actively engage stakeholders through consultations and
feedback systems to align business practices with sustainability goals (Silva et al.,
2019; Ozozen, 2024).

e Regulatory compliance: Developing internal mechanisms to ensure compliance
with global and local sustainability standards (Vigneau et al., 2015).

e Circular economic principles: Implement closed-loop production systems that focus
on waste reduction, recycling, and sustainable design (Burke et al., 2023; Senkal,
2023).

e Green innovation: Establish a green innovation fund to support sustainable
materials and energy efficient technologies (Singh et al., 2020).

By systematically addressing these priorities, companies can achieve both environmental
and economic sustainability while maintaining a competitive edge in the furniture industry.
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Effects of utilizing olive pits and waste melamine-impregnated paper in
particleboard manufacturing on board properties

Ibrahim Halil Bagbogal*(", Sefer Budak!'"’, Emre Karatag'"), Dogan Memis'

ABSTRACT: The demand for wood and wood-based products continues to rise steadily with
the growth of the global population. Medium-density fiberboard (MDF), particleboard, and
oriented strand board (OSB) are among the most sought-after materials. This increasing
demand necessitates the more rational and sustainable utilization of forest resources. This
study aimed to investigate the effects of replacing core layer particles with olive pit residues
in particleboard production on the boards’ physical properties. Additionally, waste melamine-
impregnated paper (MIP), a by-product of the wood-based panel industry, was evaluated as an
adhesive to determine its impact when combined with olive pits in particleboard production.
Olive pits were incorporated into the core layer in five different proportions, and MIP was
used exclusively as an adhesive at a fixed ratio of 25%. The particleboards' physical and
mechanical properties were analyzed per the relevant TS EN standards. The results indicated
that while the incorporation of olive pit residues improved the physical properties of the
boards, a decline in their mechanical properties was observed. Consequently, it was
concluded that blending olive pit residues with conventional core layer particles would be a
more suitable approach rather than using them as a sole replacement.

Keywords: Olive pit, MIP waste, Particleboard, Physical properties

Yongalevha Uretiminde zeytin ¢ekirdegi ve atik melamin emdirilmis kagit
kullaniminin levha ozellikleri iizerine etkilerinin belirlenmesi

OZ: Diinya niifusunun artmasiyla birlikte ahsap ve ahsap bazli iiriinlere olan ilgi ve ihtiyag
giin gectikce artmaktadir. Artan ihtiyaglar dogrultusunda en ¢ok talep goren iiriinlerin basinda
orta yogunluklu lif levha (MDF), yonga levha ve yonlendirilmis yonga levha (OSB) en ¢ok
aranan malzemeler arasindadir. Artan bu talepler orman kaynaklarmin daha akilc1 ve
stirdiiriilebilir kullanimin1 gerekli kilmaktadir. Bu ¢alismada, yonga levha tiretiminde ¢ekirdek
katman parcaciklarinin zeytin ¢ekirdegi artiklari ile degistirilmesinin levhalarin fiziksel
ozellikleri lizerine etkilerinin incelenmesi amag¢lanmistir. Bunun yani sira yine bir ahsap bazl
levha sektorii tiretim atig1 olan atik melamin emdirilmis kagitlar1 (MEK) ¢alisma kapsaminda
tutkal olarak degerlendirilerek zeytin ¢ekirdegi ile birlikte yonga levha (retiminde
kullanilmasinin etkileri arastirilmistir. Cekirdek tabakasina bes ayri oranda zeytin ¢ekirdekleri
katilmis, yapistiric1 olarak sadece atitk MEK sabit %25 oraninda kullanilmistir. Yonga
levhalarin fiziksel ve mekanik ozellikleri ilgili TS EN standartlarina gore analiz edilmistir.
Calismanin ¢iktis1 olarak zeytin c¢ekirdegi atiklarinin kullanimi ile levhalarin fiziksel
ozelikleri iyilesirken mekanik 6zelliklerinde azalmalar s6z konusu olmustur. Sonu¢ olarak
sadece zeytin ¢ekirdegi atiklar1 orta tabaka yongasi olarak kullanilmasi yerine orta tabaka
yongalar1 ile belirli oranlarda karistirilarak kullanilmasinin daha uygun olacagi kanaatine
varilmistir.

Anahtar kelimeler: Zeytin ¢ekirdegi, Atk MEK, Yonga levha, Fiziksel 6zellikler
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1 Introduction

The demand for wood and wood-based products has been steadily increasing with the
growth of the global population. Medium-Density Fiberboard (MDF), particleboard, and
Oriented Strand Board (OSB) are among the most sought-after products. This rising demand
necessitates the rational and sustainable usage of forest resources. Turkiye ranks fifth globally
and third in Europe in particleboard production with an annual production volume of
approximately 5 million cubic meters (ORSIAD, 2019). Tiirkiye imports a significant amount
of wood chips from abroad due to its high production levels and the limited availability of
domestic raw materials. This reliance on imports not only leads to substantial foreign
currency outflows but also poses challenges to the national economy.

The conservation of natural resources and the reduction of carbon footprints have become
increasingly important. Recycling waste materials into high-value-added products plays a
critical role in achieving these goals. In this context, the reintegration of waste lignocellulosic
materials into production processes can contribute to reducing the demand for forest resources
to some extent.

The surfaces of the boards are coated with melamine-impregnated paper (MIP) to achieve
an aesthetically pleasing appearance during particleboard production. The coating not only
enhances the visual appeal of wood-based panels but also minimizes water absorption through
the surface, thereby helping to maintain the panel's moisture content. Additionally, it
improves the structural properties of the panels and acts as a barrier reducing the release of
harmful substances such as formaldehyde and pesticides (Nemli et al., 2005). A medium-
sized paper-impregnation factory generates approximately 400 tons of melamine-impregnated
paper waste (MIPW) annually during MIP production (Le Fur et al., 2004). Researchers have
explored the reutilization of this valuable waste which contains approximately 50-55%
adhesive content (Le Fur et al. 2004, Alpar and Winkler 2006, Silva et al. 2012, Ayrilmus,
2012; Cavdar et al., 2013; Basboga 2018; Sani and Enayati, 2020, Bozkurt et al. 2021;
Kutluata et al., 2023; Zhang et al., 2023; Zhuo et al., 2024). Basboga (2018) and Basboga et
al. (2018) demonstrated in their comprehensive studies that MIPWSs could be effectively
utilized in particleboard production. However, while the produced boards met or exceeded the
mechanical strength requirements specified by standards, their physical properties such as
thickness swelling and water absorption failed to meet the standard thresholds.

Global olive oil production is approximately 3.1 million tons annually (10C, 2021).
European Union countries lead global olive oil production with a production volume of
around 2 million tons while Tirkiye ranks third with an annual output of 227,500 tons (10C,
2021). Olive oil production generates approximately 30% (Monteiro et al., 2009) to 60%
(Valvez et al., 2021) solid waste posing significant storage challenges for producers and
contributing to environmental pollution. Moreover, the disposal of these wastes into water or
soil can result in severe environmental issues including contamination and increased
greenhouse gas emissions (Sharma et al., 2019). Many of these wastes do not have a clear and
viable economic recovery. On the other hand, waste management poses a significant
challenge due to its high associated costs (Valvez at al., 2021).

Companies often utilize olive pit (OP) waste for electricity and/or thermal energy
production due to the high costs associated with advanced technological solutions for waste
disposal which require complex chemical processes (Valvez et al., 2021). Researchers are
actively exploring alternative methods for repurposing (OP) waste. Some studies have
investigated the effects of using OP waste as a lignocellulosic filler in thermoplastic-based
composite production (Ayrilmis and Biiyiiksari, 2010; Banat and Fares, 2015; Kaya et al,,
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2018; Tasdemir and Kastan, 2021; Jurado-Contreras et al., 2022). A review study highlighted
the utilization of OP waste in composite production with various thermoplastics (polystyrene,
polylactic acid, polyvinyl chloride, polypropylene, and polycaprolactone), thermosets
(phenol-formaldehyde, unsaturated polyester, and epoxy), and rubbers (elastomers) such as
acrylonitrile butadiene rubber (Valvez et al., 2021). Additionally, some researchers have
focused on evaluating the potential of olive pit waste in cement-bonded particleboard (Aras et
al., 2022) and particleboard production (Elbir et al., 2012; Farag et al., 2020; Nemli et al.,
2023). Elbir et al. (2012) conducted a study in which olive pits from three different olive
species were separately mixed with Maritime pine (Pinus pinaster) chips at four different
ratios (0%, 5%, 10%, and 15%) to produce single-layer particleboards using urea-
formaldehyde-based resin. The results indicated that the groups containing olive pit (OP)
waste exhibited better decay resistance compared to the groups without OP waste. Farag et al.
(2020) produced single-layer particleboards by combining unsaturated polyester with OP
waste at an 80/20 ratio. Their findings demonstrated that the produced particleboards' physical
and mechanical properties met European standards' requirements. In another study, Nemli et
al. (2023) utilized OP waste at four different ratios (0%, 10%, 20%, and 30%) mixed with
White Poplar (Populus alba L.) chips to manufacture three-layer particleboards using phenol-
formaldehyde-based resin. The OP waste was incorporated only into the core layer.
Additionally, OP waste was modified with sodium hydroxide and the effects of this
modification were also examined. The study reported that incorporating 10% OP waste
resulted in a slight reduction in the mechanical properties of the boards compared to the
control group; however, this reduction was not statistically significant. Furthermore,
increasing the amount of OP waste improved the physical properties of the boards.

This study aimed to evaluate the effects of incorporating OP waste, mixed with MIP waste
and core layer particles, on the properties of three-layer particleboards. Previous studies
demonstrated that particleboards produced using MIP waste successfully met the required
mechanical properties outlined in standards, but failed to achieve satisfactory physical
properties serving as a foundation for this research. Furthermore, the hydrophobic
characteristics of OP waste attributed to its oil content and its reported ability to improve the
physical properties of particleboards in earlier studies provided additional motivation for this
investigation.

2 Materials and Methods
2.1 Materials

In this study, dry wood particle mixtures used in the commercial production of
particleboards were obtained from Kastamonu Integrated Wood Industry factories (Balikesir
particleboard facilities) while olive pits were sourced from local olive oil production facilities
in Bursa as lignocellulosic raw materials. The wood particles comprised 90% Turkish red pine
(Pinus brutia) and 10% oak (Quercus spp.). Two different particle sizes were employed to
produce three-layer particleboards: fine particles (Figure 1a) were used for the surface layers
and coarse particles (Figure 1b) for the core layer. Olive pit residues (Figure 1c) were
incorporated into the core layer at five different proportions (0%, 25%, 50%, 75%, and 100%)
by mixing with the core particles. Waste melamine-impregnated paper (MIP) (Figure 1d) was
utilized as the adhesive in board production, and no additional adhesive was used. The
impregnation line of the Kastamonu Integrated Adana MDF Plant served as the MIP’s supply.
Furthermore, no water-repellent chemicals or hardeners were included in the study.
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Figure 1. Main materials used in particleboard production: a-) fine particle, b-) coarse
particle, c-) olive pit residues, d-) MIP

2.2 Methods

In the study, the moisture contents of the lignocellulosic materials and MIP wastes were
first determined. The moisture content of the olive pit (OP) wastes designated as a
replacement for core layer particles was approximately 14.93%. The OP wastes were dried at
80 £ 2°C for 48 hours to reduce this value. Following this treatment, the moisture contents of
the OP wastes, coarse particles, fine particles, and MIP wastes utilized in particleboard
production were determined to be approximately 4.37%, 3.781%, 4.214%, and 6.539%,
respectively.

The melamine impregnation process involves two separate production lines. In the first
line, alpha cellulose papers are saturated with adhesive while the surfaces are coated with
melamine-formaldehyde adhesive in the second line. The waste MIP used in this study
contained approximately 84% urea-formaldehyde adhesive and 16% melamine-formaldehyde
adhesive from the first line. In the second line, 100% melamine-formaldehyde adhesive was
applied. The waste MIP materials utilized in the study comprised approximately 52% solid
adhesive content. Initially, the waste MIP was ground using a pulverizer equipped with a
cooling system. Subsequently, the ground material was subjected to dimensional classification
using a vibrating sieve. For the study, only MIP particles that passed through a 0.3 mm sieve
but were retained on a 0.2 mm sieve were used. The composition in the core and surface
layers based on the overall panel weight contained 25% MIPW which was reported as the best
usage ratio in a previous study (Basboga, 2018). The production formulation is presented in
Table 1. In the scope of this study, only core layer particles were mixed with OP residues at
specific ratios. Therefore, the production table includes only the variation rates of core layer
particles.
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Table 1. Content of the core layer particles

ID Wood Particle Mixtures (%) Olive Pits (%)

OPO 100 0
OP25 75 25
OP50 50 50
OP75 25 75

OP100 0 100

In the particleboard, the face layers constitute 33% of the total panel weight while the core
layer accounts for 67%. The target density in the production of the panels was set at 700
kg/m3. The particles, OP and MIP wastes were dry-mixed in a high-intensity mixer to achieve
a homogeneous blend. The obtained mixtures were laid into the frame of 350 mm X 300 mm
by the production formula. The particleboards were produced using a Cemil Usta hot press
with a pressure range of 50-80 Bar. The target thickness of the boards was set at 13 mm. The
pressing process was carried out at a temperature of 190 °C for 240 seconds. The
particleboards were conditioned at 20 °C and 65% relative humidity after pressing. The
boards were trimmed on all four edges following the conditioning process. Test samples were
then prepared in accordance with the relevant standards. Five different particleboard groups
were produced for the study with each group consisting of three layers (two surface layers and
one core layer). Two particleboards were produced for each group and five samples from each
board were selected for testing to evaluate their properties. Ten samples were tested for each
group to assess all the relevant attributes in total. The performance of the specimens was
measured in a climate-controlled laboratory.

2.2.1 Determination of physical properties

The physical properties such as density, thickness swelling (TS), and water adsorption
(WA) were also measured in compliance with the criteria in the standard. The densities of the
boards were determined using the air-dried density method by the TS EN 323 (CEN 1999a)
standard. The samples' TS and WA (2h and 24h) properties were determined according to the
TS EN 317 standards.

2.2.2 Determination of mechanical properties

The mechanical properties such as bending strength, modulus of elasticity and internal
bond strength were determined in accordance with TS EN 310 (CEN 1999b) and TS EN 319
(CEN 1999d), respectively. A Shimadzu AG-IC Universal testing machine was used to
evaluate the mechanical properties. In all properties testing, ten samples were checked for
each group and five of them were analyzed for each produced panel.

2.2.3 Data analysis

Design-Expert® Version 7.0.3 statistical software program was utilized to determine the
interaction of OP rate on physical and mechanical properties of the manufactured board.
ANOVA test was performed to determine the effects of the OP amount on the panels’
properties. A total of 50 specimens, ten from each group, were experimented with for the
physical and mechanical measurements. The effects of olive pit waste amount on
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particleboards' physical and mechanical properties produced with waste MIP as an adhesive
were investigated.

3 Results and Discussions

The production process was successfully completed using olive pit residues as core layer
particles and melamine-impregnated paper wastes as an adhesive. The results of the
mechanical and physical tests are summarized in Table 2.

Table 2. Summary of the results of the study

ID Density IBS BS MOE TS (2h) TS (24h) WA (2h) WA (24h)
(g/cmd) (N/mm?) (N/mm?) (N/mm?) (%) (%) (%) (%)

OP0  0.683(0.056)* 0.51(0.14) 10.87(2.82) 1934 (249) 16.5(2.38) 18.0(1.83) 81.5(13.23) 89.5(13.18)

OP25  0.695(0.037) 0.48(0.22) 7.56(0.85) 1420 (145) 14.5(058) 16.3(0.96) 78.8(8.54)  85.5(10.38)

OP50  0.690 (0.049) 0.26(0.13) 5.18(0.82)  979(138) 14.5(1.29) 17.3(1L50) 76.0(10.52) 81.8(9.14)
OP75  0.659(0.023) 0.10(0.07) 2.54(1.39)  466(308) 12.8(050) 15.8(1.26) 79.0(4.24)  83.8(4.65)

OP100  0.734(0.036) 0.02(0.01) 1.50(0.14) 250 (33) 12.5(2.08) 16.50(4.20) 69.8(5.56)  77.5(6.03)

*Values in parenthesis are standard deviations.
3.1 Results of physical properties

The density interaction graph for the panel groups is presented in Figure 2. Examining the
graph reveals that the density values of the produced board groups are closely aligned. When
analyzing the standard deviation values of the obtained density results, it is evident that all
board groups exhibit close results. Statistical analysis indicated that the proportion of olive pit
(OP) waste usage had no significant effect on the density values (P = 0.2104). The produced
boards had density values ranging from 0.659 to 0.734 g/cmé.
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Figure 2. Interaction graph of density properties
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The effects of OP waste content on the thickness swelling properties of the boards after 2
hours of water immersion are presented in the interaction graph in Figure 3. Statistical
analysis revealed that the OP waste ratio significantly impacted thickness swelling properties
(2 hours) (P = 0.0094). As the amount of OP wastes in the core layer increased, an
improvement in the 2-hour thickness swelling values was observed.
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Figure 3. Interaction graph of thickness swelling properties for 2 hours

When testing physical properties such as thickness swelling and water absorption,
particleboards typically begin absorbing water from their weakest point, the core layer. Due to
their oily nature, OP residues in the core layer exhibited water-repellent characteristics,
leading to reduced thickness swelling values. In contrast, wood particles, which have a more
fibrous structure and abundant hydroxyl groups, readily bonded with water and absorbed it
more easily. Unlike wood particles, olive pits lack these branched structures and have a dense
and compact composition which likely contributed to their lower water absorption capacity.
Additionally, previous studies have reported that OP waste contains a high concentration of
phenolic compounds (Erbil et al., 2012; Nemli et al., 2023) which are known to act as water-
repellent chemicals (Cameron and Pizzi, 1986; Baharoglu et al., 2013). Furthermore, Nasser
(2012) noted in his study that the oil compounds present in wood structures form a thin
protective layer against water enhancing its moisture resistance. This explains the
improvement of boards' thickness swelling properties as the amount of OP wastes increased.
The oils within the olive pits further inhibited water penetration into the chips, thereby
enhancing the thickness swelling properties. Boards containing 75% and 100% OP wastes
demonstrated the best performance in this regard. While the control group failed to meet the
maximum thickness swelling requirement of 15% specified for P2 particleboards, all boards
containing OP wastes met the standard. The best result was achieved in the OP100 group,
which used 100% OP wastes in the core layer, with a thickness swelling value of 12.57%.

The interaction graph in Figure 4 illustrates the effects of OP wastes on the 24-hour
thickness swelling properties of the boards. The graph indicates that the boards containing OP
wastes performed better thickness swelling than the control group. However, statistical
analysis revealed that the ratio of OP wastes had no significant effect on the 24-hour thickness
swelling properties (P = 0.6940).
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Figure 4. Interaction graph of thickness swelling properties for 24 hours

Although the usage of OP wastes in the core layer reduced the thickness swelling values,
the amount of wastes used did not have a statistically significant impact on the 24-hour
thickness swelling performance of the boards. Among all groups, the best 24-hour thickness
swelling result was observed in the OP75 group where 75% OP wastes were used in the core
layer. The thickness swelling value for this group was found to be 15.80%, slightly exceeding
the maximum standard requirement of 15% by a margin of 0.80%. Despite this slight
deviation, the result is close to the standard and reflects an improvement compared to the
control group.

Figures 5 and 6 present the interaction graphs for the water absorption properties of the
produced particleboards after 2 hours and 24 hours, respectively. The interaction graph in
Figure 4 shows a slight decreasing trend in water absorption values with increasing amounts
of OP wastes. However, the standard deviations of the groups indicate that the average water
absorption values are within similar ranges. ANOVA analysis revealed that the amount of OP
wastes had no statistically significant effect on the 2-hour water absorption properties of the
boards (P = 0.4264). The boards containing 50% and 100% OP wastes exhibited the lowest
water absorption rates. Water absorption increased rapidly during the 2-hour test but the water
absorption rate began to slow as the 24-hour test approached completion. This slowdown is
attributed to the voids within the boards becoming nearly saturated with water, after this point
suggesting that additional water was absorbed primarily by the wood particles. The maximum
allowable value specified in the standard for water absorption is 80%. All groups except the
control group met this requirement. The best 2-hour water absorption performance was
achieved by the OP100 group with a water absorption rate of 69.8%.
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Figure 5. Interaction graph of water absorption properties for 2 hours

An analysis of the 24-hour water absorption properties of the particleboards revealed that
the amount of OP wastes had no statistically significant effect on water absorption
characteristics (P = 0.4596). As the duration of water exposure increased, the water absorption
values also showed an upward trend. At the end of the 24-hour exposure period, the
particleboard groups absorbed on average 8.6% more water. Among all groups, only the
OP100 group demonstrated a water absorption value below the maximum allowable limit of

80%.
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Figure 6. Interaction graph of water absorption properties for 24 hours
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3.2 Results of mechanical properties

The interaction graph illustrating the effect of the amount of olive pit (OP) wastes on the
internal bond (IB) strength of the particleboards is presented in Figure 7. ANOVA analysis
revealed that the amount of OP wastes used in the core layer significantly influenced the IB
strength values of the boards (P < 0.0001). Results comparable to the control group were
obtained when OP wastes were used at a 25% ratio. However, as the amount of OP wastes
continued to increase, a notable decrease in IB strength values was observed. This reduction is
thought to result from the oils in OP wastes acting as a paraffin-like substance, adversely
affecting adhesion strength. In the particleboard industry, paraffin and similar water-repellent
chemicals coat the surface of particles hindering adhesive bonding. Excessive usage of such
chemicals weakens the IB strength of the panels (Basboga et al., 2024). A higher adhesive
application is required to overcome this issue (Bozkurt and Goker, 1985; Baharoglu et al.,
2014). Weak bonding in the core layer ultimately leads to lower IB strength values.
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Figure 7. Interaction graph of internal bond strength properties

Furthermore, it is believed that increasing the proportion of olive pit (OP) waste, which
possesses a coarser and harder texture compared to the long and soft fibers of core layer wood
chips, leads to a more porous structure within the panels. This increased porosity is thought to
contribute to the reduction in mechanical properties. Similar findings have been reported in
the literature (Aras et al., 2022). Additionally, Cosereanu et al. (2015) stated that particles
with a long and slender geometry and uniform structure tend to provide better bonding and a
more homogeneous composition. Hashim et al. (2010) also emphasized that chip geometry
significantly influences bending strength and internal bond strength. The sharp and coarse
geometry of OP waste might have negatively affected the internal bond strength values.
Observations in this study are consistent with findings reported in the literature (Nemli et al.,
2023).

Among the produced board groups, the highest IB strength values were recorded in the
control group and the group containing 25% OP wastes with values of 0.51 N/mm?2 and 0.48
N/mmz2, respectively. When the amount of OP wastes increased to 50%, the IB strength
decreased by approximately 50% reaching 0.26 N/mm2. After incorporating 25% OP wastes,
further increases in their proportion resulted in a sharp decline in IB strength values. For
particleboards manufactured for general-purpose use under the P2 classification, the standard
requirement of 0.35 N/mm? for IB strength was met by the control group and the boards

275



Basboga et al., Furniture and Wooden Material Research Journal, 7 (2), 266-280

containing 25% OP wastes. The boards with 50% OP wastes exhibited IB strength values
close to the standard threshold.

The interaction graph for the bending strength (BS) (Fig. 8) indicates that the amount of
OP waste significantly influenced the BS properties of the particleboards (P < 0.0001). As the
proportion of OP wastes in the core layer increased, the BS values of the boards showed a
marked decline. This reduction is believed to be due to the oils in the olive pits, which act as a
paraffin-like substance, hindering adhesion between the particles.

Design-Expert® Software BS (N/m m 2)
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Figure 8. Interaction graph of bending strength properties

Additionally, the structure of wood particles allowed the dry waste MIP powder to adhere
more effectively enabling a more uniform and higher-quality mat formation. However, the
same performance was not achieved with olive pits which caused difficulties during mat
formation. Due to their smaller particle size, the MIP powders tended to separate from the
olive pits and settle into the lower layers. This segregation likely contributed significantly to
the observed reduction in BS values. The highest BS value was observed in the control group
boards with an average of 10.84 N/mm?2 while the lowest value, 1.50 N/mm?, was recorded in
boards where 100% OP wastes were used in the core layer. None of the produced board
groups met the standard BS requirement of 11 N/mm?2 for P2 classification particleboards.
Moreover, the control group boards exhibited BS values that were very close to the standard
requirement.

The interaction graph for the modulus of elasticity (MOE) in Figure 9 shows a clear
decrease in MOE values as the proportion of OP wastes in the core layer increased. It was
determined that the usage ratio of OP residues affected the MOE values significantly (P <
0.0001). Results similar to those observed for the bending strength were noted. Among the
produced boards, only the control group met the minimum MOE requirement of 1600 N/mm?2
specified for P2 general-purpose panels achieving a value of 1934 N/mmz2. The MOE value
measured in boards containing 25% olive pit residue was 1420 N/mmz2 which is close to the
standard.
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Figure 9. Interaction graph of MOE properties

4  Conclusions and Recommendations

As a result of this study, the production of particleboard groups utilizing olive pit wastes
either mixed with core layer particles or used solo with melamine-impregnated paper (MIP)
waste serving as an adhesive was successfully achieved. The findings of the study led to the
following conclusions:

e The utilization of waste olive pits as a substitute for core layer particles positively
influenced the physical properties of the produced boards while adversely affecting
their mechanical strength properties.

e Increasing the ratio of waste olive pits particularly improved the thickness swelling
characteristics. However, as the ratio of waste olive pits increased, a significant
impact on mechanical performance was observed with all measured mechanical
properties showing a noticeable decline.

In conclusion, while waste olive pits were successfully utilized alongside MIP waste in
particleboard production, it is suggested that using lower proportions of olive pits could
enhance the physical properties of the boards while minimizing adverse effects on their
mechanical performance.
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Palmiye agaci yaprak kinlarimin kompozit levha Uretiminde
degerlendirilmesi

Derya Ustadmer!'™'| Elif Topaloglu?*"*', Murat Oztiirk®

OZ: Bu calisma kapsaminda palmiye agac1 gévde kismima yakin yaprak kimlarinm kompozit
levha {iiretiminde degerlendirilme imkéanlar1 arastirilmistir. Kompozit levha Gretimi icin
kullanilacak olan palmiye agaci yaprak kimlar1 bir bigak yardimiyla govdeden tek parca
halinde kesilmistir. Levha taslagi i¢erisinde tabaka olarak kullanilan farkli sayilardaki yaprak
kinlar1 ve ticari kayin liflerinden iire formaldehit (UF) tutkal ve parafin kullanilarak bes farkl:
kompozit levha iiretilmistir. Uretilen bu levha 6rneklerinin su alma (SA) ve kalmligma sisme
(KS) oranlari, egilme direnci ve elastikiyet modiilii degerleri ilgili standartlara gore
belirlenmistir. Kompozit levhayr olusturan palmiye yaprak ki ve kaym liflerinin lif
karakteristikleri Franklin maserasyon yontemiyle belirlenmistir. Calisma sonucunda iiretimde
kullanilan yaprak kini sayisina gore retilen kompozit levhalarin su alma ve kalinligina sisme
oranlarinin kontrol 6rnegine kiyasla azaldigi, yaprak kinlarinin levha taslaginda bulundugu
yere gore egilme direnci ve egilmede elastikiyet modiilii degerlerinin degisim gosterdigi
belirlenmistir. Sonug olarak, iiretilen bu kompozit levhalar, inovatif yaklagimlarla tasarim ve
dekorasyon amacl kullanilabilecegi gibi mobilya iiretiminde hafif ve dayanikli bir malzeme
olarak tercih edilebilir. Ayrica, suya ve rutubete dayanikli ortamlarda kullanima uygun olup
panel malzemeler olarak farkli amaglarla degerlendirilebilir.

Anahtar kelimeler: Palmiye yaprak kini, kompozit levha, lif, fiziksel 6zellikler, mekanik
ozellikler

Evaluation of palm tree leaf sheats in composite panel production

ABSTRACT: This study investigates the potential use of leaf sheaths from palm trees,
located near the trunk, in the production of composite panels. The leaf sheaths intended for
composite panel production were cut from the trunk in one piece using a knife. Five different
composite panels were produced from different numbers of leaf sheaths used as layers in the
panel mat and commercial beech fibers using urea formaldehyde (UF) resin and paraffin. The
water absorption (WA) and thickness swelling (TS) rates, modulus of rupture (MOR) and
modulus of elasticity (MOE) values of these produced panel samples were determined
according to the relevant standards. The fiber characteristics of the palm leaf sheaths and
beech fibers that comprised the composite panel were determined using the Franklin
maceration method. The results showed that the water absorption and thickness swelling
ratios of the composite panels decreased in comparison to the control sample, depending on
the number of leaf sheaths used in production. Additionally, the modulus of rupture and
modulus of elasticity values varied based on the location of the leaf sheaths within the panel
mat. As a result, these composite panels can be utilized for design and decoration purposes
with innovative approaches and can also be preferred as a lightweight and durable material in
furniture production. Additionally, they are suitable for use in water and moisture resistant
environments and can be evaluated as panel materials for various purposes.

Keywords: Palm leaf sheath, composite panel, fiber, physical properties, mechanical
properties
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1 Giris

Son yillarda, farkli alanlarda yapilan birgok ¢alisma ve arastirma agisindan atik yonetimi
ve surddrdlebilirlik 6nemli kavramlar olarak dikkat cekmektedir. Biyoatiklarin bu anlamda
cesitli sektorlerde kullanilmasi, bir yandan atiklarin etkili sekilde degerlendirilmesini ve
cevresel sorunlarin azaltilmasmi saglarken bir yandan da dogal kaynaklarin verimli
kullanilmasina ve korunmasina katki saglamaktadir. Kompozit levha uretiminde, 6zellikle
tarim ve orman kaynakl biyoatiklarin hammadde olarak degerlendirilmesi, bu sektor icin tim
endustrilerde karsilasilan hammadde probleminin ¢ozumdinde alternatif yollardan biridir.

Son 20 yil igerisinde, kompozit malzemelerin Uretiminde cam veya ¢esitli geleneksel
takviye malzemelerini kullanmak yerine, lignoseliilozik dogal liflerin yapisal 6zelliklerinden
faydalanilarak kullanilmasina olan endiistriyel ilgi giderek artmistir. Dogal liflerle takviyeli
kompozitlerin, hizli pargalanabilirlik, yenilenebilirlik, erisilebilirlik, yiiksek 6zgil 6zellikleri
ile birlikte maliyetinin de diisiik olmas1 gibi avantajlar1 bulunmaktadir (Li ve ark., 2020).
Kompozit levha lretim siirecinde, yenilenebilir tarimsal bir atik olan palmiye biyokiitlesinin
kullanilmasmin 6nemi artmaktadir. Bekhta (2023), ozellikle yag palmiyesi (oil palm)
gbovdelerinin 6nemli atik iirlinler arasinda kabul edildigini belirtmektedir. Alhijazi ve ark.
(2020), her y1l yapilan palmiye hasadi sonrasinda diinya ¢apinda tonlarca miktarda biyokditle
lifli atik tretildigini ve bu atik liflerin palmiye-dogal lif kompozitlerinin gelistirilmesinde
kullanilabildigini belirtmektedir.

Palmiye ailesi (Arecaceae), yaklasik 184 cins ve 2400 tiir icermektedir. Cogu palmiye tiiri,
tropikal ve subtropikal bolgelerde o6zellikle tropikal Asya ve Amerika'da yaygin olup bazi
turler ise Afrika'da bulunmaktadir (Zhai ve ark., 2013). Palm yagi, hindistancevizi {iriinleri,
hurma ve palmiye sarabi gibi ¢esitli iirlinlerin kaynagi olan palmiye agaclari, siis bitkisi olarak
da bahgecilikte ve peyzaj diizenlemesinde yaygm olarak kullanilmaktadir (Olotu ve ark.
2024). Palmiyeler, sekonder kalinlasma yapmayan uzun Omiirlii bitkilerdir (Merev, 2003).
Her yil, palmiye agaclarmin yapraklarmimn bir kismi kurumakta ve bunun sonucunda agag
govdesini kavrayan, kaba ve kahverengi yaprak kini liflerinden olusan bir ag olugmaktadir.
Palmiye agaci yaprak kini lifi, yiiksek dayaniklilik ve mukavemet 6zellikleri nedeniyle
silteler, kanepeler, deniz ipleri, ¢uvallar ve geleneksel yagmurluklar gibi ¢esitli iirlinlerin
yapiminda kullanilmaktadir (Zhai ve ark. 2013; Li ve ark. 2020).

Yapilan literatiir taramalarinda, biyokitle atiklarmm kompozit levha Gretiminde
degerlendirilmesi konusunda bircok arastrmanmn mevcut oldugu goriilmektedir. Ozellikle
palmiye agacinin farkli kisimlarinin MDF {iretiminde kullanilmasiyla ilgili literatirde
arastrmalar bulunmaktadir (Onuorah 2005; Jamaludin ve ark., 2005; Ibrahim ve ark., 2013;
Ibrahim ve ark., 2014; Hosseinkhani ve ark., 2014; Jaber ve ark., 2016; Awang ve ark., 2023).
Ancak, palmiye agaci yaprak kinlarinin kompozit levha iiretiminde kullanilmasi konusunda
ise sinirli sayida ¢alisma bulunmaktadir. Taghiyari ve ark. (2018), Hurma palmiyesi (Phoenix
dactylifera L.) agacinin budama atiklarindan elde edilen yapraklari liflendirerek odun liflerine
karigtrmis ve karigima iire formaldehit ve izosiyanat tutkallari ile {i¢ farkli oranda karistirilan
nano-wollastonit ekleyerek Urettikleri orta yogunluklu lif levhanin fiziksel ve mekanik
ozelliklerini arastrmiglardir. Selvaraj ve ark. (2024), Areca palmiyesinin yaprak saplar1 ve dut
liflerinden trettikleri kompozit malzemenin mekanik 6zelliklerini arastirmiglardir. Dhakal ve
ark. (2018), Hurma palmiyesi yaprak kimimndan elde edilen liflerin kompozit malzemelerde
alternatif takviye malzemesi olarak uygunlugunu arastirmislardir. Bu calismanin amaci,
palmiye agaci1 yaprak kinlarmim kompozit levha tiretiminde atik bir biyokiitle olarak kullanim
potansiyelini aragtirmak ve levha 6zelliklerindeki etkilerini belirlemektir.
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2 Materyal ve Metot
2.1 Materyal

Bu ¢alismada, lifsel hammadde olarak kullanilan kaym (Fagus sp.) lifleri Kastamonu
Entegre Agag¢ Sanayi ve Ticaret AS’den, atik materyal olarak kullanilan Marmara palmiyesi/
Tuylt palmiye/Sakalli palmiye agaci (Rhapis excelsa (Thunb.) A.Henry (Sin. Chamaerops
excelsa Thunb.)) yaprak kinlar1 Giresun’dan temin edilmistir. Yaprak kinlari, agacin govde
kismindan kesilerek elde edilmistir. Kompozit levha lretiminde kullanilan Ure formaldehit
(UF) tutkali Camsan Ordu Agac San. ve Tic. AS’den temin edilmistir.

2.2 Metot
2.2.1 Kayn ve palmiye lif karakteristiklerinin belirlenmesi

Kaymn ve palmiye lif karakteristiklerini belirleyebilmek igin oncelikle lifler serbest hale
getirilmistir. Bu islem i¢in “Franklin” maserasyon yontemi kullanilmistir (Franklin, 1945).
Oncelikle masere edilecek olan érnekler, kibrit ¢opii kalinliginda pargalara ayrilarak deney
tiiplerine yerlestirilmistir. Hazirlanan tiiplere 1:1 oraninda hidrojen peroksit (H202) ve
glasiyal asetik asit (CH3COOH) ilave edilmistir. Deney tiiplerinin agizlar1 parafilm ile
kapatilmis ve ardindan bu tiipler etiiv igine yerlestirilmistir. Daha sonra, érnekler 48 saat sure
boyunca 60 °C’de tamamen beyaz renk alana kadar bekletilmistir. Masere edilen lifler saf su
ile yikandiktan sonra beher icerisine alimarak mekanik karistirici ile tamamen serbest hale
gelmesi saglanmistir. Ardindan siizme islemi gergeklestirilmis ve filtre kagidi lizerinde kalan
ornekler, safranin-gliserin i¢eren cam siselere aktarilmistir.

Olgiime hazir hale getirilen lifler lam ve lamel arasma yerlestirilmis, kamera entegre
edilmis Olympus BX50 dijital foto mikroskobu ve BS200pro goriintli analiz isleme sistemi
kullanilarak mikro fotograflar1 ¢ekilmistir. Elde edilen goriintiiler Uzerinden BS200pro
goriintli analiz yazilimi kullanilarak liflere ait lif hiicre uzunlugu, lif genisligi, lif imen
genigligi 6l¢iilmiis ve elde edilen verilerden lif ¢eper kalnlig1 hesaplanmistir (Sekil 1).

Lif
Genisligi

Uzunlugu

Lif Lomen
Genisligi

[ Lif Ceper Kalinigi = Lif Genigligi - Lif Limen Genigligi | -,

Sekil 1. Palmiye lif hiicrelerine ait 6lgimi gerceklestirilen anatomik 6zellikleri gosterir
fotograf
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2.2.2 Kompozit levhalarin iiretimi

Palmiye yaprak kinlari, bir bigak yardimiyla palmiye agaci govdesinden ayrilarak dogal
kurutmaya birakilmistir. Yaprak kinlar1 (Sekil 2¢) Cizelge 1” de belirtilen deneme desenine ve
Sekil 3’te sunulan temsili gosterime uygun sekilde tek veya cift kat olarak lifler arasina
ve/veya ylzeyine tabaka halinde yerlestirilmistir. Tek kat palmiye yaprak ki lifleri 6rgili—
ags1 bir yapiya sahip olup, bu ¢alismada tabaka igerisinde ¢ift kat yaprak kini1 kullanimu ile lif
yonii birbirine karsilikli gelecek sekilde daha glgli-rijit bir malzeme olusturmak
amaglanmistir. Kurutma firininda %2-3 rutubete kadar kurutulan kayin lifleri ve yaprak
kinlar1 levhanm hedef yogunluk degeri (800 kg/m?®) esas alinarak Uretim 6ncesinde agirlikca
tartilarak hazirlanmis ve %13 oraninda UF tutkali (kat1 madde oran1 %58) ile tam kuru life
oranla %1 oraninda parafin emulsiyonu kullanilarak levha taslagi olugturulmustur. Daha sonra
bu taslaklar, 170 °C’ de 6 dakika siire ile sicak preste preslenerek 30x30x0.8 cm boyutlarinda
kompozit levha Gretimleri gerceklestirilmistir. Uretilen bu levhalar iklimlendirme odasinda
%60£5 bagil nem ve 202 °C sicaklik sartlarinda klimatize edilmis ve deneyler i¢in gerekli
boyutlarda kesilmistir. Levha gruplar1 ve igerikleri Cizelge 1°de; Uretim prosesi, tretimde
kullanilan palmiye agac1 govdesi, yaprak kini, levha taslagi ve iiretilen levha 6rnekleri Sekil
2’de belirtilmistir.

Sekil 2. Uretim prosesi (a)-Palmiye agac1 gévdesi, (b)- Kesim islemi sonras1 yaprak kinlari,
(c)- Tek yaprak kini gorseli, (d)-Hazirlanan taslagin presteki gorseli, (e)-Uretilen levha
ornekleri

Cizelge 1. Levha gruplarina ait deneme deseni

Levha  Icerik

gruplan
TP 7 tabaka (4 tabaka kayn lifi + 3 tabaka-tek kat palmiye yaprak kini)
CP 7 tabaka (4 tabaka kaym lifi + 3 tabaka-cift kat palmiye yaprak kini)

ODCP  5tabaka (2 tabaka kaym lifi + orta ve dig tabakalar ¢ift kat palmiye yaprak kini)
ODTP 5 tabaka (2 tabaka kayn lifi + orta ve dis tabakalar tek kat palmiye yaprak kini)
P %100 palmiye yaprak ki1

Kontrol %100 kayn lifi
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o ESSSSSSSSSSSSSSESSy oo ESSSUIITTRRR T U T TP ek kat celmiye)
KL (kayin lfer) P2 2P 2 — CF (ot katpalmiye) P
TP {12k kst painiye) A N A A S AT .

P2222222222222 2277 CF [cift kst paimiyz) KL (kayin iferi) ALTLELLRRRRRRR ARG
BONNARRRN NN SN
ve) P22e2 220220 CF (et kat palmiye)
KL (kayin lifier) AL TS IETETET I | CP (gift kat palmiye) KL (kayin ifer]

= heb el EONCRNNER ANy .
TF {tek kat paimiye) | PRI CF (gt kat palmiye) ODTP (5 tabakali)
KL (kayn i) A AR AR AR AN

ATAETTIEETIE I v
ODCP (5 tabakal)

AAAAAAA AR AL AR RS

ALLTITA LTI AL AN UL LS

B A AN A AN SRR

BAAAAARARAAAARA NN

ALTTITA AR AR AR AN VRS

TP (T tabakal)

CP (7 tabakal)

Sekil 3. Levha taslaklarinin (TP, CP, ODCP, ODTP) temsili gosterimi
2.2.3 Su alma ve kalinhgina sisme oranlarinin belirlenmesi

Su alma ve kalinligmma sisme oranlarmin belirlenmesi i¢in her bir gruptan 15 adet test
orneginin ilk agirlik ve ilk kalinliklar1 6l¢iilmiistiir. Hazirlanan bu érnekler, 20°C saf suda 2
saat ve 24 saat slre icin bekletilmistir. Daha sonra suda bekletilen 6rneklerin agirlik ve
kalmliklar: tekrar dl¢iilmiistiir. Olgiim sonras1 érneklerin su alma ve kalmlhigina sisme oranlar
TS EN 317 (1999) standardinda belirtilen formiile gére hesaplanmaistir.

2.2.4 Egilme direnci ve egilmede elastikiyet modiiliiniin belirlenmesi

Uretilen levha 6rneklerinin egilme direnci ve egilmede elastikiyet modiilii testleri TS EN
310 (1999) standardina gore Sekil 4’te gosterilen Zwick Roell Z050 Universal test makinesi
kullanilarak gergeklestirilmistir.

Sekil 4. Zwick Roell Z050 tniversal test makinesi
2.2.5 Istatistik hesaplariin yapilmas
Yapilan ilgili analizler sonucunda elde edilen verilere ait aritmetik ortalama ve standart
sapma degerleri SPSS Statistics 23 programi kullanilarak hesaplanmgtir.
3  Bulgular ve Tartisma
3.1.1 Kayn ve palmiye lif karakteristikleri

Bu ¢alismada kompozit levhalarin iiretiminde kullanilan kayin lifi ve palmiye yaprak kini
liflerinin baz1 lif karakteristiklerine ait elde edilen sonuclar Cizelge 2’de belirtilmistir.
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Cizelge 2. Kaym ve palmiye yaprak kini lif karakteristikleri
Lif Karakteristikleri

Hammadde Lif uzunlugu Lif genisligi LI::nI;JT:Ve:l Lif ¢eper kalinlig
(mm) (wm) “am) (um)
Kayin 1.08 (0.23) 19.34 (3.93) 6.79 (2.01) 6.28 (1.61)
Palmiye 0.71 (0.12) 14.70 (1.70) 9.31 (1.41) 2.69 (0.52)

“Standart sapma degeri parantez icerisinde belirtilmistir.

Bir lifin seklini ve yapisini ifade eden lif morfolojisi, homojen yapida bir levha taslag:
olugmasi acisindan ve iiretilen levhanin diren¢ 6zellikleri bakimindan 6nemlidir (Akbulut ve
Ayrilmig, 2001). Cizelge 2’de goriildiigh tizere lif hiicre uzunlugu kaym lifi igin 1.08 mm ve
palmiye lifi icin 0.71 mm olarak bulunmustur. Bu sonuca gore kaym liflerinin palmiye
liflerinden olduk¢a uzun oldugu anlasilmaktadir. Ayrica palmiyenin lif limeni, kaymm Ilif
limeninden daha genis olmasmna ragmen kayin lifleri palmiyenin liflerinden daha genis ve lif
ceperi palmiyenin lif ¢eperinden daha kalindir (Cizelge 2). Abdul Khalil ve ark. (2008)
Malezya’da yerel bir plantasyondan alinan Afrika yag palmiyesinin govde kismindaki liflerin
lif uzunlugunu 0.66 mm ve lif ¢apin1 16.6 pum olarak belirlemislerdir. Zhai ve ark. (2013), 18
adet palmiye tiirline ait yaprak kinlarinin anatomik karakteristiklerini arastirdiklar
caligmalarinda Rhapis excelsa’nin lif uzunlugunu 0.74 mm, lif ¢apmi 13.6 um ve lif ¢ceper
kalmligini 3.2 pm olarak rapor etmislerdir. Kaymn liflerinin ortalama lif uzunlugu Bozkurt ve
Erdin (1989) tarafindan 1 mm, Tank ve Akkayan (1987) tarafindan ise 1.165 mm olarak
belirtilmistir. Bu ¢alismada belirlenen kaymn ve palmiye liflerine ait sonuglar, genel olarak
literatiirdeki degerlere benzerlik géstermektedir.

3.1.2 Su alma ve kalinhgina sisme oranlan

Levha 6rneklerinin su alma ve kalinligina sisme oranlarina ait ortalama degerler Sekil 5°te
ve Sekil 6’da gosterilmistir. Sekil 5’te goriildigi lizere %100 kaym liflerinden iiretilmis
kontrol levha drneklerinin 2 sa. ve 24 sa. su alma oranlar1 en yiksek, % 100 palmiye
liflerinden tiretilmis levhalarin su alma oranlar1 ise en diisiik bulunmustur. Levha 6rneklerinin
su alma oranlarinmi su sekilde siralamak miimkiindiir: K > TP > CP > ODTP > ODCP > P. Bu
sonuclara gore palmiye yaprak kini ilave edilmis levha taslagindaki palmiye Kat sayisi arttik¢a
levhalarm su alma oranlarinin  Kontrol Ornegine kiyasla belirgin oranda azaldigi
gorulmektedir.
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Sekil 5. Levha 6rneklerinin su alma oranlar
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Ornek levhalarm kalmligma sisme oranlarma ait sonuglar su alma oranlarma ait sonuglar
ile uyumlu olarak bulunmustur. Sekil 6’da goriildigi tzere, %100 kayin liflerinden tiretilmis
kontrol levha 6rneklerinin 2 sa. ve 24 sa. kalinligina sisme oranlar1 en yiiksek, % 100 palmiye
liflerinden iretilmis levhalarin kalinligina sisme oranlar1 ise en diisiik olarak bulunmustur.
Levha 6rneklerinin kalinligina sisme oranlar1 su sekilde siralanabilir: K > TP > CP > ODTP >
ODCP > P. Bu sonuglar, palmiye yaprak kini ilave edilmis levha taslagindaki palmiye kat
sayisi arttikca levhalarm kalmlhigmna sisme oranlarmin kontrol 6rnegine kiyasla azaldigini
gOstermektedir.
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Sekil 6. Levha 6rneklerinin kalinligina sisme oranlari

Calismada elde edilen su alma ve kalinligina sisme oranlar1 birlikte degerlendirildiginde
ozellikle, palmiye yaprak kini i¢eren levhalarin su alma ve kalmhima sisme oranlarmin
kontrol Ornegine kiyasla daha diisiik oldugu goriilmektedir. Bu sonug, palmiye yaprak
kimlarindaki iletim demetlerinin (vascular bundle) yapisina katilan liflerin 6zellikleri ile
iliskili olabilir. Palmiye yaprak kinlarindaki iletim demetleri metaksilem, floem, protoksilem,
ve lif demeti (fiber bundles) gibi kisimlardan meydana gelmektedir (Adzkia ve ark., 2020).
Benzer iletim demeti yapisi palmiyenin gévde kisminda da mevcut olup Nuryawan ve ark.
(2022), lifli iletim demetlerinin diisiik higroskopisite 6zelliklerine sahip oldugunu belirtmistir.

Ayrica, bu c¢alismada belirlenen su alma ve kalinligina sisme oranlarinin standartta
belirtilen deger araliklarindan daha diisiik oldugu belirlenmistir. Ozellikle, palmiye takviyeli
gruplarda diisiik su alma ve kalinligina sisme oranlari test sonrasi 6rneklerin l¢iimii sirasinda
gorsel olarak da gozlenmistir. Calismada parafin kullanilmis olmast da bu degerlerin 6nemli
Olciide azalmasinda etkili olmustur. Bununla birlikte, palmiye liflerinin kimyasal yapisindaki
farkliliklarin, liflerin yerlesim diizeni ve ags1 yapisinin yani sira, yaprak kini liflerinin tutkalla
birleserek sert ve rijit bir tabaka olusturmasmin, 6zellikle palmiye liflerinin dig tabakalarda
kullanildig1 levhalarda su alma ve kalnligina sisme oranlarmim azalmasinda etkili oldugu
diistiniilmektedir. Bu sonuglar, iretilen kompozit levhalarin suya ve rutubete maruz
kalabilecek ¢esitli kullanim alanlar1 i¢in uygun olabilecegini gdstermektedir.

3.1.3 [Egilme direnci ve egilmede elastikiyet modiilii degerleri

Levha orneklerinin egilme direnci ve egilmede elastikiyet modiilii degerlerine ait ortalama
degerler Sekil 7 ve 8’de sunulmustur. En yiiksek egilme direnci degeri, orta tabakasinda ¢ift
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kat yaprak kini yerlestirilmis levha grubuna (CP), en diisiikk egilme direnci degeri ise %100
palmiye yaprak kinindan {iiretilmis levha grubuna (P) ait olarak bulunmustur. Orta ve dis
tabakada tek kat yaprak kini yerlestirilmis levha grubu (ODTP) ile %100 kaym liflerinden
tiretilmis kontrol orneklerinin egilme direnci degerleri birbirine yakm sonuglar vermistir.
Sekil 7 incelendiginde, levha taslaginin sadece orta tabakasina tek ya da cift kat olmak tizere
yerlestirilen palmiye yaprak kinlarinin (TP ve CP) levhanin egilme direncini kontrol 6rnegine
kiyasla arttirdig1 gorilmektedir.

40,00
35,00
iy
£ 3000
E
.
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S
c
o 20,00
=
18]
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W 10,00
5,00
0,00
TP cP ODCP ODTP p K
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Sekil 7. Levha orneklerinin egilme direnci degerleri

Sekil 8’de goriildiigii UGizere, levha gruplar1 arasinda en yiiksek elastikiyet modilu degeri,
orta tabakasmda ¢ift kat yaprak kini yerlestirilmis levha grubuna (CP) ait olup bu grubun
degerini orta tabakasinda tek kat yaprak kini yerlestirilmis levha grubu (TP) takip etmektedir.
En diistik elastikiyet modiilii degeri ise %100 palmiye yaprak kinindan iiretilmis levha
grubuna (P) aittir. Orta ve dis tabakada hem tek kat hem de cift kat yaprak kini yerlestirilmis
levha gruplarinin elastikiyet modiilii degerleri birbirine yakin sonuglar vermistir. Bununla
birlikte Jamaludin ve ark. (2005) tarafindan yapilan bir ¢alismada palmiye agaci govde
kabuklarinin yongalanmasi metoduyla iiretilen lif levhalarin egilme direnci degeri 15.19
N/mm?, elastikiyet modiilii degeri ise 1996.0 N/mm? olarak belirlenmistir. Bahsedilen
calisgmada elde edilen egilme direnci degeri, bu ¢alismada %100 palmiye yaprak kinindan
iiretilen levhalarin egilme direnci degerine yakin olarak bulunmustur.

Sekil 8 incelendiginde levha taslaginin sadece orta tabakasina tek ya da cift kat olmak
tizere yerlestirilen palmiye yaprak kinlarinin levhanin elastikiyet modiilii degerlerini kontrol
ornegine kiyasla arttirdigi sonucuna varmak mumkindir. Bu sonucun ayni grup levhalarin
egilme direnci degerlerine ait sonuglarla uyumlu oldugu goriilmektedir (Sekil 7). Ayrica CP
levha Orneklerinin diger levha orneklerinden daha yiiksek egilme direnci ve elastikiyet
modili degerine sahip olmasi bu kompozit malzeme igerisindeki yaprak kini liflerinin
kompozit matrisi icerisindeki diizeni ve yoneliminden kaynaklaniyor olabilir. Nitekim
Dinakaran ve ark. (2019), kompozitteki liflerin hacim fraksiyonunun ve uygulanan yiike gore
liflerin kompozitteki yonelim duzenlemesinin kompozitin direncini etkileyen iki 6nemli
faktor oldugunu belirtmektedirler.
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Sekil 8. Levha drneklerinin elastikiyet moduli degerleri

Bu calismada elde edilen sonucglar, hem kayin liflerinin hem de palmiye yaprak kininin
vaskiler iletim demetlerinin yapisindaki liflerin lif karakteristikleri ile iliskili olabilir.
Nitekim yapilan arastirmalarda parcacik boyutu, geometrisi, tiiri ve bilesiminin
biyokompozitin mekanik ve fiziksel 6zelliklerini etkileyecegi belirtilmektedir (Hashim ve
ark., 2011; Sahari ve ark., 2014; Widyarko ve ark., 2021). Ayrica Wang ve ark. (2014),
palmiye agacmin vaskiiler iletim demeti yapisindaki liflerin ana organlarin destekleyici
unsuru oldugunu ve bu nedenle vaskiiler dokunun yapisinin palmiyenin mekanik 6zelliklerini
yonettigini belirtmistir.

Kaym ve palmiye lif karakteristikleri karsilastirildiginda kayin liflerinin lif uzunlugu, lif
ceper kalinligi gibi Ozelliklerinin palmiye lifinden daha biiyiik oldugu goriilmektedir.
Dolayisiyla bu ¢aligmanin sonucunda %100 kaym liflerinden iiretilmis levhalarin MOR ve
MOE degerlerinin %100 palmiye liflerinden iretilmis levhalarmkinden biiylik oldugu
belirlenmistir. Nitekim, Ayrilmis (2002) ¢alismasinda MDF’nin mekanik ve fiziksel
ozellikleri lizerinde lif uzunlugunun etkisinin 6nemli oldugunu, 6zellikle daha fazla baglanma
alanina sahip olan uzun lif kullanimi ile iiretilen levhalarda daha iyi fiziksel ve mekanik
ozellikler saglandigini belirtmistir.

Ozellikle bu calismada orta tabakasinda tek ve ¢ift kat yaprak kini yerlestirilmis levha
grubuna ait egilme ve elastikiyet modiilii degerleri, standartta belirtilen deger araliklarina
nispeten yakin oldugu i¢in bu tip levhalar ¢ok ylksek mekanik dayanim gerektirmeyen
kullanim yerleri i¢in uygun olabilir. Bununla birlikte %100 palmiye liflerinden iretilmis
levhalarin egilme ve elastikiyet modiiliiniin diisiik olmasi, bu levhalarin daha kirilgan ve
elastik deformasyona kars1 direngsiz oldugunu gdstermektedir.

4 Sonugclar ve Oneriler

e Bu ¢alismadan elde edilen sonuglara gore kaym lifleri arasinda kullanilan palmiye kat
sayisi arttikca tiretilen levhalarm su alma ve kalinligina sisme oranlar1 azalmistir.

e Ozellikle levha taslaginda orta tabakada kullanilan palmiye yaprak kmi kat sayisi
arttikca MOR ve MOE degerleri artmustur.

e Sadece palmiye yaprak kint liflerinden uretilen levhalarin diger levha gruplarina gore
daha diisiik su alma ve kalmligma sisme oranina, MOR ve MOE degerlerine sahip
oldugu bulunmustur.
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¢ Biyokiitlenin etkili ve verimli degerlendirilmesi agisindan 6nemli bir biyomalzeme olan
palmiye agaci ve farkli kisimlarinin levha sektériinde kullanilmasiyla ilgili daha fazla
calisma yapilmas:  Onerilmektedir. Ozellikle bu levhalarda, farkhi iiretim
parametrelerinin optimize edilmesiyle yalitim ve yanma dayanimi gibi teknolojik
ozellikler de arastirilabilir ve yliksek performansli kullanim i¢in uygun levhalarin
iiretim potansiyeli degerlendirilebilir.
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Effect of ethanol concentration as drying agent to the mechanical properties
of oil palm lumber
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ABSTRACT: This study examines the impact of ethanol on oil palm lumber as a drying
agent. The mechanical characteristics of oil palm timber were assessed. The ethanol
immersion process utilized concentrations of 91%, 70%, 85%, 55%, and 49% for both the
internal and external layers of oil palm timber. The treated outside layer of oil palm lumber
demonstrated superior strength compared to the untreated control. In contrast, the strength of
the treated core layer diminished compared to that of the control oil palm timber. Our research
demonstrates that the ethanol drying technique for oil palm trunk was efficacious. It shows
that ethanol influenced the mechanical properties of both the outer and core layers of the trunk
after 24 hours at 80°C in an oven with an optimal ethanol concentration of 55% recommended
to attain superior mechanical properties.

Keywords: Oil palm trunk, ethanol, treatment, drying agent, mechanical properties

Yag palmiyesi kerestesinin mekanik 6zelliklerine kurutma maddesi olarak
etanol konsantrasyonunun etkisi

OZ: Bu ¢ahismada etanoliin yag palmiyesi kerestesi iizerinde kurutma maddesi olarak etkisi
incelenmektedir.. Yag palmiyesi kerestesinin mekanik 6zellikleri degerlendirilmistir. Etanol
1slatma i¢in, islem yag palmiyesi kerestesinin hem i¢ hem de dis tabakasi i¢in %91, %70,
%85, %55 ve %49 konsantrasyonlar1 kullanilarak gerceklestirildi. Islenmis yag palmiyesi
kerestesinin dis tabakasi, islenmemis kontrole kiyasla daha iistiin bir dayaniklilik gosterdi.
Buna karsilik, islenmis ¢ekirdek tabakasmnin mukavemeti, kontrol yag palmiyesi kerestesine
kiyasla azaldi. Arastrmamiz, yag palmiyesi govdeleri i¢in etanol kurutma tekniginin etkili
oldugunu gostermektedir. Etanoliin, bir firnda 80°C'de 24 saat sonra govdenin hem dis hem
de ¢ekirdek katmanlarinin mekanik 6zelliklerini etkiledigini ve listiin mekanik 6zellikler elde
etmek i¢in %55'lik optimum etanol konsantrasyonunun dnerildigini géstermektedir.

Anahtar kelimeler: Yag palmiyesi govdesi, etanol, kurutma maddesi, mekanik ¢zellikler
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1 Introduction

The drying of oil palm lumber (OPL) has consistently limited its broader use. The elevated
green moisture content (about 300-500%) and significant density variation throughout the
stem render the drying of OPL a laborious and energy-demanding procedure (Rais et al.
2021). No viable commercial drying schedule for OPL has existed until recently. The
traditional drying technique of OPL in a kiln dryer requires 30-35 days and it is associated
with various drying effects (Nadzim et al. 2021). Consequently, it is imperative to devise an
effective technique for expediting the drying of OPL.

Ethanol may serve as a drying agent for OPL due to its volatility. Previous literature
indicates that methanol and ethanol have been utilized as drying agents in the drying process
of radiata pine (Pang, 2006). This action can avert the development of discoloration and
staining in wood referred to as kiln brown stain (KBS), a significant drying fault of wood. The
author stated that by drying radiata pine in methanol and ethanol solutions, brighter and KBS-
free wood was obtained. Significantly, it permits the utilization of elevated temperatures
without inducing surface discoloration, hence it enhances the efficiency of the drying process
(Pang, 2006). The research demonstrated the viability of using evaporative agents such as
alcohol in the drying process.

Consequently, this study employed ethanol as a desiccant for OPL. The OPL was
immersed in ethanol solvent before undergoing the drying procedure. The impact of this
drying technique on the mechanical properties of the OPL remains unexplored. There is
concern that elevated stress will occur as ethanol enhances intracellular water removal leading
to wood fracture and, consequently, detrimental effects on the mechanical properties of wood.
This study aims to examine the impact of ethanol as a drying agent for OPL on the bending,
shear, and compression strength of the material.

2 Material and Method
2.1 Material

A 25-year-old oil palm tree (OPT) was harvested from the oil palm plantation in UiTM
Jengka, Pahang, Malaysia. The trunk was cut 3 m from the bottom of the tree. 95% denatured
ethanol (Sigma-Aldrich) was used as a drying agent in this study.

2.2 Sample preparation

The logs were processed and flat sawn into boards with dimensions of 60 cm x 5 cm x 5
cm (length x width x thickness). The first process was cutting the OPT into a wood disc
consisting of 60% core layer of the trunk and 40% of the outer layer. After that, the oil palm
trunk was cut into two layers using a primary breakdown saw. Then, the lumber was
immediately placed into a freezer to avoid fungi attack. Then, the OPL was removed from the
freezer and placed into a box filled with different concentrations of ethanol, namely, 91%,
70%, 85%, 55%, and 49%. The ethanol was diluted using distilled water. The OPL was
immersed in ethanol for 24 hours to allow proper penetration of the solvent into the OPL.
After the immersion process, the sample was dried in an oven for 4 to 5 days at 80°C.

2.3 Mechanical properties evaluation

The OPL samples were cut into the required size for properties evaluation after drying. The
samples were cut into dimensions of 20 mm x 20 mm x 300 mm in accordance with BS 373:
for bending strength (1957). Meanwhile, the samples were cut into dimensions of 20 mm x 20
mm X 60 mm according to ASTM D143 for compression parallel to the grain (1991) The
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shear sample sizes were cut according to ASTM D 143-94 (2000) which is 50.8 mm x 60.5
mm x 50.8 mm. Five replicates were prepared for each test.

2.4 Data analysis

Response Surface Methodology (RSM) is used to determine the influence of individual and
interactive parameters on the mechanical properties of the samples.

3 Results and Discussion
3.1 Density

Figure 1 depicts the oven-dried density of the core and inner OPL before and after
immersion in ethanol. The outer plexiform layer (OPL) generally exhibits a higher density
than the inner OPL. After immersion in several concentrations of ethanol, the density of the
oil palm lumber augmented for both inner and outer OPL in comparison to the control
(untreated) OPL. The untreated inner and outer OPL exhibited densities of 202 kg/m? and 303
kg/m3, respectively. The highest density after immersion in ethanol was recorded in OPL
treated with 55% ethanol for 5 hours, resulting in a density of 309 kg/m? for the inner layer
and 530 kg/m3 for the outer layer. Ethanol, as a polar solvent, can interact with the substance
and alter its molecular structure, perhaps resulting in a change in density.

700

M Outer M Core

Control 91% 15h70% 28h 70% 1h 70% 15h 85% 24h 55% 5h 85% 5h 55% 24h 49% 15h

600

500

40

o

30

Density (kg/m?3)
o

20

o

10

o

o

Treatment

Fig. 1. Density of outer and core OPL samples soaked in different concentrations of
ethanol solution and soaking time.

3.2 Mechanical strength

Figure 2 shows the effect of concentration and soaking time on the mechanical properties
of OPL.
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Fig. 2. The 3D-surface plots of (a) MOE of outer layer; (b) MOE of inner layer; (c) MOR
of outer layer; (d) MOR of inner layer; (e) shear strength of outer layer; and (f) shear strength
of inner layer, as function of alcohol concentration and soaking time

3.2.1 Modulus of elasticity (MOE)

Figure 2a illustrates the impact of concentration and soaking duration on the MOE of OPL.
The MOE diminished with rising ethanol content and prolonged soaking duration. This may
be due to the elevated concentration of ethanol employed as a drying agent, which could have
compromised some parenchyma components in the outer layer of the oil palm trunk.
Meanwhile, quadratic effects are demonstrated for the inner layer (Figure 2b). This finding
indicates that the concentration of ethanol predominantly influenced the MOE, rather than the

duration of soaking.
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3.2.2 Modulus of rupture (MOR)

Figure 2c illustrates a quadratic effect on the MOR of the outer layer. MOR continues to
rise with increasing ethanol content until it attains a maximal point. Beyond this threshold, the
MOR value diminished in relation to concentration and soaking duration. The reduction in
bending MOR was likely due to the medium concentration of ethanol adequately drying the
outer layer of OPL, thereby stabilizing the vessel and fiber structure and potentially averting
collapse and deformation post-soaking. A comparable observation was noted for the inner
OPL, as illustrated in Figure 2d.

3.2.3 Shear Strength

Figure 2e illustrates the influence of ethanol content and immersion duration on the shear
strength of the OPL outer layer. The ethanol concentration had relatively minimal effect on
shear strength in comparison to soaking duration. The maximum concentration gave the
lowest shear strength parallel to the grain, and this gradually increased with increasing
soaking time. This was anticipated to result from the disparity in the quantity of parenchyma
cells and vascular bundles across the layers with the peripheral zone (outer layer) consisting
of a limited number of parenchyma cells and numerous vascular bundles which enhances the
mechanical stability of the palm trunk (Lim and Gan 2005). Figure 2f illustrates that the inner
OPL was influenced by both the ethanol content and the soaking duration similar to the outer
layer. Nonetheless, the inner layer was more profoundly affected as evidenced by the steeper
slope in Figure 2f.

3.2.4 Discussion

Ethanol as a polar solvent can interact with the material and change its molecular structure
potentially leading to a change in density. This observation aligns with previous studies on the
impact of solvents on material properties (Renders et al. 2016). In a study by Conner et al.
(1993), the researchers explored the changes in wood extractives from oak cask staves during
the maturation of Scotch malt whisky. Their investigation revealed that repeated exposure to
aqueous ethanol led to compositional alterations in the lignin present in the wood. In a recent
study by Wu et al. (2020), a novel approach utilizing eutectic solvents was introduced to
prepare softened wood with several enhanced properties. This method yielded wood with a
highly porous network structure, a reduction in lignin, hemicellulose, and cellulose content, a
change in colour, decreased hardness, superior mechanical flexibility, and an impressive
compression rebound rate of approximately 90%. The changes in chemical composition and
density inevitably affected the mechanical properties of the OPL as discussed above.

4. Conclusion

The work described in this paper demonstrates that ethanol can effectively be a drying
agent for oil palm lumber. From this overall research, it can be concluded that:

e The outer layer of OPL after treatment had more strength compared to control
OPL.

e The strength of the treated core layer decreased compared to the control OPL.

e The drying method by soaking the OPL in ethanol for 24 hours at 80°C was
successfully performed and only 55% of ethanol concentration was required to
achieve optimal properties of OPL.

e Nevertheless, the utilization of alcohol must be approached with caution due to
its great flammability. Additional research is required to alleviate this risk.
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