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OZET

Bu ¢alismada, saricam (Pinus sylvestris L.) uludag géknari1 (Abies bornmiilleriana Mattf.) ve
mese (Quercus petreae L.) odunlarindan elde edilen 17 mm kalinliga sahip katman
kalinliklar1 ile 3 katmanl ve 5 katmanli ¢apraz lamine ahsap levhalar (CLT) iiretilmistir. D1g
katmanlarda sarigam ve mese, ara katmanlarda ise sarigam ve goknar odunlari kullanilmaistir.
Yan yana ekleme presinde katmanlarin olusumu asamasinda ve katmanlarin 90° iist iiste
sikilarak CLT levha olusumu asamasinda PVAc ve poliiiretan (PUR) tutkallar
kullanilmistir. Ayrica yalittim 06zelliklerinin iyilestirilmesi amaciyla 3 katmanli CLT
levhalarin ara katmanina (2.katman) ve 5 katmanli CLT levhalarin 2. ve 4. ara katmanlarina
%10 ve %20 perforasyon uygulanmistir. Saricam, goknar ve mese odunlari ile olusturulan
CLT levhalarin 20°C sicaklik ve %65 bagil nem sartlarinda kondisyonlandiktan sonra
yogunluk, tam kuru yogunluk, denge rutubeti degeri, tutkal hattina dik egilme mukavemeti,
tutkal hattina paralel egilme mukavemeti, tutkal hattina dik egilmede elastikiyet modiilii,
tutkal hattina paralel egilmede elastikiyet modiilii, 1s1 yalitim testi, 1s1 gegirgenlik testi, ses
yutum testi degerleri tespit edilmistir. Sonug olarak, 3 ve 5 katmanl olarak iiretilen ¢apraz
lamine ahsap levhalardan elde edilen ornekler kiris olarak kullanilmasi durumunda; 5
katmanl1 olarak iiretilen CLT lerin dis katmani ve ara katmani saricam olan kirigleri tutkal
hattina parelel, 3 katmanl poliiiretan tutkali ile iiretilen CLT levhalardan tutkal hattina dik
yada 3 katmanli PVAc tutkali ile {iretilen CLT levhalardan tutkal hattina parelel
uygulanmalidir. Is1 yalittminin 6nemli oldugu durumlarda tasiyict olmayan kisimlarinda
%20 perfore uygulanmis ara katman1 géknar olan 3 katmanlilardan sarigam-goknar-sarigam
(SGS) ve bes katmanlilardan mese-gdknar-goknar-goknar-mese (MGGGM) CLT levhalar
kullanilmalidir. CLT levhalarin 500-800 Hz frekans seviyelerinde ses yutma katsayilar1 daha
yiiksek bulunmustur, ara katmanlara uygulanan perforasyon islemlerinin CLT levhalarin ses
yutma katsayilarinda artis sagladigi tespit edilmistir. Ses yutma ve 1s1 iletim katsayilarinin
artis saglanabilmesi i¢in daha diisiik yogunluklu malzemelerin tercih edilmesi ile birlikte ara
katmanlara uygulanacak perforasyon islemlerinin de %20’den fazla olmasi dnerilmektedir.
Sonlu elemanlar analizi (ANSYY) ile dijital olarak da incelenmis, elde edilen sonuclarin
deney sonuglari ile kabul edilebilir hata pay1 ¢ergevesinde drtiismektedir. Bu durum sonraki
benzer calismalarda referans olarak kullanilmasina imkan tanimaktadir.

Bilim Kodu . 120405

Anahtar Kelimeler  : Capraz lamine ahsap, perforasyon, 1s1 iletim katsayisi, ses yutma
katsayisi, saricam, mese, goknar, sonlu elamanlar analizi.

Sayfa Adedi ;131

Danisman . Prof. Dr. Hakan KESKIN



TECHNOLOGICAL PROPERTIES OF CROSS LAMINATED TIMBER BOARDS AND
ANALYSIS BY FINITE ELEMENT METHOD
(Ph. D. Thesis)

Ramazan BULBUL

GAZI UNIVERSITY
GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
February 2024

ABSTRACT

In this study, 3-layer and 5-layer cross-laminated timber boards (CLT) were produced with layer
thicknesses of 17 mm obtained from yellow pine (Pinus sylvestris L.), Uludag fir (Abies
bornmiilleriana Mattf.) and oak (Quercus petreae L.) woods. Yellow pine and oak woods were used
in the outer layers and yellow pine and fir woods were used in the intermediate layers. PVAc and
polyurethane (PUR) glues were used during the formation of the layers in the side-by-side splicing
press and during the formation of CLT boards by pressing the layers 900 on top of each other. In
addition, 10% and 20% perforation was applied to the interlayer (2nd layer) of 3-layer CLT boards
and to the 2nd and 4th interlayers of 5-layer CLT boards to improve the insulation properties.
Density, full dry density, equilibrium moisture content, flexural strength perpendicular to the glue
line, flexural strength parallel to the glue line, modulus of elasticity in bending perpendicular to the
glue line, modulus of elasticity in bending parallel to the glue line, modulus of elasticity in bending
parallel to the glue line, thermal insulation test, heat permeability test, sound absorption test values
were determined after the CLT boards formed with yellow pine, fir and oak woods were conditioned
under 20°C temperature and 65% relative humidity conditions. As a result, if samples obtained from
3- and 5-layer cross-laminated timber boards are used as beams, the outer layer and interlayer of 5-
layer CLTs with yellow pine should be applied parallel to the glue line, perpendicular to the glue line
from CLT boards produced with 3-layer polyurethane glue or parallel to the glue line from CLT
boards produced with 3-layer PVAc glue. In cases where thermal insulation is important, 3-layer
yellow pine-fir-yellow pine (SGS) and five-layer oak-fir-fir-fir-fir-fir-firroak (MGGGM) CLT
boards with 20% perforation applied on the non-bearing parts and fir interlayer should be used. The
sound absorption coefficients of CLT boards were found to be higher at frequency levels of 500-800
Hz, and perforation processes applied to the intermediate layers were found to increase the sound
absorption coefficients of CLT boards. In order to increase the sound absorption and heat
transmission coefficients, it is recommended that lower density materials should be preferred and the
perforation processes to be applied to the interlayer should be more than 20%. The results were also
digitally analyzed by finite element analysis (ANSYS), and the results obtained coincide with the
experimental results within the acceptable margin of error. This allows it to be used as a reference
for future similar studies.
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