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ABSTRACT

This study was conducted to determine the best of using places by some of the
technological properties of laminated wood materials made up with the
combination of oak wood (Quercus petraea Liebl.) and Scots pine (Pinus
sylvestris Lipsky) wood. For this aim, the laminated wood materials were prepared
in the form of five layers from Scots pine and oak wood glued by Desmodur-
VTKA adhesive. The air dry density TS 2472, bending strength TS 2474, modulus
of elasticity in bending TS 2478, compression strength TS 2595, shear strength
ASTM D 3110, cleavage and bursting ASTM D 143 were determined in due
course for a total of 275 prepared samples. Consequently, the air dry density 0.568
g/em’, bending strength 107.523 N/mm?, modulus of the elasticity 10656.998
N/mm?, compression strength 66.359 N/mm? shear strength 9.935 N/mm?” were
found. Accordingly, laminated oak wood and Scots pine wood combination could
be proposed as furniture and building materials.
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SAPSIZ MESE (Quercus petraea Liebl.) ve SARICAM (Pinus sylvestris Lipsky)
KOMBINASYONU iLE URETILMI$ LAMINE AGAC MALZEMELERIN BAZI
TEKNOLOJIK OZELLiKLERi ve KULLANIM IMKANLARI

1. GIRIS

OZET

Bu calisma, sapsiz mese (Quercus petraea Liebl.) ve sarigam (Pinus sylvestris
Lipsky) kombinasyonu ile iiretilmis lamine aga¢ malzemelerin bazi teknolojik
ozellikleri yardimi ile en uygun kullanim yerlerinin belirlenmesi amaciyla
yapilmistir. Bu amagla sapsiz mese ve sarigam odunlarindan Desmodur-VTKA
tipi tutkal ile bes katmanli olarak hazirlanan lamine aga¢ malzemeler
kullanilmistir. Hazirlanan 275 adet deney Ornegi iizerinde; yogunluk TS 2472,
egilme direnci TS 2474, egilmede elastiklik modiilii TS 2478, basing direnci TS
2595, makaslama direnci ASTM D 3110 esaslarina uyularak belirlenmistir.
Deneyler sonunda, mese ve ¢am kombinasyonu ile iretilmis lamine agag
malzemelerin hava kurusu yogunlugu 0.568 g/cm®, egilme direnci 107.523
N/mm?, egilmede elastiklik modiili 10656.998 N/mm?, basing direnci 66.359
N/mm?, makaslama direnci 9.935 N/mm?® olarak bulunmustur. Bu sonuglara gore;
mese ve sarigam kombinasyonu ile iiretilmis lamine aga¢ malzemeler mobilya ve
yap1 malzemesi olarak kullanilmas1 6nerilebilir.

Anahtar kelimeler: Teknolojik oOzellikler, Laminasyon, Sapsiz mese, Saricam,
Desmodur-VTKA tutkali

1. INTRODUCTION

Agacisleri endiistrisinde her gegen giin daha yaygin According to TS EN 386 (1),

kullanim alani bulan lamine aga¢ malzeme, TS EN 386’ya
(1) gore; ahsap kaplamalarin o6zellikle lifleri birbirine

paralel olarak yapistirilmasiyla elde edilen yap: elemant parallel to the longitudinal axis.
olarak tanimlanmaktadir.

Lamine elemani olusturan katlar arasindaki rutubet farki

the laminated wood

material can be defined as a structural member that was
made of wood fabricated from laminations of timber glued

The moisture content should be uniform between

laminations. According to TS EN 386 and DIN 68140 (2),



122

TS EN 386 ve DIN 68140’a (2) gore % 4’ agmamalidir.
Aksi halde, farkli c¢aligma sartlar1 sonucu olusan
gerilmeler liflere dik yondeki ¢ekme direncini asarak
catlamalara sebep olabilir. Laminasyon isleminin yapildigi
ortam sicakhiginmn en az 15 °C, bagil nemi ise % 40-70
arasinda olmasi gerekmektedir.

Lamine edilmis agac  malzemelerde  bi¢im
degismelerinin  olugsmamast igin lamine katlarin
diizenlenmesinde, yillik halkalarin konumuna dikkat
etmek gerekmektedir. Bu-nun sebebi aga¢ malzemenin
yulik halkalara teget ve radyal yonlerde farkli
caligmasidir. Bilindigi gibi, agac tiirlerine gore daralma
miktarlari, yillik halkalara teget yonde % 3,5-15, radyal
yonde % 2,4-11, liflere paralel yonde % 0,1-0,9 arasinda
degisir (3).

Laminasyon igleminde kullanilan odunun yapisi, yiizey
plriizliliigl, pres basinci, presleme siiresi ve kullanilan
tutkalin teknik oOzellikleri odunun yapisma mukavemeti
tizerine etkili olmaktadir. Farkli aga¢ tiirlerinin ayni anda
preslenmesi halinde pres basinci yumusak oduna gore
belirlenir. Dilik (4) tarafindan yapilan arastirma
sonuglarina gore, pres basinglarinin yumusak agaglarda
0,6-1 N/mm?, sert agaclarda ise 0,2-1,6 N/mm? arasinda
olmasi gerektigini gostermistir.

Diizgiin yiizeyli pargalarin yapistirilmasinda yeterli
basing uygulandiginda, tutkalin bir yiizeyden diger yiizeye
transferi yeknesak olmakta ve yapisma direnci en iyi
sonug vermektedir. Kusursuz yiizeylerin birlestirilmesinde
0,7 N/mm* basing uygulandiginda, yapisma direnci en
yiiksek degere ulasmaktadir (5).

2 ve 4 mm kalnhgindaki Dogu kaymi (Fagus
orientalis Lipsky) kaplamalarindan Poliliretan tutkali ile
lamine edilen aga¢ malzemelerin direng degerlerinin,
PVAc tutkali ile lamine edilenlerden daha yiiksek
oldugunu bildirmistir (6).

5 mm kalimligindaki sedir (Cedrus libani A. Rich),
saricam (Pinus sylvestris L.), kayin (Fagus orientalis L.)
ve mese (Quercus petrea Liebl.) kaplamalarindan, PVAc-
D, tutkali ile 4 katmanli olarak lamine edilmis agac
malzemelerin teknolojik &zelliklerinin, bu agag tiirlerini
temsil eden masif aga¢ malzemelere gore daha iistiin
olduklar1 belirlenmistir (7).

4 mm kalinhigindaki karagam (Pinus nigra var.
Pallasiana) kaplamalardan, Ure-formaldehid (Poliiire-
8755) tutkal1 ile 5 katmanli olarak lamine edilmis karagam
aga¢ malzemelerin mobilyalarin mukavemet gerektiren
iskelet elemanlarinda ve yap1 elemani olarak kullanilmasi
Onerilmistir (8).

Masif aga¢ malzemeye gore, estetik, ekonomik ve
teknolojik 6zellikleri bakimindan daha iistiin olan lamine
agac malzemelerin LVL (Laminated Vineer Lumber)
mobilya iiretiminde 6zellikle dolap, masa, sandalye, raf ve
dosemeli mobilyalarin mukavemet gerektiren iskelet
elemanlarinda tercih edilmesi gerektigi bildirilmistir (9).
Ayrica bu malzemeler, yap: elemani olarak kolon ve
kirislerde kullanilabildigi gibi, papel kaplama levhalarinin
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the moisture content of adjacent laminations should not
vary by more than 4 %. This limit is essential to avoid the
development of internal stresses.

To prevent dimensional changes during in use, the
effects of lay-up geometry, including growth ring
orientation and pith location should be considered.
Wood’s shrinkage values differ in accordance with the
direction. The shrinkage values are 3.5-15% in tangential,
2.4-11 in radial and 0.9-1 in longitudinal direction (3).

There are some of the import factors, affecting strength
of the bonding strength of wood, in the production of
laminated wood. The factors include structure of wood,
technical properties of adhesive, pres pressure and
roughness of surface. According to Dilik (4), the pressure
of press values should be 0.6-1 N/mm? in softwoods, 0.2-
1.6 N/mm? in hardwoods in the lamination process.

The effects of physical and mechanical properties of
wood, pressing time, amount and adhesive properties on
the ending strength were proved. The pressure time and
amount depend on the type of wood. The pressure method
should provide a uniform pressure. When the pressure of
press value is selected 0.7 N/mm?, bonding strength can
reach the best outcome (5).

Strength values of the beech wood (Fagus orientalis
Lipsky) materials laminated with Polyurethane adhesive,
thickness of veneer 2 and 4 mm, more superior values
than beech wood materials laminated with PVA
(Polyvinyl asetate) (6).

Technological properties of the cedar wood (Cedrus
libani A. Rich), Scots pine wood (Pinus sylvestris
Lipsky), beech wood (Fagus orientalis Lipsky) and oak
wood (Quercus petrea Liebl.) laminated with PVAc-D,
adhesive as a 4 layers than more superior values than solid
wood materials which were representing their kinds (7).

Wood materials of the black pine wood (Pinus nigra
var. Pallasiana) veneer, laminated with Urea-
formaldehyde (Polyure-8755) adhesive as a thickness 5
layers can be used as the furniture and building materials

®).

Laminated Veneer Lumber (LVL) has more superior
values, technological properties, more aesthetic and more
economic than solid woods. It can be used production of
furniture, cupboard, desk, chair, table etc. (9). As well, it
can be used building materials, column and beams (10).

Laminated Beech-poplar combination wood materials
were prepared in the form of five layers, 4mm thickness
of veneer, from beech (Fagus orientalis Lipsky) and
poplar wood (Populus nigra Lipsky) glued by PVAc-D,
(Polyvinylasetate) adhesive. Consequently, the air dry
density of 0.571 g/cm’, bending strength of 98.66 N/mm?,
modulus of the elasticity of 9020.24 N/mm?, compression
strength of 54.49 N/mm?, shear strength of 9.11 N/mm?
were found. Accordingly, laminated beech-poplar wood
combination could be proposed to use as furniture
materials (11).
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sicak veya soguk kalip preste yiiksek basing altinda, diiz
veya egimli olarak yapistirilmasiyla, O6zellikle yiiksek
statik ve dinamik kuvvetlere maruz kalan mobilyalarda
kullanilmaktadir (10).

4 mm kalmhgindaki Dogu kaymi (Fagus orientalis
Lipsky) ve Kara kavak (Populus nigra Lipsky)
kaplamalardan, PVAc-Dj tipi tutkal ile bes katmanli (3 kat
kayin, 2 kat kavak) olarak hazirlanan lamine masif agag
malzemelerin hava kurusu yogunlugu 0.571g/cm’,; egilme
direnci 98.66 N/mm?, egilmede elastiklik modiilii 9020.24
N/mm?, basing direnci 54.49 N/mm?, makaslama direnci
9.11 N/mm? yarilma direnci 0.540 N/mm’® olarak
bulunmus ve bu sonuglara goére; kaym ve kavak
kombinasyonu ile iretilmis lamine aga¢ malzemelerin
mobilya malzemesi olarak kullanilmasi dnerilmistir (11).

Bu c¢aligmada, 4 mm kalinligindaki sapsiz mese ve
saricam kaplamalardan Desmodur-VTKA tutkali ile 5
katmanli (3 kat mese, 2 kat ¢cam) olarak iiretilen lamine
aga¢ malzemenin bazi fiziksel ve mekanik ozellikleri
yardimiyla en uygun kullanim alanlarinin belirlenmesi
amaglanmustir.

2. MATERYAL VE METOD
2.1. Aga¢ Malzeme

Ulkemiz agacisleri endiistrisinde  yaygin  olarak
kullanilmas: nedeniyle sapsiz mese (Quercus petraea
Liebl.) ve sarigam (Pinus sylvestris Lipsky) odunlar
deney materyali olarak secilmistir. Agac malzemeler,
Ankara’daki kereste isletmelerinden tamamen tesadiifi
yontemle temin edilmis ve segiminde kerestenin kusursuz
olmasina, liflerinin diizgilin, ardaksiz, reaksiyon odunu
bulunmayan, mantar ve bdcek zararlarina ugramamig
olmasina 6zen gosterilmistir. Odunlarin tiirlerine ait olup
olmadig1 makroskopik tant metodu ile belirlenmistir (12).

Masif aga¢ malzemelerden 70x780 mm dlgiilerinde
kesilen 4 mm kalinliktaki kaplamalar istiflendikten sonra,
iklimlendirme odasinda 20 +2 °C sicaklik ve % 65 %5
bagil nem sartlarinda % 12 rutubete ulasincaya kadar
bekletilmislerdir.

2.2. Tutkal

Aragtirmada, tutkal olarak Desmodur-VTKA (Polisan)
tipi tutkalt kullanilmistir. Desmodur-VTKA tutkali ¢éziicii
icermeyen, tek kompenantli poliiiretan esasli ve nem
kiirlemeli bir yapistiricidir. Kullanilan tutkal, suya,
rutubete ve soguga karsi dayamkli olup, yogunlugu 20 °C
1,11£0,02 g/em®, 25 °C de viskozitesi 3300-4000 cps,
kullanim miktar1 150-200 g/m?, uygulama sekli firca yada
silindirli sirme makinesi, sertlesme siiresi 20 °C sicaklik
ve %65 bagil nemde 30 dakikadir. Yapistirtlacak yiizeyler
temiz, tozsuz ve yagsiz olmali ve tutkalin sertlesme hizini
arttrmak icin kuru yiizeyler hafifce nemlendirildikten
sonra tutkal dogrudan dogruya emiciligi yiiksek alana
siiriilmelidir (13).

2.3. Deney orneklerinin hazirlanmasi

Laminasyon igslemi TS EN 386 esaslarina uyularak,
hava kurusu haldeki 4 mm kalinligindaki kaplamalardan

In this study, it was aimed to find out the mechanical
and physical properties as well as suitable end uses of
laminated wood materials, prepared in the form of five
layers (3 oak wood, 2 pine wood), glued by using
Desmodur-VTKA adhesive.

2. MATERIALS AND METHODS
2.1. Wood Materials

The woods of oak (Quercus petraea Liebl.) and Scotch
pine (Pinus sylvestris Lipsky) were chosen randomly from
timber merchants of Ankara in Turkey. Special emphasis
is given for the selection of the wood material
Accordingly, non-deficient, proper, knotless, normally
grown (without zone line, without reaction wood and
without decay, insect mushroom damages) wood materials
are selected (12).

The dimensions of each veneer were 4x70x780 mm.
They were conditioned in relative humidity of 65t5 %
and 204#2 C° temperature until they reached the
equilibrium moisture content of 12 %.

2.2. Adhesive

This study, Desmodur-VTKA (Polisan) adhesive was
used. it is also preferable for the assembly process in the
furniture industry. It has one component, solvent free,
polyurethane based adhesive. It is used for gluing wood,
metal, polyester, stone, glass, ceramic, PVC and other
plastic = materials. Desmodur-VTKA is  specially
recommended for application in location subject to high-
level humidity and it is foaming after the application.
Technical properties of the adhesives; density is 1.1+0,02
g cm-> 20 C°, viscosity is 3300-4000 cps 25 C°, pH is 7,
time of solidify 20 C° and 65 % relative humidity, it
solidifies in 30 minutes, amount of adhesive applied to the
surface 150-200 g m™. The bonding surfaces should be
without oil and dust (13).

2.3. Preparation of test samples

Laminated samples, using air-dry and 4 mm thickness
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20x70x780 mm boyutlarinda ve 5 katmanli olarak
tiretilmistir (Sekil 1).

CEDE D,
CIL SRS,

Oak/Mege
Pine/Cam
Oak/Mege
Pine/Cam
Oak/Mege

PPRRRPR
LOP
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veneers, were produced according to TS EN 386. They
were laminated oak, pine and oak-pine (top, bottom and
middle layers were made of oak and intermediary layers
were made of pine). The samples consisted of 5 layers and
the overall dimensions of the samples were 780 mm long,
70 mm wide and 20 mm deep. Also, similar samples were
made of solid oak and pine for comparison (Figure 1).

Pine/Cam

Pine/Cam

L7, / A Pine/Cam

N\ Y Pine/Cam

P/ / Pine/Cam
LP

2

Oak/Mege
Pine/Cam : Pinus sylvestris Lipsky
Adhesive/Tutkal : Desmodur-VTKA

Layer Thickness/Lamel Kalinhig1 : 4 mm

: Quercus petraea Liebl.

SP

LOP : Laminated oak and pine wood, LO : Laminated oak wood, LP : Laminated pine wood,
SO : Solid oak wood, SP : Solid pine wood

Figure 1. Solid and laminated wood samples
Sekil 1. Deney orneklerinin hazirlanmasi

Uretici firma onerileri dikkate alinarak tutkal ¢ozeltisi,
yiizeylerden sadece birisine firga ile ve 180-200 gr/m’
hesabiyla siiriilmiistiir. Tutkal ¢ozeltisinin baslangictaki
agirlig ile tutkallama isleminden sonraki agirlig: tartilmis
ve kullanilan tutkal miktar1 (firgada kalan miktar hesaba
katilarak) tutkallanan toplam yiizeye bolinmistiir.
Yapistirma igleminde; yiizeyler tutkallanip yaklasik 5-6
dakika bekletildikten sonra pres basinci; sarigam igin 0.8
N/mm?, sapsiz mese i¢in 1 N/mm’ ve mese ve ¢am
kombinasyonu igin 0.9 N/mm? pres sicakhg 20 °C,
presleme siiresi 30 dakikadir. Laminasyon islemi, sicak ve
soguk preslemeye uygun basing gostergeli hidrolik
kaplama presinde yapilmistir.

2.4. Deney metodu

Hava kurusu yogunluk tayininde TS 2472 (14) esaslarma
uyularak 20x20x30 mm 6lgiilerinde hazirlanan drnekler; 20 +2 °C
sicaklik ve % 65 +5 bagil nem sartlarinda degismez agirliga
ulagincaya kadar bekletilmistir. Bu durumda +0,01g duyarlikli
analitik terazide tartihp (M;y), +0,0lmm duyarlikli dijital
kumpasla boyutlar1  belirlendikten sonra hacimleri Vi,
hesaplanarak, hava kurusu yogunluklar (D),);esitliginden
hesaplanmustir.

D12

20x70x780 mm Olglilerinde hazirlanmig lamine mese-
¢am kombinasyonu, lamine mese, lamine ¢am, masif mese
ve masif ¢cam aga¢c malzemelerin bir kenarlar1 planya
edildikten sonra yiiksek devirli daire testere makinesinde
ve standartlarda belirtilen dl¢iilerde toplam 275 adet deney
Ornegi hazirlanmusgtir.

_M12

12

The Adhesive spreading rate was approximately 180-
200 g/m’. The glue was spread to one surface only using a
brush. The spreading rate was calculated by weighing
each veneer before and after gluing. The glue line pressure
ranged for pine wood 0.8 N/mm?, for oak wood 1 N/mm?,
for oak-pine combination 0.9 N/mm’. Pres temperature
was 20 C°and pres time was 30 minutes.

The test samples (laminated oak, pine, oak-pine
combination and solid oak, solid pine) were prepared the
numbers of 275, according to TS and ASTM standards.

2.4. Test methods

Air-dry density was determined in accordance with TS
2474 (14). The test samples were prepared dimensions of
20x20x30 mm. They were conditioned in relative
humidity of 65+5% and 2042 C° temperature until they
reached the equilibrium moisture content of 12 %. After,
they were weighed by digital sensitive weighing and
determined dimensions of them by digital sensitive by
compass. Air-dry density values of the samples were
calculated by the following equations.

(g cm'3) [1]

Where, Dy, is the samples air-dry density (g cm™), M,
is the sample air-dry weight (g) and V;, is the sample air-
dry volume (cm®).

The test samples of bending strength and elasticity
modulus in bending were prepared according to TS EN
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Egilme direnci ve elastiklik modiilii belirlenmesinde
kullanilan 6rnekler TS EN 326 (15)’e gore hazirlanmistir.
TS 2474 (16)’e gore egilme direnci, TS 2478 (17)’e gore
egilmede elastiklik modiili denemeleri yiiriitiilmiistiir
(Sekil 2). Bu standartlar dikkate alinarak her iki deney
grubu igin Ornekler 20x20x360 mm boyutlarinda
hazirlanmugtir.

30, 150

326 standard (15). The experiments were done bending
strength according to TS 2474 standard (16), modulus of
elasticity in bending according to TS 2478 (17) standard
(Figure 2). The test samples were prepared 20x20x360
mm dimensions for each two them.

Fmax

o15

Figure 2. Bending strength and modulus of elasticity in bending test

Sekil 2. Egilme direnci ve egilmede elastiklik modiilii deneyi

_ Deneyler bilgisayar kontrolli 1000 kp kapasiteli
Universal Test Makinesinde yapilmistir. Kirilma anindaki
maksimum kuvvet (F,,,) i¢in egilme direnci (c.);

_ 3Fmax.L
2bh*

e

esitliginden hesaplanmistir. Burada, L; dayanak noktalari
arasindaki agiklik (mm), b; Ornegin genisligi (mm), h;
ornegin kalinlig1 (mm) dir.

Elastiklik ~ modiliiniin ~ belirlenmesinde  egilme
direncinde kullanilan deney o6rnekleri kullanilmustir.
Elastik deformasyon bolgesinde uygulanan kuvvet farki
(AF) icin drnekteki egilme miktarlari fark: (Af) yardimu ile
elastiklik modiilii (E),

AF.L !
== — (Nmm?) 3]
4b.1 Af
esitliginden  hesaplanmigtir.  Burada, AF; elastik where, AF is the applied force per unit area (N), L; is

deformasyon bolgesinde yiiklemenin alt ve {ist limitlerinin
aritmetik ortalamalart arasindaki farka esit kuvvet (N), L;
dayanak noktalar1 arasindaki aciklik (mm), Af; net egilme
alanindaki sehim, yiiklemenin alt ve st limitlerinde
Olciilen sehimlere ait sonuglarin aritmetik ortalamalari
arasindaki fark (mm), b; deney parcasinin en kesit
genisligi (mm), h; deney pargasinin en kesit kalinlifi
(mm) dir.

Liflere ve tutkal hattina paralel basing direnci
deneylerinde TS 2595 (18) esaslarina uyulmustur. Bu
maksatla, 20x20x30 mm boyutlarinda 55 adet deney
ornegi hazirlanmistir.  Deneylerden once, kuvvetin
uygulandigi enine kesit alani (A) dl¢iiliip, kirilma anindaki

Tests were conducted using a computer controlled
universal testing machine,1000 kp capacity. Bending
strength values of the samples were calculated by the
following equations:

where, L is openness between two supports on the
mechanism (mm), b is the sample wideness (mm), h is the
sample thickness (mm). Bending test samples were used
to determine values of electricity modulus in bending.
Modulus of elasticity tests was conducted using a
computer controlled universal testing machine. Modulus
of elasticity values was calculated by the following
equations:

openness between two supports on the mechanism (mm),
Af is strain, the amount the material yields (elongation per
unit length) (mm), b is the sample wideness (mm), h is the
sample thickness (mm).

Parallel to the fiber and glue line compression strength
tests were conducted according to TS 2595 (18). For this
purpose, test samples were prepared dimensions 20x20x30
mm and numbers 55 test samples. Compression strength
test was conducted universal testing machine, capacity of
4000 kp. Compression strength values were calculated by
the following equations.

(N mm'z) [2]
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maksimum kuvvet (Fp.) belirlenerek basing direngleri

(ov);

G.U. J. Sci., 17(4):121-131 (2004)/ Hakan KESKIN

F
o, === (N mm’) [4]

esitliginden hesaplanmistir.

Liflere ve tutkal hattina paralel makaslama direnci
deneyinde ASTM D 3110 (19) esaslarina uyulmustur
(Sekil 3).

where, F.. is maximum load, A is the samples
wideness and thickness.

Parallel to the fiber and glue line shear strength tests
were conducted according to ASTM D 3110 (19) (Figure
3).

Figure 3. Shear strength test
Sekil 3. Makaslama direnci deneyi

Deneylerden 6nce kuvvetin uygulanacagi ve makaslama
etkisine maruz kalacak alanlarin boyutlart +0,01mm
duyarlikli dijital kumpasla 6l¢iilmiistiir. Kirilma anindaki
maksimum kuvvet (F,,,) yardimi ile makaslama direngleri

(om);

Before shear test, dimensions of the test samples were
determined by +0,01mm sensitive digital Compass. Sear
strength test was conducted universal testing machine,
capacity of 4000 kp. The test values were calculated by the
following equations.

F
Om =—22 (N mm?) 5]

bl

esitliginden hesaplanmustir. Burada, b; makaslama yiizeyi
genisligi (mm), 1; makaslama yiizeyi uzunlugu (mm) dur.

2.5. Verilerin Degerlendirilmesi

Elde edilen verilerin istatistiksel analizinde SPSS 10.1
for Windows programi kullanilmistir. Lamine ve masif
aga¢c malzemelerin (lamine mese-¢am kombinasyonu,
lamine mese, lamine ¢am, masif mese ve masif cam) bazi
mekanik ve fiziksel 6zellikleri arasindaki farki belirlemek
icin F testi kullanilmistir. Gruplar arasindaki farkliligin
onemli ¢ikmast halinde (o = 0.05) giiven diizeyinde
Duncan testi ile karsilastirilmigtir.

3. BULGULAR

Lamine edilmis aga¢ malzeme ve masif agac
malzemelerin bazi teknolojik Ozelliklerine ait istatistik
degerler Tablo 1°de verilmistir.

Where, F. is maximum load, b is the sample wideness
(mm), 1 is the samples tallness (mm).

2.5. Statistical Evaluation

The statistical procedure results were given by the
SPSS 10.1 computer program. The comparison between
laminated and solid wood samples (laminated oak wood
solid oak wood, laminated pine wood, solid pine wood and
laminated oak-pine combination) was dependent on the
results of analyses using analyses of variance (ANOVA).
When the difference between groups were found to be
significant, Duncan Test was used to determine the
difference between means at prescribed level of a=0.05.

3. RESULTS

Test results were summarized by using descriptive
statistics such as the maximum, minimum, mean and
standard deviation. Descriptive statistical values of tested
technological properties of samples were given in Table 1.
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Table 1. Descriptive statistical values of technological properties

Tablo 1. Lamine ve masif aga¢ malzemelerin baz: teknolojik 6zellikleri ait istatistik degerler

Process/ Values/ Air-Dry Bending Modulus of Compression Shear
Agag¢ Malzeme Ist.Deg. Density/ Strength/ Elasticity/Elastik Strength/ Strength/
Tiirii Hva Egilme Modiilii Basing Direnci Makaslama
Ku.Yogunluk Direnci (AN/mm?) (//N/mm?) Direnci
g/em’ (N/mm?) (//N/mm?)
LOP (Laminated | Mean 0.568 107.523 10656.998 66359 9.935
Oak-Pine Wood)/ | Std.Dev. | 0.014438 2.157750 331.958702 1.879390 03720043
Lamine Mese-Cam | Varyans 0.000208 4.655885 110196.5803 3.532109 0.1383872
Kombinasyonu Min. 0.549 105.11 10216.13 62.58 8.95
(LMCQ) Max. 0.599 112.68 11186.59 69.16 10.36
N 11 11 11 11 11
, Mean 0.639 109.026 10985.705 70.027 11373
LO(Laminated Std.Dev. | 0.020364 2089111 193.736290 2.638545 0.918164
(L):rl;mwe 01(\)/?2; . Varyans | 0.000415 4364385 37533.7503 6961921 0.843025
Py Min. 0.607 10539 10676.92 66.46 10.06
Max. 0.678 112.55 11293.02 75.93 12.93
N 11 11 11 11 11
, Mean 0.537 107.346 10277.517 59.360 8.785
LP(Laminated Std.Dev. | 0.000588 2.405898 197.725456 1.640386 0.428073
i;‘:fli}l":’g:r)r/l Varyans | 0.000003 5.788345 39095.3562 2.690869 0.183247
o Min. 0.529 103.88 9989.52 56.52 8.28
Max. 0.549 110.04 1059335 61.87 9.52
N 11 11 11 11 11
Mean 0.611 106.050 10742.727 67.177 10.161
SO(Solid Oak Std.Dev. | 0.012713 2.697243 265.97996 2.102289 0.474675
Woody/masif Mese | Varyans | 0.000162 7275120 70745.340 4.419621 0225316
(MM) Min. 0.595 10237 10065.69 64.92 9.2
Max. 0.631 109.81 11051.68 70.67 10.84
N 11 11 11 11 11
Mean 0513 105.74 10087.096 56.061 7.951
. Std.Dev. | 0.014356 2.051536 135.600167 2115569 0.427046
SP (Solid Pine v 0.000206 4208300 18387.4055 4.475636 0.182369
Wood)/ aryans : ' : : '
Masif Cam Min. 0.492 102.89 9955.39 5326 7.08
MO) Max. 0.539 109.09 10356.02 5923 834
N 11 11 11 11 11

x : Aritmetik Ortalama, S: Standart Sapma, V: Varyans, min.: minimum, mak.: maksimum, N: Ornek Sayisi

Lamine mese-gam kombinasyonu, lamine mese, lamine
cam, masif mese ve masif c¢am’in bazi teknolojik
ozellikleri i¢in yapilan F testine gore (Tablo 2); hava
kurusu yogunluk (F4;50 = 140.289, P<0.05), liflere ve
tutkal hattina dik egilme direnci (F4;50 = 3,606, P<0.05),
egilmede elastiklik modiili (F4;50 = 26.256, P<0.05),
liflere ve tutkal hattina paralel basing direnci (F4;50 =
84.890, P<0.05), liflere ve tutkal hattina paralel
makaslama direnci (F4;50=60.942, P<0.05) ornekleri
arasinda  istatistiksel anlamda Onemli farkliliklar
gostermistir

The comparison between laminated and solid samples
was dependent on the results of analyses using analyses of
variance (ANOVA). When the difference between groups
were found to be significant, Duncan test was used to
determine the difference between means at prescribed
level of a=0.05 (Table 2). According to ANOVA, air-dry
density was F4;50 = 140.289 (P<0.05), perpendicular to
the fiber and glue line bending strength was F4;50 = 3,606
(P<0.05), modulus of elasticity in bending F4;50 = 26.256
(P<0.05), parallel to the fiber and glue line compression
strength F4;50 = 84.890 (P<0.05) and parallel to the fiber
and glue line shear strength F4;50=60.942 (P<0.05).
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Table 2. The result of ANOVA
Tablo 2. F Testi Sonuglari

G.U. J. Sci., 17(4):121-131 (2004)/ Hakan KESKIN

Air-Dry Density/ | Source/Varyans Kaynag: SO DF MS F Value SIG*
Hava Kurusu Between Groups/Gruplar Arasi 0.116 4 10.02899
Yogunlsuk Within Groups/Grup l¢i 0.01033 50 | 0.000206 140.286 | 0.000
(g/em’) Total/Toplam 0.126 >4
Bending Strength/ Source/Varyans Kaynagi SO DF MS F Value SIG*
Egilme Direnci Between Groups/Gruplar Arasi 75.858 4 | 18,965
(AN/mm?) Within Groups/Grup I¢i 262.925 50 |5.259 3.606 0.012
Total/Toplam 338.783 54
Modulus of Elasticity | Source/Varyans Kaynagi SO DF MS F Value SIG*
in Bending/ Between Groups/Gruplar Arasi 5796541 4 | 1449135
Elastiklik Modili Within Groups/Grup Igi 2759584 50 |55191,69 26.256 0.000
(N/mm’) Total Toplam 8556125 | 54
Compression Source/Varyans Kaynagi SO DF MS F Value SIG*
Strength/ Between Groups/Gruplar Arasi 1499.507 4 | 374,877
Basing Dirgnci Within Groups/Grup Ici 220.802 50 |4.416 84.890 0.000
(// N/mm”) Total/ Toplam 1720.308 54
Shear Strength/ Source/Varyans Kaynagi SO DF MS F Value SIG*
Makaslama Direnci | Between Groups/Gruplar Arasi 76.601 4 119.150
(// N/'mn?) Within Groups/Grup igi 15.712 50 0314 60.942 0.000
Total/Toplam 92.313 54

*P<0,05, SO: Sum of square, DF: Degrees of freedom, MS: Mean square, SIG: Significance/

*P<0,05 KT : Kareler Toplamu,

Farkliligin hangi gruplar arasinda onemli oldugunu
belirlemek amaciyla yapilan Duncan testi sonuglarina gére
(Tablo 3); en yiiksek degerler tim deney tiirleri igin,
lamine edilmis mese’de elde edilmis, bunu sirasi ile masif
mese, lamine mese-cam kombinasyonu, lamine ¢am ve
masif ¢am izlemistir. Egilme direncinde ise siralama en
yiiksek deger lamine mesede elde edilmis bunu sirasiyla
lamine-cam kombinasyonu, lamine ¢am, masif mese ve
masif ¢am izlemistir. Bu siralamada sadece lamine mese-
¢am kombinasyonu ile lamine ¢am arasindaki
matematiksel fark istatistiksel anlamda 6nemsiz ¢ikmistir.

Table 3. The Result of Duncan Test
Tablo 3. Duncan Testi Sonuglari

KO : Kareler Ortalamasi,

SD : Serbestlik Derecesi

When the difference between groups were found to be
significant, Duncan test was used to determine the
difference between means at prescribed level of a=0.05
(Table 3). Examination of overall results showed that
laminated oak samples showed was the best properties,
respectively; solid oak, laminated oak-pine combination,
laminated pine and solid pine. However, laminated oak-
pine and laminated pine the difference between means in
bending strength samples weren’t found significantly as a
statistics.

Density Bending Modulus of Compression Sear
Process/ L Air-Dry/ Strength/ Elasticity/ Strength/ Strength/
Islem Cesidi Hava Kurusu Egilme Direnci | Elastiklik Modiilii | Basing Direnci Makaslama
N Yogunluk (N/mm?) (N/mm?) (N/mm?) Direnci
(g/cm’) (N/mm?)
X HG X HG X HG X HG X HG
11 0.568 C 107.52 B 10657.00 C 66.36 C 9.93 C
LOP/Lamine Meset+Cam
LO/Lamine Mese 11 0.639 A 109.02 A 10985.71 A 70.02 A 11.37 A
LP/Lamine Cam 11 0.537 D 107.34 B 10277.52 D 59.36 D 8.78 D
SO/Masif Mese 11 0.610 B 106.05 C 10742.73 B 67.17 B 10.16 B
SP/Masif Cam 11 0.514 E 105.74 D 10087.10 E 56.06 E 7.95 E
Subset for a = 0.05, Means for groups in homogeneous subsets are displayed.
Alt Gruplar I¢in o= 0.05, Homojen alt gruplar igin grup ortalamalar1 esas alinmustir.
Lamine edilmis aga¢ malzemelerin bazi teknolojik Technological properties (air-dry density, bending

ozelliklerine (hava kurusu yogunluk, egilmede elastiklik
modiilii, egilme, basing direnci) iligkin grafikler Sekil 4, 5,
6, 7, 8’de verilmistir.

strength, modulus of elasticity in bending, compression
strength, shear strength) of laminated and solid wood
materials concerning diagrams were given on the Figures
4,5,6,7,8.
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Figure 7. Compression Strength (N mm?)
Sekil 7. Basing Direnci (N/mm?)

4. SONUCLAR VE TARTISMA

Yapilan laboratuar deneyleri ve bu deneylerden elde
edilen degerlerin istatistiksel analizleri sonunda, ara
katlarinda sarigam kullanilmis lamine sapsiz mese’nin
hava kurusu yogunlugu 0.568 g/cm®, egilme direnci
107.523 N/mm?, egilmede elastiklik modiilii 10656.998
N/mm?, basing direnci 66.359 N/mm?, makaslama direnci
9.935 N/mm? olarak bulunmustur.

Deneylerde islem g¢esidine gore; en yiiksek degerler tiim
deney tiirleri i¢in, lamine edilmis sapsiz mese’de en diisiik
degerler ise masif saricam’da elde edilmistir.

Lamine mese’nin teknolojik 6zellikleri masif mese’ye
gore; hava kurusu yogunluk degerinde % 4.5, egilme

Figure 8. Shear Strength (N mm™?)
Sekil 8. Makaslama Direnci (N/mm?)

4. DISCUSSIONS AND CONCLUSION

Technological properties of laminated oak-pine were
determined the air dry density 0.568 g/cm’, bending
strength  107.523 N/mm? modulus of the elasticity
10656.998 N/mm?>, compression strength 66.359 N/mm?,
shear strength 9.935 N/mm”.

Examination of overall results showed that laminated
oak samples showed was the best properties, however, it
was found the lowest value in the solid pine.

Technological properties of laminated oak were higher
than that of solid wood samples (air-dry density value 4.5
%, bending strength 2.8 %, modulus of elasticity in
bending 2.2 %, compression strength 4.4 %, shear strength
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direncinde % 2.8, elastiklik modiiliinde % 2.2, basing
direncinde % 4.4, makaslama ise % 11 oraninda daha
yiiksek ¢ikmigtir. Ayni sekilde lamine ¢am’in bazi fiziksel
ve mekanik Ozellikleri masif ¢cam’a gore; hava kurusu
yogunluk degerinde % 4.6, egilme direncinde % 1.9,
elastiklik modiiliinde % 1.8, basing direncinde % 5.3 ve
makaslama direncinde % 10 oraninda daha yiiksek
¢ikmigtir. Buradan, lamine edilmis aga¢ malzemelerin
teknolojik 6zellikleri, kendi tiiriinii temsil eden masif agag
malzemelere gore sapsiz mese’de ortalama % 4.98,
saricam’da ise ortalama % 4.72 daha yiiksek degerlere
sahip oldugu tespit edilmistir.

Lamine edilmis aga¢ malzemeler ile masif agag
malzemelerin fiziksel ve mekanik &zellikleri arasindaki
farkin nedeni laminasyonda kullanilan yapistiricinin
diizgiin lifli lameller arasinda odunun kohezyon kuvvetini
arttirict etki yapmasindan kaynaklanabilir (8).

Masif mese-cam kombinasyonu ile iiretilen lamine aga¢
malzeme orta yogunlukta aga¢ malzeme Ozelligi
gostermekle beraber, lamine katlarda farkli renkte agac
malzemelerden olusturuldugundan dolay1 estetik goriintii
de saglanmistir.

Desmodur-VTKA tutkali ile lamine edilmis mese-cam
kombinasyonu ile iiretilmis aga¢ malzemeler; ahsap
evlerin i¢ tasiyici elemanlarinda, merdiven, tavan, duvar
ve yer dosemelerinde, kapi, pencere, pervaz ve lambri
iretiminde, mobilyalarin mukavemet gerektiren iskelet
clemanlarinda, dekoratif amagl i¢ mekanlarda, masif
mobilya iiretiminde, spor ve miizik aletleri yapiminda,
makine ve techizat gibi agir yiiklerin ambalajlanmasinda
kullanilabilir.
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