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ABSTRACT

This study was conducted to determine some technological properties of the
laminated wood materials; beech (Fagus oriantalis Lipsky), oak (Quercus petraea
Liebl.), maple (Acer platanoides L.), elm (Ulmus glabra Hud.), walnut (Juglans
nigra L.) and ash wood (Fraxinus excelsoir Lipsky), made up with the poplar
wood (Populus nigra Lipsky) which was used in the middle layer of the
lamination forms. For this aim, the laminated wood materials were prepared in the
form of five layers from beech, oak, maple, elm, walnut, ash and poplar woods,
glued by Desmodur-VTKA adhesive. Thereafter each sample was tested for
observation of density (TS 2472), bending strengths (TS 2474), modulus of
elasticity in bending (TS 2478), compression strengths (TS 2595), bursting
(ASTM D 143). According to the experimental findings, it has been found that the
highest density value in ash-poplar combination (0,552g cm™) and the lowest in
walnut-poplar combination (0,498¢ cm™), the highest bending strength in ash-
poplar combination (97,77N mm™) and lowest in walnut-poplar combination
(86,63N mm™), the highest the modulus of elasticity and compression strength on
beech-poplar combination; modulus of elasticity 9157,47N mm™, compression
strength (61,64N mm™) and lowest values on walnut-poplar combination; modulus
of elasticity 8281,19 N mm™, compression strength 50,10N mm?, the highest
bursting strength in beech-poplar combination (0,586N mm™) and the lowest value
in walnut-poplar (0,481N mm™). Accordingly, the technological properties of
walnut-poplar combination were found to be lower than other combinations. As
the highest values were observed in beech-poplar and ash-poplar combinations
beech-poplar and ash-poplar laminations could be suggested for usage that
requires the higher properties
Key Words: Technological properties, lamination, wood materials, D-VTKA
adhesive

ORTA KATMANLARDA KAVAK KULLANILMIS (5 Kath) FARKLI
AGAC MALZEME LAMINASYONLARININ BAZI TEKNOLOJiK OZELLIiKLERININ

KARSILASTIRILMASI
OZET

Bu calisma, orta katmanlarinda kavak (Populus nigra L.) kullanilmis kayin
(Fagus oriantalis L.), mese (Quercus petraea Liebl.), akcaagac (Acer platanoides
L.), karaagag¢ (Ulmus glabra Hud.), ceviz (Juglans nigra L.) ve disbudak (Fraxinus
excelsoir L.) laminasyon diizenlemelerinin baz1 teknolojik 6zelliklerini belirlemek
amaciyla yapilmistir. Bu amagcla kavak, kayin, mese, akcaagag, karaagag, ceviz ve
digbudak kaplamalarindan Desmodur-VTKA ile 5 katmanli olarak hazirlanan
lamine aga¢ malzemelerde TS 2472, TS 2474, TS 2478, TS 2595, ASTM D 143
esaslarina gore, hava kurusu yogunluk, egilme direnci, egilmede elastiklik modiil,
basing ve yarilma direnci degerleri belirlenmistir. Elde edilen sonuglara gére; hava
kurusu yogunluk en yitksek digbudakta (0,552 g/em’), en diisik cevizde (0,498
g/em®), egilme direnci en yiiksek disbudakta (97,77 N/mm?), en diisik cevizde
(86,63 N/mm?), egilmede elastikiyet modiilii en yiiksek kayinda (9157,47 N/mm?),
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en diisiik cevizde (8281,19 N/mm?), basing direnci en yiiksek kaymda (61,64
N/mm?), en diisiik cevizde (50,10 N/mm?), yarilma direnci en yiiksek kaymda
(0,586 N/mmz), en disiik cevizde (0,481 N/mm?) gerceklesmistir. Buna gore
ceviz-kavak kombinasyonu teknolojik Ozellikler bakimindan digerlerinden daha

diisik bulunmusgtur.

En yiksek degerler kaym-kavak ve disbudak-kavak

kombinasyonlarinda elde edildigi igin teknolojik &zelliklerin yiiksek olmasi istenen

kullamim  alanlarinda
kullanilmasi 6nerilebilir

kayin-kavak ve

disbudak-kayin  laminasyonlarinin

Anahtar Kelimeler : Teknolojik 6zellikler, laminasyon, aga¢ malzeme, D-VTKA

tutkali

1. GiRIS

Agacisleri endistrisinde her gegen giin daha yaygin
kullanim alani bulan lamine aga¢ malzeme, TS EN 386’ya
(1) gore; ahsap kaplamalarin &zellikle lifleri birbirine
paralel olarak yapistirilmasiyla elde edilen yapi elemani
olarak tanimlanmaktadir. Lamine elemani olusturan katlar
arasindaki rutubet farki TS EN 386 ve DIN 68140’a (2)
gore % 4’1 agmamalidir. Aksi halde, farkli ¢caligma sartlari
sonucu olugan gerilmeler liflere dik yondeki g¢ekme
direncini asarak ¢atlamalara sebep olabilir.

Lamine masif aga¢ malzemelerde bigim degismelerinin
olusmamasi i¢in lamine katlarin diizenlenmesinde, yillik
halkalarin konumuna dikkat etmek gerekmektedir. Bunun
sebebi aga¢c malzemenin yillik halkalara teget ve radyal
yonlerde farkli ¢alismasidir. Bilindigi gibi, aga¢ 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 isleminde kullanilan odunun yapisi, yilizey
pliriizliliigl, pres basinci, presleme siiresi ve kullanilan
tutkalin teknik ozellikleri odunun yapigma mukavemeti
tizerine etkili olmaktadir. Farkli agag tiirlerinin ayni anda
preslenmesi halinde pres basinct yumusak oduna goére
belirlenir. Dilik (4) tarafindan yapilan arastirma
sonuglarina goére, pres basinglarinin yumusak agaclarda
0,6-1 N/mm?, sert agaclarda ise 0,2-1,6 N/mm? arasinda
olmasi gerektigini gostermistir.

Diizgiin ylizeyli pargalarin yapistirilmasinda yeterli
basing uygulandiginda, tutkalin bir yiizeyden diger yiizeye
transferi yeknesak olmakta ve yapigsma 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 kalimligindaki Dogu kaymm (Fagus
orientalis Lipsky) kaplamalarindan Politiretan tutkal ile
lamine edilen aga¢ malzemelerin direng degerlerinin,
PVAc tutkali ile lamine edilenlerden daha yiiksek
oldugunu bildirmistir (6).

5 mm kalinhigindaki sedir (Cedrus libani A. Rich),
saricam (Pinus sylvestris L.), kayin (Fagus orientalis L.)
ve mese (Quercus petrea L.) kaplamalarindan, PVAc-D4
tutkali ile 4 katmanli olarak lamine edilmis agac
malzemelerin teknolojik 6zelliklerinin, bu agac tiirlerini
temsil eden masif aga¢ malzemelere gore daha {istiin
olduklar1 belirlenmistir (7).

4 mm kalinhgindaki karacam (Pinus nigra var. P.)
kaplamalardan, Ure-formaldehid (Politire-8755) tutkali ile
5 katmanli olarak lamine edilmis karacam agag

1. INTRODUCTION

The laminated wood material can be defined as a
structural member that was made of wood fabricated from
laminations of timber glued parallel to the longitudinal
axis (1). The moisture content should be uniform between
laminations. According to TS EN 386 and DIN 68140 (2),
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

€)2

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 press
pressure should be 0.6-1 N mm? softwoods and 0.2-1.6
Nmm™ in hardwoods in the lamination process.

The effects of physical and mechanical properties of
wood, pressing time, amount and adhesive properties on
the bending 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, have more superior
values than the 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 four layers have more superior values than the solid
wood materials which were representing their kinds (7).

Wood materials of the black pine wood (Pinus nigra
var. Pallasiana) veneer (thickness is 4 mm), laminated
with Urea-formaldehyde (Polyure-8755) adhesive as five
layers. It can be used as the furniture and building
materials (8).

Laminated Veneer Lumber (LVL) has more superior
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malzemelerin mobilyalarin mukavemet gerektiren iskelet
elemanlarinda ve yapt elemant olarak kullanilmasi
Onerilmistir (8).

Masif aga¢ malzemeye gore estetik, ekonomik ve
teknik ozellikleri bakimindan daha {istiin olan lamine agag
malzemelerin LVL mobilya iiretiminde 6zellikle dolap,
masa, sandalye, raf ve dosemeli mobilyalarin mukavemet
gerektiren iskelet elemanlarinda tercih edilmesi gerektigi
bildirilmistir (9). Ayrica bu malzemeler, yapt elemani
olarak kolon ve kiriglerde kullanilmaktadir (10).

4 mm kalmligindaki Dogu kayin (Fagus orientalis L.)
ve kavak (Populus nigra Lipsky) kaplamalardan, PVAc-
Dy tipi tutkal ile bes katmanli (3 kat kaym, 2 kat kavak)
olarak hazirlanan lamine masif aga¢c malzemelerin hava
kurusu yogunlugu 0.571 g/em’, egilme direnci 98.66
N/mm?, elastiklik modiilii 9020.24N/mm’, basing direnci
54.49 N/mm?, makaslama direnci 9.11 N/mm?, yarilma
direnci 0.540 N/mm’ olarak bulunmus ve bu sonuglara
gore; kaym ve kavak kombinasyonu ile iiretilmis lamine
agac malzemelerin mobilya malzemesi olarak kullanilmasi
onerilmistir (11).

Bu galisma ile orta katmanlarinda kavak kullanilmasi
kosulu ile, 4 mm kalinhgmdaki kayin, mese, akc¢aagag,
karaagag, ceviz ve disbudak kaplamalarindan Desmodur-
VTKA tutkali ile 5 katmanli olusturulan lamine agac
malzemelerin bazi teknolojik 6zelliklerinin belirlenmesi
amaclanmigtir. Elde edilen sonuglarin  teknolojik
uygulamalara ne gibi yansimalarinin olabilecegi tartisilmig
ve bazi kullanim alanlari i¢in 6nerilerde bulunulmustur.

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, thickness of
veneer is 4 mm, from beech (Fagus orientalis Lipsky) and
poplar wood (Populus nigra L.) glued by PVAc-D,
(Polyvinylasetate) adhesive. Consequently, the air-dry
density of 0.571g cm™, bending strength of 98.66 N mm~,
modulus of the elasticity of 9020.24N 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).

This study was conducted to determine the effects of
poplar (Populus nigra L.) usage in the middle layer on
some technological properties of various lamination forms
by beech (Fagus oriantalis Lipsky), oak (Quercus petraea
Liebl.), maple (Acer platanoides Lipsky), elm (Ulmus
glabra Hud.), walnut (Juglans nigra L.) and ash (Fraxinus
excelsoir Lipsky). For this aim, the lamination was
designed in the five layers, glued by Desmodur-VTKA
adhesive. As well, it was aimed to ascertain and determine
the best of using places by some of the technological
properties of laminated wood materials.

2. MATERYAL VE METOD
2.1.1. Aga¢ Malzeme
Ulkemiz agacisleri endiistrisinde yaygmn olarak

kullanilmas: nedeniyle kavak (Populus nigra L.), Dogu
kayin (Fagus oriantalis L.), mese (Quercus petraea
Liebl.), akcaagag¢ (Acer platanoides L.), karaaga¢ (Ulmus
glabra Hud.), ceviz (Juglans nigra L.) ve disbudak
(Fraxinus excelsoir L.) odunlar1 deney materyali olarak
secilmisgtir. Aga¢c malzemeler, Ankara’daki kereste
isletmelerinden tamamen tesadiifi metotla temin edilmis
ve seciminde kerestenin kusursuz olmasina, liflerinin
diizgiin, ardaksiz, reaksiyon odunu bulunmayan, mantar
ve bocek zararlarina ugramamis olmasmna 6zen
gosterilmistir.

Masif aga¢ malzemelerden 70x780 mm O6lgiilerinde
kesilen 4 mm kaliliktaki kaplamalar istiflendikten sonra,
iklimlendirme odasinda 20 #2 °C sicaklik ve % 65 5
bagil nem sartlarinda % 12 rutubete ulasincaya kadar
bekletilmislerdir.

2.1.2. Tutkal

Arastirmada, yapistirict olarak Desmodur-VTKA
(Polisan) tipi tutkali kullanilmistir. Desmodur-VTKA
tutkali ¢oziicii igermeyen, tek kompenantli poliiiretan
esasli ve nem kiirlemeli bir yapistiricidir. Kullanilan
tutkal, suya, rutubete ve soguga karsi dayanikli olup,
yogunlugu 20 °C 1,11£0,02 g/em®, 25 °C de viskozitesi
3300-4000 cps, pH derecesi 7, kullanim miktar1 150-200
g/m’, uygulama sekli firga yada silindirli siirme makinesi,

2. MATERIALS AND METHODS
2.1.1. Wood Material

The lumber species were poplar (Populus nigra L.),
beech (Fagus oriantalis L.), oak (Quercus petraea Liebl.),
maple (Acer platanoides L.), elm (Ulmus glabra Hud.),
walnut (Juglans nigra L.) and ash (Fraxinus excelsoir L.)
that are being used widely in the forest products industry
in TURKEY. The Lumbers were chosen randomly from
timber merchants of Ankara - 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.

The dimensions of each veneer were 4x70x780 mm.
They were conditioned in relative humidity of 655 % and
2042 C° temperature until they reached the equilibrium
moisture content of 12 %.

2.1.2. 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. This adhesive 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 1.140,02
g cm” 20 C°, viscosity is 3300-4000 cps 25 C°, pH is 7,
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sertlesme siiresi 20 °C sicaklik ve %65 bagil nemde 30
dakikadir. Yapistirilacak yiizeyler temiz, tozsuz ve yagsiz
olmali ve tutkalin sertlesme hizimi arttirmak i¢in kuru
ylizeyler hafifce nemlendirildikten sonra tutkal dogrudan
dogruya emiciligi yiiksek alana siiriilmelidir (12).

2.1.3. Deney orneklerinin hazirlanmasi

Laminasyon islemi, TS EN 386 esaslarina uyularak,
hava kurusu haldeki 4 mm kalinligindaki kaplamalardan
20x70x780 mm boyutlarinda ve ara katmanlarda kavak
kullanilarak 5 katmanli olarak iiretilmis olup Ornege ait
kesit Sekill’de gosterilmistir.

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 (12).

2.1.3. Preparation of test samples

Laminated samples were produced from air-dry
veneers (thickness 4 mm) according to TS EN 386. The
beech, oak, maple, elm, walnut and ash veneers were
laminated with poplar veneer. The samples consisted of 5
layers and the overall dimensions of the samples were
780x70x20 mm (Figure 1).

Poplar/ Kavak

Poplar/ Kavak

SN
ALHHITHIITIINI
27

Test Material/
Test Malzemesi

Test Material/
Test Malzemesi

Test Material/
Test Malzemesi

Figure 1. Test sample (layer thichness is 4 mm)
Sekil 1. Deney 6rnegi (her bir lamel kalinlig1 4 mm dir.)

Uretici firma onerileri dikkate alinarak tutkal ¢ozeltisi,
yiizeylerden sadece birisine firga ile ve yaklagik 180 gr/m’
hesabiyla siiriilmistiir. Tutkal c¢ozeltisinin baglangigtaki
agirlig ile tutkallama isleminden sonraki agirlig: tartilmis
ve kullanilan tutkal miktar1 (firgada kalan miktar hesaba
katilarak) tutkallanan toplam yiizeye boliinmiistir.

Yapistirma isleminde; ylizeyler tutkallanip 5 dakika
bekletildikten sonra 0,9 N/mm? pres basimncr ile 20 °C pres
sicakligl altinda 30 dakika preslenmistir. Laminasyon
islemi, sicak ve soguk preslemeye uygun basing gostergeli
hidrolik kaplama presinde yapilmistir. 20x70x780 mm
Olgiilerinde hazirlanmig lamine aga¢ malzemelerin bir
kenarlar1 planya edildikten sonra yiiksek devirli daire
testere makinesinde ve standartlarda belirtilen Olgiilerde
toplam 360 adet deney 6rnegi hazirlanmustir.

2.1.4. Deney metodu

Hava kurusu yogunluk tayininde TS 2472 (13)
esaslarina  uyulmustur. Buna gore; 20x30x30 mm
olgiilerinde hazirlanan érnekler 20 +2 °C sicakhik ve % 65
15 bagil nem sartlarinda iklim odasinda degismez agirliga
ulagincaya kadar bekletilmistir. Bu durumda 6rneklerin
elektronik  terazide agirliklari, mikrometreli kumpasla
boyutlar1 belirlendikten sonra hacimleri hesaplanarak,
hava kurusu yogunluklar (3,,);

The Adhesive spreading rate was approximately 180 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 0.9 N.mm™. Pres temperature was 20 C’ and pres
time was 30 minutes. Lamination process was done with
hydraulic veneer press machine, appropriate process of hot
and cold press. The test samples, dimensions of
20x70x780 mm were prepared the numbers of 360,
according to TS and ASTM standards.

2.1.4. Test methods

Air-dry density was determined in accordance with TS
2472 (13). 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.

M
S, =—"g/em’ (1

12

esitliginden hesaplanmigtir.

Egilme direnci ve elastiklik modiilii belirlenmesinde
kullanilan 6rnekler TS EN 326 (14)’e gore hazirlanmistir.
TS 2474 (15)’e gore egilme direnci, TS 2478 (16)’e gore
egilmede elastiklik modiili denemeleri yiiriitiilmistiir

The test samples of bending strength and elasticity
modulus in bending were prepared according to TS EN
326 standard (14). The experiments were done bending
strength according to TS 2474 standard (15), modulus of
elasticity in bending according to TS 2478 (16) standard
(Figure 2). The test samples were prepared 20x20x360
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(Sekil 2). Bu standartlar dikkate alinarak her iki deney
grubu i¢in Ornekler 20x20x360 mm boyutlarinda
hazirlanmugtir.

mm dimensions for each two them.

Fm ax

30 150

915

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

Sekil 2. Egilme direnci ve egilmede elastiklik modiilii deney diizenegi

Deneyler bilgisayar kontrollii 1000 kp kapasiteli
Universal Test Makinesinde yapilmigtir. Kirilma anidaki
maksimum kuvvet (F,,.,) i¢in egilme direnci (c.);

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.

o = SEmax L (\y) 2]

¢ 2bh*

esitliginden hesaplanmistir. Burada, L; dayanak noktalari
arasindaki agiklik (mm), b; 6rnegin genisligi (mm), h;
ornegin kalinlig1 (mm) dir.

Elastiklik ~ modiiliinlin ~ belirlenmesinde  egilme
direncinde kullanilan deney Ornekleri kullanilmistir.
Elastik deformasyon bolgesinde uygulanan kuvvet farki
(AF) igin drnekteki egilme miktarlart farki (Af) yardimu ile
elastiklik modiilii (E),

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.

_ AL (ymm?) 3]
4b.h° Af

esitliinden  hesaplanmigtir.  Burada, AF; elastik
deformasyon bdlgesinde yiiklemenin alt ve iist limitlerinin
aritmetik ortalamalar1 arasindaki farka esit kuvvet (N), L;
dayanak noktalar1 arasindaki agiklik (mm), Af; net egilme
alanindaki sehim, yiiklemenin alt ve st limitlerinde
Ol¢iilen sehimlere ait sonuglarin aritmetik ortalamalar
arasindaki fark (mm), b; deney pargasinin en kesit
genisligi (mm), h; en kesit kalinlig1 (mm) dir.

Liflere ve tutkal hattina paralel basmng direnci
deneylerinde TS 2595 (17) esaslarma uyulmustur. Bu
maksatla, 20x20x30 mm boyutlarinda 72 adet deney
ornegi  hazirlanmigtir. Deneylerden Once, kuvvetin
uygulandigi enine kesit alani (A) 6l¢iiliip kirilma anindaki
maksimum kuvvet (Fmax) belirlenerek basing direngleri

(ov);

Where, AF is the applied force per unit area (N), L; is
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) and h is
the sample thickness (mm).

Parallel to the fiber and glue line compression strength
tests were conducted according to TS 2595 (17). For this
purpose, test samples were prepared dimensions 20x20x30
mm and numbers 72 test samples. Compression strength
test was conducted universal testing machine, capacity of
4000 kp. Compression strength values were calculated by
the following equations.
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O, =

—% (N mm?) [4]

esitliginden hesaplanmustir.

Liflere ve tutkal hattina dik yarilma deneyi ASTM D
143 (18) esaslarina gore yapilmistir (Sekil 3).

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

Perpendicular to the fiber and glue line bursting
strength tests were conducted according to ASTM D 143
(18), (Figiire 3).

20
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Figure 3. Bursting strength test sample (size is mm)
Sekil 3. Yarilma direnci deney 6rnegi (6l¢iiler mm)

Denemeler bilgisayar kontrolli 1000 kp kapasiteli
Universal Test Makinesinde yapilmigtir. Kopma aninda
makine kadranindan okunan maksimum kuvvet (Fmax)
i¢in ¢ekme yarilma direnci (o,);

Bursting strength test was conducted universal testing
machine, capacity of 1000 kp. The test values were
calculated by the following equations.

_ Fmax N/mm? [5]
¢ hb

esitliginden hesaplanmistir. Burada, 4, yapisma yiizeyi
uzunlugu (mm), b, yapigma yiizeyi genisligi (mm) dir.

2.1.5. Verilerin Degerlendirilmesi

Lamine aga¢ malzemelerin teknolojik o&zellikleri
aralarindaki ~ farki  belirlemek  Varyans  Analizi
kullanilmistir.  Gruplar arasindaki farkliligimn  6nemli
¢itkmasi halinde (0=0,05) giiven diizeyinde Duncan Testi
ile karsilastirilmigtir. Varyans analizi (ANOVA), aritmetik
ortalama, standart sapma, minimum ve maksimum
degerlerin hesaplanmasinda SPSS 10.1 for Windows

programi kullanilmistir.

3. BULGULAR

Orta katmanlarda kara kavak kullanilarak lamine
edilmis kayin, mese, akgaagac, karaagag, ceviz ve
disbudak aga¢ malzemelerin bazi teknolojik 6zelliklerine
ait istatistiksel degerler Tablo 1°de ayrintili olarak
verilmigtir. Tablo 1’e gore lamine edilmis agac
malzemelerin  teknolojik  ozellikleri  kendi  orijinal
degerlerinden daha diisiik bulunmustur. Bu durum ara
katlarda kullanillan diisiik yogunluktaki kara kavak
odunundan kaynaklanmis olabilir.

Where, F,x is maximum load, h is glue surface tallness
of the sample (mm), b is glue surface wideness of the
sample (mm).

2.1.5. Statistical Evaluation

The Comparison of some technological properties of
laminated beech, oak, maple, elm, walnut and ash wood
samples which was centered with poplar, 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. Statistical values, which are ANOVA,
Mean, Deviation of Standard, Varyans, Minimum,
Maximum values were calculated by the SPSS 10.1
computer program.

3. RESULTS

Technological properties of laminated beech, oak,
maple, elm, walnut and ash, which were used poplar in the
middle layer on them and descriptive statistical values of
tested technological properties of samples were given in
Table 1. According to Table 1, Technological properties
of laminated wood materials have lower values than the
solid wood materials, which were representing their kinds.
This the low values may result from poplar wood which
has lower density value than beech, oak, maple, elm,
walnut and ash wood density values.
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Table 1. Descriptive statistical values of technological properties
Tablo 1. Lamine aga¢ malzemelerde bazi teknolojik ozelliklere ait veriler
Air-Dry Bending Modulus of Compression Bursting
LAMINATED STATISTICAL Density Strength Elasticity Strength Strength
MATERIALS/ _ VALUES/ gem? | ANmm? /| AN mm?) / (/N mm)/ AN mm?)/
LAMINE IST@TISTIK Hava K. Egilme Elastiklik Basing Yarilma
MALZEME DEGERLER Yogunluk Direnci Modiili Direnci Direnci
(g/em’) EN/mm?) | ENmm?) (/N/mm?) (-N/mm’)
X 0,533 95,496 9157,479 61,640 0,586
Ss 0,013 3,203 271,230 1,470 0,027
Beech/ v 0,00017 6,406 542,460 2,940 0,054
Kaymn Min. 0,519 90,470 8727,530 59,250 0,514
Mak. 0,557 99,250 9613,620 63,660 0,620
N 12 12 12 12 12
X 0,521 91,345 8557,516 53,261 0,521
Ss 0,017 1,711 352,965 2,144 0,039
Oak / v 0,0340 3,422 705,0320 4,288 0,0780
Mese Min. 0489 88,490 7999,98 48,590 0,455
Mak. 0,545 94,250 9193,69 56,680 0,592
N 12 12 12 12 12
X 0,518 88,124 8393,945 50,678 0,509
Ss 0,014 4,222 285,825 0,962 0,032
Mapple/ v 0,028 8,440 571,600 1,924 0,064
Akcaagag Min. 0,499 80,540 7909,080 49,200 0,467
Mak. 0,538 94,050 8893,630 52,370 0,597
N 12 12 12 12 12
X 0,537 90,095 8739,337 54,504 0,524
Ss 0,015 2,713 246,662 1,715 0,021
Elm/ v 0,029 5,426 493,32 3,430 0,042
Karaagac Min. 0,519 82,440 8234,570 51,370 0,485
Mak. 0,563 93,320 9024,290 56,810 0,563
N 12 12 12 12 12
X 0,498 86,635 8281,192 50,105 0,481
Ss 0,016 2,726 218,942 1,198 0,030
Walnut/ v 0,032 5,452 437,88 2,396 0,060
Ceviz Min. 0,472 79,950 7864,030 47,670 0,426
Mak. 0,518 90,270 8634,330 52,340 0,524
N 12 12 12 12 12
X 0,552 97,775 8909,117 56,3533 0,555
Ss 0,013 2,463 348,555 2,500 0,022
Ash/ v 0,026 4,926 697,1102 5,0000 0,0440
Disbudak Min. 0,525 93,830 8420,220 53,210 0,520
Mak. 0,579 100,590 9422,660 60,620 0,591
N 12 12 12 12 12
X : Aritmetik Ortalama, Ss : Standart Sapma, v : Varyans, Min : Minimum, Mak : Maksimum, N : Ornek Sayist
Kara kavak ile lamine edilmis aga¢ malzemelerde; hava Air-dry density and perpendicular to the fiber bending
kurusu yogunluk degeri ve liflere dik egilme direnci degeri strength value of laminated ash with poplar wood were
en yiiksek disbudakta, egilmede elastikiyet modiilii, basing found the best value in the laminated wood materials. On
direnci, ¢ekme direnci ise kaym aga¢ malzemede elde the other hand, modulus of elasticity in bending,
edilmistir. En  diisik degerler ise ceviz-kavak compression strength and bursting strength value of
laminasyonunda elde edilmistir (Tablo 2,3,4). laminated beech were found the best value in them.
However, the lowest values were found in the laminated
walnut-poplar combination (Table 2,3,4).
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Tablo 2. Sequences of laminated with poplar wood materials, according to technological properties values (from the highest value

towards the lowest value sequence)

Tablo 2. Kavak ile lamine edilmis aga¢ malzemelerin teknolojik degerlerine gore siralanmasi (en yiiksekten en aza gore)

Air-DryDensity / Bending Strength / Modulus of Elasticity | Compression Strength | Bursting Strength /
Hava K.Yogunluk Egilme Direnci / Elastiklik Modiilii /Basing Direnci Yarilma Direnci
gem® (J-N mm?) (J-N mm?) (/N mm™) (J-N mm?)

Ash / Disbudak Ash / Disbudak Beech / Kayn Beech / Kaym Beech / Kayn
Elm / Karaagag Beech / Kaymn Ash / Disbudak Ash / Digbudak Ash / Disbudak
Beech / Kayin Oak / Mese Elm / Karaagag Elm / Karaagag Elm / Karaagag
Oak / Mese Elm / Karaagag Oak / Mese Oak / Mese Oak / Mese
Maple / Akgaagag Maple / Akgaagag Maple / Akgaagag Maple / Akgaagag Maple / Akgaagag
Walnut / Ceviz Walnut / Ceviz Walnut / Ceviz Walnut / Ceviz Walnut / Ceviz

Dogu kayini, mese, akcaagag¢, karaagag, ceviz ve
disbudak odunlarin1 kara kavak ile lamine etmenin bazi
teknolojik ozelliklerine etkilerine iligkin varyans analiz
sonuglar1 Tablo 3 verilmistir.

The comparison between groups, laminated beech, oak,
maple, elm, ash and walnut wood materials technological
properties were dependent on the results of analyses using
analyses of variance (ANOVA). Analyses results were
given in the Table 3.

Table 3. The result of ANOVA

Tablo 3. Kara kavak ile lamine etmenin bazi agaglarin teknolojik 6zelliklerine etkilerine iliskin Varyans Analiz (ANOVA) Sonuglar1

Air-Dry Source/ Varyans Kaynagi KT SD KO F SIG*
DenKszty /{-Iava Between Groups/ Gruplar Aras1 | 0,02123 5 0,004246
urusu Within Groups/ Grup I¢i 0,01425 66 | 0,000215 19,667 0,000
Yogunluk 0,03548 71
gem? Total/ Toplam ’
Bending Source/ Varyans Kaynagi KT SD KO F SIG*
Sg?}gth/ Between Groups/ Gruplar Aras1 | 1108,703 5 221,741
D?’ me Within Groups/ Grup I¢i 570,673 66 | 8,647 25,645 0,000
L et [Total/ Toplam 1679,376 71
(=N mm™)
Modulus of | Source/ Varyans Kaynagi KT SD KO F SIG*
?;lsn.ckl;yk/ Between Groups/ Gruplar Aras1 | 6475453 5 1295090,60
A/;l(jcl}lulzlt Within Groups/ Grup I¢i 5611281 66 |3 15,233 0,000
12086734 71 | 85019,406
AN mm?) Total/ Toplam 5
Compression | Source/ Varyans Kaynagi KT SD KO F SIG*
Sgength/ Between Groups/ Gruplar Arast | 1294,474 5 258,895
D?Sm? Within Groups/ Grup ici 236,637 66 |3,585 72,208 0,000
'TeNCl I Total/ Toplam 1531,111 71
(/N mm™)
Bursting Source/ Varyans Kaynagi KT SD KO F SIG*
Strength/Cek [Between Groups/ Gruplar Arast | 0,08020 5 ]0,01604
me-yarima. \yiin Groups/ Grup lgi 0,05764 66 | 0,0008733 | 18,366 0,000
f’zrench Total/ Toplam 0,138 71
(=N mm™)

Kara kavak ile laminasyonun, hava kurusu yogunluk,
liflere ve tutkal hattina dik egilme direnci, egilmede
elastiklik modiilii, liflere ve tutkal hattina paralel basing
direnci, liflere ve tutkal hattina dik yarilma direncine

etkileri bakimindan agag¢ tirleri arasindaki farklilik
istatistiksel olarak Onemli bulunmustur (o 0,05).
Farkliligin hangi gruplar arasinda &nemli oldugunu

belirlemek amaciyla yapilan Duncan Testi sonuglar1 Tablo
4’te verilmistir.

Differences between groups were found to be
significant (a0 = 0,05), concerning; the air-dry density,
perpendicular to the fiber bending strength, modulus of
elasticity in bending, parallel to the fiber and glue line
compression strength, perpendicular to the fiber and glue
line bursting strength. Duncan test was used to determine
the difference between means at prescribed level of o =
0.05. The Duncan test results were given in the Table 4.
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Table 4. The Result of Duncan Test
Tablo 4. Duncan Testi Sonuglart

Air-Dry Bending Modulus of Compression Bursting
Density / Hava Strength / Elasticity / Strength / Strength /
Wood Species / N Kurusu Egilme Elastiklik Basing Cekme-yar.
Agag Tiirii Yogunluk Direnci Modiilii Direnci Direnci
(g cm™) AN mm?) AN mm?) (/N mm’>) AN mm)
X HG X HG X HG X HG X HG
Beech - Poplar / 12| 0537 c | 9549 | B 015747 | A | 6164 | A | 0585] a
Kayin - Kavak
Oak - Poplar / 2] 0533 | pE | 9134 | C 8557,51 p | 5326 | D 0521 | D
Mese - Kavak
Maple - Poplar / 12| o518 E | 8812 | EF | 839394 | EF | 5067 | EF | 0509 | E
Akgaagag - Kavak
Elm - Poplar / 2] o521 | BC | 9009 | D 8739,33 c | s450 | C 0,524 | CD
Karaagag - Kavak
Walnut - Poplar / 12| 0498 F | 8663 | F 8281,19 F | so10 | F 0480 | F
Ceviz - Kavak
Ash - Poplar / 12| 0552 A |97 | A 890917 | B | s610 | B 0555 | B
Disbudak - Kavak ’ ’ ’ ’ >

K: Kavak, HG : Homejenlik grubu

x : Mean, HG : Homogeneous groups, a. = 0.05, Means for groups in homogeneous subsets are displayed.

Kara kavak ile lamine edilmis aga¢ malzemelerde hava
kurusu yogunluk en yiiksek disbudak-kavak’ta (0,552
g/em®), en diisiik ceviz-kavak’ta (0,498g/cm’), liflere dik
yonde egilme direnci en yiiksek disbudak-kavak’ta (97,77
N/mm2), en disiik ceviz-kavak’ta (86,63 N/mrnz),
egilmede elastiklik modiili en yiikksek Dogu kayini-
kavak’ta (9157,48 N/mm?), en diisiik ceviz-kavak’ta
(8281,19 N/mm?), liflere paralel basing direnci en yiiksek
kaymn-kavak’ta (61,64 N/mm?), en diisiik ceviz-kavak’ta
(50,10 N/mm?), liflere ve tutkal hattina dik yarilma direnci
en yiiksek Dogu kaymi-kavak’ta (0,58 N/mm?), en diigiik
ceviz-kavak’ta (0,48 N/mm?) bulunmustur. Buna gére;
hava kurusu yogunluk, egilmede elastiklik modiild,
egilme, basing ve yarilma direnci bakimindan en yiiksek
degerler Dogu kaymi-kavak ve disbudak-kavak’ta elde
edilmistir. Aga¢ malzemelere gore elde edilen teknolojik
degerler Sekil 4, 5, 6, 7, 8’de gosterilmistir.

Laminated wood materials, with poplar wood, the
highest air-dry density value at laminated ash-poplar
(0,552 g cm™), the lowest value at walnut-poplar (0,498 g
em™ ) was found. Perpendicular to the fiber bending
strength the highest values at ash-poplar (97,77 N.mm-2),
the lowest value at walnut-poplar (86,63 N mm-2) were
found. Modulus of elasticity in bending the highest value
at beech-poplar (9157,48 N mm™), the lowest value at
walnut-poplar (8281,19 N mm™) was found. Parallel to the
fiber compression strength the highest value at beech-
poplar (61,64 N mm™), the lowest value at walnut-poplar
(50,1 N mm™) was found. Perpendicular to the fiber and
glue line bursting strength the highest value at beech-
poplar (0,58 N mm™), the lowest value at walnut-poplar
(0,48 N mm™) were found. According to the results, the
highest values air-dry density, bending strength, modulus
of elasticity in bending, compression strength and bursting
strength at beech-poplar and ash-poplar combination were
found. Technological values of laminated wood materials
were given on the figure 4, 5, 6, 7 and 8.

256 ;552
0,533 0,537 <~
2,54 e 0,521 0,518 [~
0,524
0,498

0,51
0,484
246 - - - - - -

Be?&iym' ﬁ@ﬁe

Figure 4. Air-Dry Density (g cm™)
Sekil 4. Hava Kurusu Yogunluk (g/cm®)
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Figure 5. Bending Strength (N mm?)
Sekil 5. Egilme Direnci (N/mm?)
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Figure 6. Modulus of Elasticity (N mm?)
Sekil 6. Egilmede Elastiklik Modiilii (N/mm?)
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Figure 7. Compression Strength (N mm)
Sekil 7. Basing Direnci (N/mm?)
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Figure 8. Bursting Strength (N mm?)
Sekil 8.Yarilma Direnci (N/mm?)
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4. SONUCLAR ve TARTISMA

Ulkemiz ormanlarinda yaygm olarak bulunan kara
kavak odununun farkli aga¢c malzemeler ile elde edilen
laminasyonun bazi teknolojik ozelliklerine ait degerler
kara kavak bakimindan yiiksek, diger agaclarda ise kendi
tiirlerine ait degerlerinden daha diisiik bulunmustur.
Nitekim, kavak odununun yogunlugu literatiirde 0,390
g/em® olarak bildirilmistir (19). Kara kavak ile lamine
edilmis aga¢c malzemelerin hava kurusu yogunluk
degerleri denemeye alinan masif agaglarin orjinal
degerlerinden % 10-12 daha diisiik bulunmustur. Bu
durum kara kavak odunu yogunlugunun daha diisiik
olmasindan ve lamine malzemeye katilim oraninin
yaklasik % 40 olmasindan kaynaklanabilir.

Kara kavak ile lamine edilmis aga¢ malzemelerde
egilme direnci en yiiksek disbudak ve Dogu kayinda, en
diisiik ceviz ve akgaagacta yaklasik olarak esit ¢ikmuistir.
Buna gore, egilme direncine maruz kalacak ve yiiksek
egilme direnci istenilen kullanim alanlarinda Dogu kayin
ve disbudak, estetik ve dekoratif amacgh kullanim
alanlarinda ceviz ve akgaagac odunlarindan elde edilmis
kara kavak lamine malzemelerin kullanimi avantaj
saglayabilir. Nitekim, lamine katlar1 farkli renkte
oldugundan estetik bir goriintii de saglanmustir.

Elastikiyet modiilii, yogunlugu disbudaktan diisiik
olmasina ragmen en yiiksek Dogu kayininda bulunmustur.
Bu durum disbudak odununun dagimik halkali traheli
Dogu kaym odununun dagmik traheli olmasindan
kaynaklanabilir. Biikerek veya egerek bigimlen-dirilecek
lamine aga¢ malzemelerde Dogu kayini odunu kullanimi
avantaj saglayabilir.

Basing ve yarilma direnci degeri en yiiksek kara kavak
ile lamine edilmis Dogu kayminda, en diisik lamine
cevizde elde edilmistir. Buna gore basing ve yarilma
direncine maruz kalacak kullanim yerlerinde lamine Dogu
kayini tercih edilebilir.

Agag malzemenin verimli kullanilabilmesi,
kusurlarindan arindirilmast ve egri formlu imalatlarda
liflerin diyagonalligt nedeniyle direng Ozelliklerinin
azalmamasi i¢in laminasyon teknigi kullanilmasi
Onerilebilir. Bununla Dbirlikte kiiciik boyutlu agag
malzemelerin kullanilmasindan dolay: fire orani 6nemli
6l¢lide azalmakta ve tirlin maliyeti diigmektedir.

Ulkemizde erisilmesi kolay ve ucuz olan kavak gibi
agac¢ malzemeleri kullanarak, genelde tek bir malzemenin /
tiriin  kullanilmasiyla yiiksek maliyetlerle elde edilen
lamine masif aga¢ malzemeleri daha ucuza iiretmek,
boyutsal stabiliteyi saglayarak kullanim omriinii uzatmak
ekonomik agidan 6nemli bir avantaj saglayabilir.

4. DISCUSSIONS AND CONCLUSION

Technological properties values of laminated wood
materials which was used poplar in the middle layer on
them, were found higher than technological values of solid
poplar wood material, but for the other woods, laminated
beech, oak, maple, elm, ash and walnut were found lower
values than the solid wood materials which were
representing their kinds. As a matter of fact, the density
value of poplar wood was given as a 0,390 g cm™ in
literature (19). Air-dry density values of laminated wood
materials which was used poplar in the middle layer on
them, were found lower (10-12 %) than technological
values of solid wood material which were representing
their kinds. This situation may result from solid poplar
wood have lower density value than the others and
participation ratio to laminated wood materials
approximately 40 %.

Bending strength values of laminated wood materials,
used poplar in the middle layer on, were found the highest
value at laminated ash-poplar and beech-poplar, in spite of
the lowest value laminated walnut-poplar and maple-
poplar. According to results, the laminated beech-poplar
and ash-poplar, exposed to bending strength at places, can
be used for structural and non-structural applications. The
laminated maple-poplar and walnut-poplar may also offer
excellent architectural effects and aesthetically pleasing
interiors. As a matter of fact, it was obtained good
architectural effects and aesthetically on laminated wood
materials with poplar wood.

Modulus elasticity in bending value was found the
highest at laminated ash, although its density was lower
than the laminated beech-poplar. This situation may result
from ash and beech wood materials’ cellular structure.
Laminated beech-poplar wood materials can be proposed
in using places, exposed to bending strength.

Compression and bursting strength values was found
the highest value at the laminated beech-poplar wood
materials and the lowest values at the walnut-poplar wood
materials. According to this, laminated beech-poplar wood
materials can be proposed in using places, exposed to
compression and bursting strength.

The lamination technique can be used to produce
variety of shapes (curved, tapered and ribbed) of wood
members to suit architectural and structural aims. Also,
small trees can be used for this purpose and it is possible
to eliminate strength reducing characteristics due to knots,
shakes or drying, because the lamination need not be thick
when seasoned before manufacturing. On the other hand,
knots can be removed or repaired. The properties can be
improved by using dried and small thickness of wood
without degrades.

By using lamination method, raw materials will be
used economically and reasonably; so the utilization of
timber is improved. This is a very important concept for
the future of Turkish Timber resources. Laminated
materials will be used more for constructional purposes in
the near future in Turkey. Using the lamination process
could expand the utilization of poplar wood.
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