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ABSTRACT: In this study, the effect of reinforcement type and glue type on the amount of
flexural deformation of reinforced bending LVLs was investigated. Within the scope of the
study, 2.2mm peeled poplar veneer and 1.5mm peeled alder veneer were used as wood
material. Glass fiber and basalt fabric (200g/m2) were used as reinforcement. Alder veneer
was used on the lower and upper surfaces, and poplar veneer was used on the middle layers.
Reinforcement material was applied to the convex surface of the bending LVL. A total of 7
different combinations of bending LVLs in the form of chair leg-armrest were produced.
Flexural test, tensile test and ANSYS analysis were performed on the produced LVLs.
According to the test results, it was determined that there was a decrease in flexural
deformation with the use of reinforcement. It was determined that the best results were
obtained with the use of glass fiber and epoxy. In addition, ANSYS results and real test
results were found to be similar.

Keywords: Bending laminated veneer lumber (LVL), ANSYS, epoxy, class fiber,
mechanical properties.

TUTKAL TURU VE GUCLENDIRICI TORUNUN BUKME LVL’NIN
EGILME DEFORMASYONU UZERINE ETKIiSi

OZET: Bu calismada gii¢lendirilmis bilkme LVL’lerin egilmede deformasyon miktari
uzerine gugclendirici ve tutkal tiiriiniin etkisi incelenmistir. Calisma kapsaminda ahsap
malzeme olarak 2,2mm soyma kavak kaplama, 1,5mm soyma kizilaga¢ kaplama
kullanilmigtir. Giiglendirici olarak cam elyafi ve bazalt kumas (200g/m?) kullanilmistir. Alt
ve lst yiizeyde kizilagac kaplamasi, orta tabakalarda kavak kaplama kullanilmistir.
Giiglendirici malzeme biikme LVL’nin digbiikey yiizeyine uygulanmistir. Toplam 7 farkli
kombinasyonda sandalye ayak-kolgak formunda biikkme LVL Gretimleri yapilmistir. Uretilen
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LVL’lere egilme testi, ¢gekme testi ve ANSYS programinda egilme testi yapilmistir. Test
sonuglarma gore gii¢clendirici kullanimi ile egilme deformasyonunda azalma oldugu tespit
edilmistir. En iyi sonucun cam elyafi ve epoksi kullanimi ile saglandig1 belirlenmistir. Ayrica
ANSYS sonuglari ile gergek test sonuglarinin benzer oldugu goriilmiistiir.

Anahtar kelimeler: Biikme tabakali kaplama kereste, ANSY'S, epoksi, cam elyafi, mekanik
ozellikler.

INTRODUCTION

Solid wood materials use in many areas from past to present. Wood material is used in the
construction of elements such as beams and columns in the building sector that requires
resistance, as well as in areas such as household goods, toys, hand tools. One of the most
important features of solid wood materials is that they can be bent and shaped.

Wood material has limited ability to bend in its natural state. In order to make the wood
material bendable, it is necessary to bring it to a certain flexibility. In order to provide this
flexibility, the wood material is plasticized. This process also prevents the material from
being damaged during the bending process. Wood material can be plasticized using
chemicals, microwave, pre-pressure and boiling in water (As and Blyiiksar1 2010; Hortag,
1988).

One of the most commonly used plasticization methods is steaming. It is accepted that the
optimum humidity level is 25% in steam bending of wood material (Wright, 2011). Wood is
treated with steam, making it softer and easier to bend around a mould. This is achieved by
treating the wood material with moisture and heat to the level where it is suitable for bending
(Hortag, 1988). Then the wood is transformed into the desired shape by using molds or
guides.

The use of solid wood material as a single piece in large and curved elements is not
economically and technically convenient. Because there are defects such as knots, cracks,
fiber irregularities in wood material and it is not possible to completely eliminate these
defects. The use of solid wood material as a single piece in the production of curved elements
is not economical as it increases the waste rate. In addition, since diagonal fiber is formed in
the wood material cut according to the curved form, it adversely affects its resistance.
Lamination technique is used to eliminate these problems (Karayilmaz et al., 2007).

Lamination is the process of combining at least two wood materials with their fibers parallel
to each other (Wagner and Kicklighter, 2000). With this method, bending materials can be
produced. Peeling or cutting veneers are brought to the appropriate dimensions and pressed in
the mold to take the desired shape after being glued (Hammond and Donnelly, 1966). This
method also allows the use of veneers obtained from low quality woods and large-scale wood
material production can be realized (Karayilmaz et al. 2007).

With the lamination method, materials with smaller radius can be produced compared to solid
wood. The bending radius varies depending on the veneer thickness. The preference of
coatings with high bending properties allows the use of thick coatings in lamination. Thus, it
provides the opportunity to produce the same thickness material with less layers and glue (As
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and Biiyiiksar1, 2010). Furniture, sports equipment, structural elements and many products are
made with the lamination method (Wagner and Kicklighter, 2000).

One of the most important lamination products is laminated veneer lumber (LVL). Laminated
veneer lumber (LVL), a timber-like product, is an engineered wood material usually obtained
by bonding rotary-peeled veneers with their fibers aligned in the same direction. Compared to
LVL solid wood, more efficient use of wood, better strength, better dimensional stability and
better workability performance can provide. LVL is used as floor beam, main beam, pillar,
column and panel in building construction (Nelson, 1997). In addition, some furniture
factories produce especially for the purpose of obtaining bent furniture pieces (Dalli, 2005).

Since the veneers that make up LVL are thin, the force required for them to bend is lower
than that of solid wood. It is easier to produce in the desired thickness. Mechanical and
physical properties can be increased with different glues and reinforcement materials. In
addition, some computer programs are used to detect the deformations that will occur at the
place of use of such engineered wood materials. Finite element method (ANSYS) is one of
them. These computer programs determine how large and costly materials will perform at the
place of use. Thus, unnecessary production and costs are avoided by predetermining the most
suitable material properties for the place of use.

The aim of this study is to examine the effect of reinforcement type and glue type on the
amount of flexural deformation of reinforced bending LVLs in the form of chair leg-armrest.
In addition, the bending performances of the produced sample groups were examined in the
ANSYS program and compared with the real test results.

MATERIALS AND METHODS

Materials

Bending LVLs have been produced to be used as chair leg-armrest in the furniture industry.
The bending LVL produced is given in Figure 1. In the production of LVL, rotary-peeled
veneer of 1700 x 65mm, 1.5mm thick alder (Alnus glutinosa) and 2.2mm thick poplar
(Populus nigra) were used at a moisture content of 6-8%. The veneers were purchased from
the Petek Plywood factory in Gaziantep. Nine-layer LVLs were produced with outer layers of
alder wood and middle layers of poplar veneers. Reinforcement materials were adhered to the
outer surface of the bending LVLs. Control groups were produced using urea formaldehyde,
phenol formaldehyde and epoxy. Urea formaldehyde glue was used for bonding wooden
veneers, epoxy and phenol formaldehyde glue was used for bonding reinforcement materials
in the examples using the reinforcement. A total of seven different groups were produced.
The production combination is given in Table 4. UF was provided from Adana Kastamonu
Integrated Factory (Table 1). Ammonium chloride as a hardener 1.5% was used according to
the dry glue amount. For the production of LVL, 200 gr/m2 of glue was applied to each glue
line (ASTM D899, 1994). Phenol formaldehyde (FF) resin Polifen 47 (Polisan, Turkey),
epoxy (E) resin LR300/LH300 (Dostkimya, Turkey) were used as adhesives (Table 1). Glass
fiber and basalt woven fabrics with a density of 200gr/m? were used as reinforcement
material. Reinforcement materials were cut in 1700 x 65mm dimensions. 200gr/m? glue was
used for bonding the reinforcement material (Figure 2).
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Table 1. Properties of Urea Formaldehyde, Phenol Formaldehyde and Epoxy

Urea Formaldehyde Phenol Formaldehyde Epoxy
Properties Values Values Values
Appearance Transparent red brown liquid Transparent
Solids content (%) 65,21+2 47+1 -
Density (20 °C) gr/cm® 1,275 1.2-1.21 1.04
Viscosity (20°C) cP 236,7 250-500 (cp) -
Flow time (20°C, FC4) sec. 74 50-90 -
pH (20°C) 8,38 10.5-13 -
Free formaldehyde (%) 0,23 max. 1.0 -
Gel time (100°C) sec. 32 10-20 min -
Gel time (20-25 °C) - - 40min
Gel time (40-45 °C) - - 20-30min
Storage time (20°C) day 30 - -

Figure 2. Glass fiber (a) and basalt (b)
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Bending Laminated Veneer Lumber Production

Steam cabin and bending press were designed for the production of the bending LVL. Steam
cabin and bending press were given in Figure 3. Bending test sample is given in Figure 4. In
production, 110 °C temperature, 7 kg/cm2 pressure and 1 mm/min time were applied. The
production combination is given in Table 2. In bending LVL production, after the veneers
were cut, they were kept in the steaming cabinet for 1 hour and compressed in the form press
and kept for 1 day. Then, the veneers were kept until the ambient equilibrium humidity was
reached. Bended veneers were glued according to the combinations determined in the
production recipe and produced in a bending press. The edges and ends of the samples
coming out of the press were cut with a circular saw. Bending LVL test example is given in
Figure 1.

(b)
Figure 3. Steam cabin (a) and bending press (b)

Table 2. Production Combination

Sample Glue Type Glue Type Reinforcement Place of use Reinforcement
Code (LVL) (Reinforcement) Type Materials
Convex Surface

UF UF
FF FF
E E
HFC UF FF Glass Fiber X
HFB UF FF Basalt X
HEC UF Epoxy Glass Fiber X
HEB UF Epoxy Basalt X

The test samples produced were tested in a Zwick Roell 10 kN test device with 20%
deformation (bending) within elastic limits (Figure 5). Deformation amounts under 150N
load were found. The experimental speed was set at 200 mm/min.

Samples to be used in the tensile strength test were cut from the produced bending LVL. In
determining the tensile strength, the principles specified in ASTM D3500-20 standards were
followed. According to this standard; the test pieces were prepared as 40.64 cm in fiber
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direction. The test sample and technical drawing are given in Figure 6. When the test piece
was placed, the distance between the pulling jaws was set to 27.24 cm. The test speed was
adjusted so that the samples were broken within 3-10 minutes.

'i—‘]Smm

Figure 4. Bending test sample

A tensile strength test was performed to determine the tensile strength value of wood veneers
and reinforcement materials. Alder veneer, poplar veneer, fiberglass and basalt were cut in
160 x 20 mm dimensions. The test speed was set to 2mm/min. The test samples produced
were tested in a Zwick Roell 10 kN test device.

For ANSYS tests of chair leg-armrest shaped samples, firstly, three-dimensional drawings of
the samples were drawn in Autocad program. Young's modulus, Poisson's ratio and density
values of the samples were entered into the ANSYS program. “Isotropic elasticity” was
chosen because unidirectional force was applied. Poisson's ratio was entered as 0.3. The
future of the load and fixed points are entered on the model. Meshing is done. Then the
problem was solved and the results were obtained.

Figure 5. Test image of chair leg-armrest samples
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Figure 6. The test sample (a) and technical drawing (b)

The obtained data as a result of the tests were analyzed using one-way ANOVA for
mechanical properties (p=0,05) from SPSS program. Beside significant differences between
groups were determined by Duncan’s Multiple range Test (a=0,05).

RESULTS AND DISCUSSION

Simple analysis of variance was performed to determine the effect of adhesive type and
reinforcement type on the amount of flexural deformation of the produced bending LVLs,
and the results are given in Table 3. The Duncan test results, which were performed to
compare the means of variance sources and to determine the homogeneity groups, are given
in Table 4.

Table 3. Simple analysis of variance results on the effect of adhesive type and reinforcement
type on the amount of flexural deformation of the produced bending LVLs.

Variables Sum of Degrees of Mean F significance
Squares Freedom Squares level
Between groups 1020,30 6 170,05 45,989 0,000
Within groups 103,53 28 3,70
Total 1123,84 34
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Table 4. Duncan Test Results for amount of flexural deformation(p<0,05)

Sample Code N Amount of Deformation (mm)
UF 5 130,50 b

FF 5 125,95¢

E 5 133,21 a

HFC 5 120,21 d,e

HFB 5 121,39d

HEC 5 117,86 e

HEB 5 120,18 d,e

According to the test results, the lowest deformation amount was found in the HEC (117.86
mm) group, and the highest deformation amount was found in the E group (133.21 mm).
With the use of reinforcement, the amount of deformation decreased. The deformation
amount of the reinforced samples was lower than the control groups. Although the
deformation amount of the samples using the reinforcement gave similar values, glass fiber
gave better results than basalt and epoxy gave better results than phenol formaldehyde. The
bar graph showing the amount of the average flexural deformation of the samples is given in
Figure 7. Compared to the control group, the HFC , HFB , HEC and HEB groups reduced the
amount of deformation by 7.88%, 6.98%, 9.69% and 7.91%, respectively, with the
reinforcement study. The modulus of elasticity and tensile strength value of the reinforcement
materials is higher than veneers. For this reason, it is thought that the amount of flexural
deformation of the samples decreases with the use of reinforcement. Tensile strength and
modulus of elasticity of veneers and reinforcement materials are given in Table 5.

Bal et al (2015) has produced glass fiber reinforced poplar plywood in different
combinations. With the use of glass fiber, an increase in the modulus of elasticity of the
plywood was detected, and it was also determined that the use of glass fiber on the outer
surface increased the modulus of elasticity more. Moradpour et al (2018) produced a
laminated strand lumber (LSL) reinforced with glass fiber using UF and pMDI. According to
the test results, the modulus of elasticity of the reinforced LSLs was higher than that of the
control groups.

Table 5. Tensile strength and modulus of elasticity of alder veneer, poplar veneer, glass fiber
and basalt

Properties Alder Poplar Glass fiber Basalt
veneer veneer
SIfe“rfé'ti] 64.97 75,66 330,60 201,35
*

(MPa) (8,28) (7,87) (12,10) (6,60)
Elasticity 3281,73 2761,66 8022,45 4030,79
Modulus (380,18) (191,06) (269,29) (173,62)

(MPa)

*Standard deviation
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Figure 7. Bar graph showing the amount of flexural deformation of the samples

Tensile strength test was performed on the samples obtained from bending LVLs for use in
the ANSYS program. Simple analysis of variance was performed to determine the effect of
sample groups on tensile strength and modulus of elasticity and the results are given in Table
6. According to the results of the statistical analysis, it was determined that the sample groups
did not have a significant effect on the tensile strength, but had a significant effect on the
modulus of elasticity. The Duncan test results, which were conducted to compare the means
of variance sources and to determine the homogeneity groups, are given in Table 7.

Table 6. Simple analysis of variance of tensile strength and modulus of elasticity of sample

groups
Variables Sum of Degrees of Mean F significance
Squares Freedom Squares level
Tensile ~ Deween 287,86 6 47,98 1,65 0,149
groups
strength Within
1836,11 63 29,15
groups
Total 2123,97 69
Variables Sum of Degrees of Mean F significance
Squares Freedom Squares level
Modulus of Bfotx"ese” 13561899 6 2260316 6,72 0,000
Elasticity 3Vithr;n
21196543 63 336453
groups
Total 34758442 69
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Table 7. Duncan test results of tensile strength and modulus of elasticity of sample groups

(p=<0.05)
Sample Code N Tensile strength (MPa)
UF 10 48,64 b
FF 10 51,73 ab
E 10 54,48 a
HFC 10 52,41 ab
HFB 10 53,12 ab
HEC 10 55,28 a
HEB 10 53,86 ab
Sample Code N Elasticity Modulus (MPa)
UF 10 11587,40 c
FF 10 11898,40 bc
E 10 11267,40 d
HFC 10 12269,60 ab
HFB 10 12403,90 ab
HEC 10 12609,40 a
HEB 10 12199,10 ab

Averages of ANSYS and actual test results are given in Table 8. ANSYS results and actual
test results were similar. The lowest deformation amount was found in the HEC group with
118.66 mm, while the highest deformation amount was found in the E group with 132.80
mm. With the strengthening work, the amount of deformation decreased. ANSY'S test results
are given in Figure 8 and Figure 9.

Table 8. Averages of ANSYS and actual test results

Sample Code ANSYS Results (mm) Real Test Results (mm)
UF 129,13 130,50
FF 125,75 125,95
E 132,80 133,21
HFC 121,94 120,21
HFB 120,62 121,39
HEC 118,66 117,86
HEB 122,65 120,18
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Figure 8. ANSYS test result of UF group

0,00 oYy 600,00 (mrm)

150,00 450,00

Figure 9. ANSYS test result of FF group

CONCLUSION

result of this study;
When the control groups were compared, the lowest deformation amount was
determined in the FF group.
The test results in the ANSYS simulation program and the actual test results were
similar.
There was a decrease in deformation with the reinforcement study compared to the
control groups.

When the reinforcing type was examined, glass fiber gave better results than basalt.
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e The best results were found in the HEC group.
e The highest deformation amount was determined in the E group.
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