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ABSTRACT e In this study, 4 layers of 5 mm thick slats obtained by sawing method from poplar wood were used.
Plain woven GRFP with low density and grammage of 100 g/m’ (Type 1) and plain woven GRFP with high density
and grammage of 200 g/m? (Type 2) were placed and glued between each layer. Polyvinyl acetate (PVAc-D4),
Polyurethane (PU) and dual-component Epoxy (L285-resin and H285-hardener) adhesives were used for gluing
the layers. Strength values (bending and modulus of elasticity) between the obtained layers were investigated. As a
result of the study, it was determined that epoxy glue has higher strength than polyurethane and polyvinyl acetate
glues; Type 2 plain woven fabric has higher strength than Type I plain woven fabric; and parallel load to the glue
line results in higher performance than perpendicular load to the glue line.

Keywords: poplar, wood laminate; bending strength; modulus of elasticity

SAZETAK e U radu se prikazuje istrazivanje lameliranog drva izradenoga od piljenjem proizvedenih topolovih
platica debljine 5 mm slozenih u cetiri sloja. Izmedu svakog sloja zalijepljena je plosno tkana GRFP tkanina male
gustoce i povrsinske mase 100 g/m? (tip 1) i plosno tkana GRFP tkanina velike gustoce i povrsinske mase 200 g/m’
(tip 2). Za lijepljenje drva i tkanine upotrijebljena su ova ljepila: polivinilacetatno (PVAc-D4), poliuretansko (PU)
i dvokomponentno epoksidno (L285-mola i H285-otvrdnjivac). Istrazene su vrijednosti cvrstoce (savijanje i modul
elasticnosti) te je utvrdeno da epoksidno ljepilo ima vecu cvrstocu nego poliuretansko i polivinilacetatno ljepilo.
Nadalje, tkanina tipa 2 ima vecu cvrstocu od tkanine tipa 1, a djelovanjem sile paralelno sa sljubnicom dobivena
su bolja svojstva nego pri djelovanju sile okomito na sljubnicu.

Kljuéne rijeci: topolovina, drvni laminati, ¢vrstoc¢a na savijanje, modul elasticnosti

1 INTRODUCTION demand for forest products by processing the forests in
1. UVOD accordance with the scientific principles and to use the

The value of forest products is also increasing  cut trees most efficiently. Lamination technique is used
due to the continuous decrease in forest resources and for efficient use of wood materials, removal of defects
the increase of costs in the world. Due to the increase  and formation of diagonal fibers in curved formations.
in furniture consumption, it will be possible to meetthe ~ With the developing technology, it is used as glued
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laminated timber material, which has an important
place in today’s design world as a contemporary mate-
rial that allows to reach the smallest part of the wood
by applying small pieces of wood with the help of glue,
allowing wider openings and any desired shape.

Regarding solid wood materials, laminated wood
materials, which are superior in terms of aesthetic, eco-
nomic, and technological properties, have been sug-
gested to be preferred in skeletal elements that require
strength, particularly in LVL (Laminated Veneer Lum-
ber) furniture production (Eckelman, 1993). Laminat-
ed wood materials are used in columns and beams as
building elements, and in furniture which is exposed to
high static and dynamic forces, in particular by stick-
ing the plaque coating plates hot or cold under prestress
under high pressure, flat or inclined (Dongel, 1999).

There are many reports available in the literature
on the effects of laminated layer thickness on mechani-
cal properties (Braun and Moody, 1977; Moody, 1981;
Youngquist et al., 1984; Keskin, 2001; Altinok et al.,
2009; Percin et al., 2009) and glue type (Senay, 1996;
Eren, 1998; Dongel, 1999; Guray et al., 2003) and dif-
ferent press pressure (Franklin Glue Comp, 1989; Di-
lik, 1997; Ulupinar, 1998;).

Tests with glass fiber reinforced materials were
first carried out by Wangaard (1964) and Biblis (1965).
In these initial experiments, both researchers made ex-
periments using epoxy resin-treated one-way glass
fiber on different types of solid wood materials. The
first experiment on laminated beams was carried out by
Theakson (1965). Experiments were carried out using
water-based adhesive and epoxy adhesive with glass
fiber woven, glass fiber felt and one-way untreated
glass fiber in various shapes. The highest performance
was achieved with one-way glass fiber. In recent years,
some researches have been carried out on mechanical
reinforcement of glass fiber and wood based structural
materials (Pidaparti and Johnson, 1996; Hallstrom and
Grenestedt, 1997; Fiorelli and Dias, 2006; Akgul et al.,
2009; Ozalp et al., 2009; Riberio et al., 2009; Basterra
etal., 2012; Borri et al., 2013; Mistak, 2013; Bal 2014a
and 2014b; Osmannezhad et al., 2014; Bal, 2015; Bal
and Ozyurt, 2015; Guntekin, 2015).

The elements (beams) under the influence of the
bending force are divided into two groups as “horizon-
tal laminar elements” and “vertical laminar elements”
according to the applied force direction (Baird and
Ozelton, 1990). When the load is applied perpendicular
to the glue line, it is called horizontal, and when the
load is applied parallel to the glue line it is called verti-
cal element. Examples of horizontal and vertical lami-
nar elements are given in Figure 1.

The aim of this study was to bond and thicken
layers between 5 mm thick Populus nigra slats using
polyvinyl acetate (PVAc-D4), polyurethane (PU-D4)
and dual-component epoxy resin (L285-resin and
H285-hardener) to determine the bending strength and
modulus of elasticity of laminated wood materials pro-
duced in 4 layers by placing low-density and high den-
sity glass fiber fabric (GFRP) in order to strengthen the
layers.

Figure 1 Examples of load perpendicular to glue line and
parallel to glue line

Slika 1. Primjeri djelovanja sile okomito i paralelno na
sljubnicu

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Wood material
2.1. Drvni materijal

The black poplar wood (Populus nigra) used as a
solid wood in the preparation of the test specimens was
obtained entirely randomly from lumber mills in Usak
province. The choice of wood material was to ensure
perfect timber, smooth fibers, without knots, with nor-
mal growth, no reaction wood, and no fungus and pest
damage. The slats were cut from black poplar by a cir-
cular sawing machine with the dimension of 5 mm x
70 x mm x 1000 mm. The slats were stored until reach-
ing a moisture content of 12 % in an air conditioning
room with a temperature of (20 + 2) °C and a relative
humidity of (65 = 5) %.

2.2 Glass fiber fabric (GFRP)
2.2. Tkanina ojac¢ana staklenim vlaknima (GFRP)

It is produced from glass fiber materials such as
fiberglass, silica, colemanite, aluminum oxide, soda.
Glass fiber is the most known and used among fiber
reinforced composites (Dost Kimya, 2017). Plain wo-
ven GFRP with low density and grammage of 100 g/m?
(Type 1) and plain woven GFRP with high density and
grammage of 200 g/m? (Type 2) were used between
slats to improve the mechanical properties of timber
structural elements and are shown in Figure 2.

2.3 Glue
2.3. Ljepilo

Polyvinyl acetate (PVAc-D4), Polyurethane
(PU-D4) and Epoxy (L285 resin + H285-hardener)
adhesives were used for bonding slats. Polyvinyl ac-
etate adhesive (PVAc-D4) is an adhesive with advan-
tageous properties such as odorless, easy application,
quick curing, cold application and non-flammability
(Polisan Ltd. Sti., 2017). Polyurethane adhesive (PU-
D4) is a one component, polyurethane based, fast and

Figure 2 Glass Fiber Fabrics (GFRP)
Slika 2. Tkanina ojacana staklenim vlaknima (GFRP)
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moisture curing adhesive for indoor use (Polisan Ltd.
Sti. 2017) and Epoxy (L285-resin+H285-hardener) is
a polyurethane based (PU) dual component adhesive,
which provides excellent adhesion to wood materials
and achieves the desired mechanical strength (Dost
Kimya, 2017).

2.4 Preparation of experimental samples
2.4. Priprema eksperimentalnih uzoraka

The test specimens were prepared according to
the standard “TS EN 408:2010 + A1:2014-04 Timber
and Glued Laminates - Determination of Some Physi-
cal and Mechanical Properties”. During the production
of the test specimens from air-dried 5 mm thick solid
materials, 4 solid layers of PVAc-D4, PU-D and Epoxy
glues and plain woven GFPR with low and high den-
sity interlayer materials and samples without interlayer
(as a control) were produced. For interlayer samples, 3
layers of glass fiber material were used for intermedi-
ate support between solid layers. In the lamination pro-
cess, the dimensions of slats are 5x100x1000 mm and
4 layers are bonded. In the case of samples of inter-
layer materials, the glue solution was applied to the
solid bonding surfaces with a brush and glue spread of
180-200 gr/m?. In the bonding process, the surfaces are
glued and kept for 5-6 minutes (open time). The cold
laminating process was carried out by setting the pres-

sure to 1.2 N/mm?, cold in the hydraulic press with a
pressure gauge suitable for hot and cold preseason for
8 hours (closed time).The laminated material obtained
after pressing is prepared with woodworking machines
according to the standard. The prepared samples are
shown in Figure 3.

By using 2 plain woven types (control, Type 1
and Type 2), 3 glue types (PVAc-D4, PU-D4, and
epoxy), 1 wood type (poplar) and 2 load types (bending
strength and modulus of elasticity), a total of 90 sam-
ples (3x3x1x2x5) were prepared with 5 replicates for
each parameter. Prior to testing, all specimens were
stored in a conditioning room maintained at (20£2 °C)
and 65 % RH until moisture equilibrium was achieved.

2.5 Methods
2.5. Metode

2.5.1 Bending strength
2.5.1. Cvrstoéa na savijanje
The prepared test samples were tested, according
to the 4-point bending principle, in parallel and perpen-
dicular direction to the glue line using the SHIMADZU
universal testing machine placed in the laboratory of
Karabuk University Safranbolu Vocational School.
The loading speed of the test machine is Smm/
min. The bending strength, modulus of elasticity and
load carrying capacity of the specimens placed with the

Populus Nigra

Glass fibre fabrics
Tkanina ojacana staklenim viaknima

Glue line
Sljubnica

20

20

Figure 3 Test Samples of GFRP + Glue + Wood
Slika 3. Ispitni uzorci: GFRP + ljepilo + drvo
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Figure 4 Test Samples of Glue + Wood
Slika 4. Ispitni uzorci: ljepilo + drvo
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Figure 5 4-point bending principle
Slika 5. Nacelo savijanja u Cetiri tocke

base points of 360 (mm) are calculated. The 4-point
bending strength was determined as (Eq. 1.):
F-L (1)
b'h*

Where is bending strength (N/mm?), F' is the
maximum load (N), L is span (mm), b is width (mm)
and 7 is thickness (mm).

Opy =

2.5.2 Modulus of elasticity
2.5.2. Modul elasti¢nosti

The modulus of elasticity was determined as (Eq.

2.):
_ NGB (3_)(_j ®
" beny - w) |4
Where E_ . is modulus of elasticity (N/mm?),

A is length measured for identification of the modulus
of elasticity, b, is width — dimension in tangential di-
rection (cm), /2, is height — dimension in radial direc-
tion (cm), a is distance between loading point and near-
est spam (mm), £, — F, is increase of the load ratio on
the correct line of the load-deflection curve (N), and
W,— W, is increase in deformation corresponding to

F,—F, (mm).

2.6 Evaluation of data
2.6. Evaluacija podataka

Statistical results (arithmetic mean X, standard
deviation SS' and coefficient of variation %)) of the
data obtained in the experiments were calculated. In
order to determine the test results, multiple variance

Table 1 Bending strength values parallel to glue line (N/mm?)

analysis (ANOVA) was used to determine the effect of
factors on the values obtained for all groups. The Dun-
can test was used to indicate the significance level of
the interaction of the factors (p <0.05) with 5 % error.
Under the name of homogeneity group (HG), groups
that differ were designated as A, B, C, etc.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Bending strength of parallel to glue line
3.1. Cvrstoc¢a na savijanje paralelno sa sljubnicom

According to the normality analysis test result,
the regions show normal distribution. The statistical
evaluation results of bending strength of laminated
composite material and solid wood materials are given
in Table 1 and results of multiple variance analysis are
given in Table 2.

The effect of glue type and glass fiber fabric type
on the bending strength parallel to the glue line was
significant (p <0.05). The double interaction of the glue
type and glass fiber fabric type (p <0.05) was negligi-
ble with respect to the error. Duncan test results applied
to determine which groups are different are given in
Table 3 by glue type and Table 4 by glass fiber fabric
type.

According to Table 4, the highest bending
strength was obtained from Type 2, while the lowest
bending strength sample was obtained from control
samples.

Tablica 1. Vrijednosti ¢vrstoce na savijanje paralelno sa sljubnicom (N/mm?)

Glue type GFRP Xmin Xmax X SS %V
Vrsta ljepila
Control 40.52 46.13 4332 232 5355
PVAc-D4 Type | 47.02 52.64 49.83 2.67 5358
Type 2 62.96 68.58 65.77 3.52 5351
Control 36.58 4220 39.39 2.11 5.356
PU-D4 Type | 42.49 48.11 4530 243 5364
Type 2 56.98 62.60 59.79 3.20 5352
Control 52.64 5826 55.45 297 5356
Epoxy Type | 60.97 66.59 63.78 3.42 5362
Type 2 8138 87.00 84.19 450 5345

SS — standard deviation / standardna devijacija; V — coefficient of variation / koeficijent varijacije
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Table 2 Variance analysis results of the effects of glue type and glass fiber fabric type on bending strength values parallel to

glue line

Tablica 2. Rezultati analize varijance utjecaja vrste ljepila i vrste tkanine ojacane staklenim vlaknima na ¢vrstocu na

savijanje paralelno sa sljubnicom

Source of variance Sum of square df Mean square Fratio | Level of significance
Izvor varijance Zbroj kvadrata Prosjecni kvadrat | F-omjer Razina znacajnosti
Glue type (A) / vrsta ljepila (A) 3146.130 2 1573.065 164.012 .000

Plain woven type (B) 4522.027 2 2261.014 235.740 000

vrsta plosno pletene tkanine (B)

AxB 99.787 4 24.947 2.601 .062
Residual / ostatak 345.281 36 9.591

Total / ukupno 150810.086 45

Table 3 Duncan test results (N/mm?) of the effect of
bending strength parallel to glue line by glue type
Tablica 3. Duncanov test ¢vrstoce na savijanje (N/mm?)
paralelno sa sljubnicom s obzirom na vrstu ljepila

Glue type / Vrsta ljepila X HG
Epoxy 67.81 A
Polyvinyl Acetate (PVAc-D4) 52.97 B
Polyurethane (PU-D4) 48.16 C

Table 4 Duncan test results of the effect of bending strength
(N/mm?) parallel to glue line by glass fiber fabric type
Tablica 4. Duncanov test ¢vrstoce na savijanje (N/mm?)
paralelno sa sljubnicom s obzirom na vrstu tkanine ojacane
staklenim vlaknima

GFRP X HG
Type 2/ tip 2 69.92 A
Type 1 /tip 1 52.97 B
Control / kontrola 46.05 C

3.2 Bending strength perpendicular to glue line
3.2. Cvrstoc¢a na savijanje okomito na sljubnicu

The statistical evaluation results of bending
strength of laminated wood material and solid wood
are given in Table 5, and the results of multiple vari-
ance analysis are given in Table 6.

The effect of the type of glue and glass fiber fab-
ric type on the vertical bending strength of the glue line
was significant (p <0.05). The double interaction of the
glue type and glass fiber fabric type (p <0.05) was neg-
ligible with respect to the error. Duncan test results ap-
plied to determine which groups are different are given
in Table 7 by glue type and Table 8 by glass fiber fabric
type.

According to Table 7, the highest bending
strength was obtained from epoxy glue, while the low-
est bending strength was obtained from polyurethane
glue (PU-DA4).

Table 5 Bending strength values perpendicular to glue line (N/mm?)
Tablica S. Vrijednosti ¢vrsto¢e na savijanje okomito na sljubnicu (N/mm?)

Glue type / Vrsta ljepila GFRP Xmin Xmax X SS %V
Control 38.49 43.83 41.16 2.20 5.344
PVAc-D4 Type 1 44.67 50.01 47.34 2.54 5.365
Type 2 59.81 65.15 62.48 3.34 5.345
Control 34.75 40.09 37.42 2.00 5.344
PU-D4 Type 1 40.36 45.70 43.03 2.31 5.368
Type 2 54.13 59.47 56.80 3.04 5.352
Control 50.01 55.35 52.68 2.82 5.353
Epoxy Type 1 57.92 63.26 60.59 3.25 5.363
Type 2 77.31 82.65 79.98 4.28 5.351

SS — standard deviation / standardna devijacija; V — coefficient of variation / koeficijent varijacije

Table 6 Variance analysis results of the effects of glue type and glass fiber fabric type on bending strength values perpendicu-

lar to glue line

Tablica 6. Rezultati analize varijance utjecaja vrste ljepila i vrste tkanine ojacane staklenim vlaknima na ¢vrstocu na

savijanje okomito na sljubnicu

Source of variance Sum of square af Mean square F ratio Level of significance
Izvor varijance Zbroj kvadrata Prosjecni kvadrat F-omjer Razina znacajnosti
Glue type (A) / vrsta ljepila (A) 2839.409 2 1419.705 163.998 0.000

Plain woven type (B) = 4080.998 | 2 2040.499 235.710 0.000

vrsta plosno pletene tkanine (B)

AxB 89.964 4 22.491 2.598 0.057
Residual / ostatak 311.646 36 8.657

Total / ukupno 136106.147 45
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Table 7 Duncan test results (N/mm?) of the effect of
bending strength perpendicular to glue line by glue type
Tablica 7. Duncanov test (N/mm?) ¢vrsto¢e na savijanje
okomito na sljubnicu s obzirom na vrstu ljepila

Table 11 Duncan test results of the effect of modulus of
elasticity (N/mm?) parallel to glue line by glue type
Tablica 11. Duncanov test modula elasti¢nosti (N/mm?)
paralelno sa sljubnicom s obzirom na vrstu ljepila

Glue type / Vista ljepila X HG Glue type / Vista ljepila X HG
Epoxy 64.42 A Epoxy 5072 A
Polyvinyl Acetate (PVAc-D4) 50.32 B Polyvinyl Acetate (PVAc-D4) 3785 B
Polyurethane (PU-D4) 45.75 C Polyurethane (PU-D4) 3775 B

Table 8 Duncan test results (N/mm?) on the effect of
bending strength perpendicular to glue line by glass fiber
fabric type

Tablica 8. Duncanov test (N/mm?) ¢vrstoce na savijanje
okomito na sljubnicu s obzirom na vrstu tkanine oja¢ane
staklenim vlaknima

GFRP X HG
Type 2/ tip 2 66.42 A
Type 1 /tip 1 50.32 B
Control / kontrola 43.75 C

According to Table 8, the highest bending
strength was obtained from Type 2 glass fiber fabric
samples, followed by Type 1 glass fiber fabric and con-
trol samples.

3.3 Modulus of elasticity parallel to glue line
3.3. Modul elasti¢nosti paralelno sa sljubnicom

The statistical evaluation of the results of lami-
nated wood material and modulus of elasticity parallel
to glue line is given in Table 9, and the results of mul-
tiple variance analysis are given in Table 10.

The effect of the type of glue and glass fiber fab-
ric type was significant with the margin of error (p
<0.05) in the modulus of elasticity parallel to the glue

Table 9 Modulus of elasticity parallel to glue line (N/mm?)

Tablica 9. Modul elasti¢nosti paralelno sa sljubnicom (N/mm?)

Table 12 Duncan test results of the effect of modulus of
elasticity (N/mm?) perpendicular to glue line by glass fiber
fabric type

Tablica 12. Duncanov test modula elasti¢nosti (N/mm?)
paralelno sa sljubnicom s obzirom na vrstu tkanine ojacane
staklenim vlaknima

GRFP X HG
Type 2/ tip 2 5099 A
Type 1/tip 1 4034 B
Control / kontrola 3499 C

line. The double interaction of the glue type and glass
fiber fabric type (p <0.05) was negligible with respect
to the error. Duncan test results applied to determine
which groups are different are given in Table 11 by
glue type and Table 12 by glass fiber fabric type.

According to Table 11, the highest modulus of
elasticity was obtained from epoxy glue and the lowest
modulus of elasticity value was obtained from polyure-
thane (PU-D4) glue.

According to Table 12, it can be seen that the
highest modulus of elasticity was obtained from Type 2
glass fiber fabric samples, while the lowest value was
obtained from control samples.

Glue type / Vista ljepila GFRP Xmin Xmax X SS %V
Control 2785 3127 2956 154.34 5.200
PVAc-D4 Type | 3052 3393 3223 79.22 2.400
Type 2 4148 4489 4318 106.22 2.400
Control 3878 4220 4049 175.98 4.300
PU-D4 Type 1 3270 3612 3441 60.11 1.700
Type 2 4440 4782 4611 80.84 1.700
Control 4150 4492 4321 159.39 3.600
Epoxy Type 1 4520 4862 4691 275.14 5.800
Type 2 6115 6457 6286 368.42 5.800

SS — standard deviation / standardna devijacija; V — coefficient of variation / koeficijent varijacije

Table 10 Variance analysis results of the effects of glue type and glass fiber fabric type on modulus of elasticity values

parallel to glue line

Tablica 10. Rezultati analize varijance utjecaja vrste ljepila i vrste tkanine ojacane staklenim vlaknima na modul elasti¢nosti

paralelno sa sljubnicom

Source of variance Sum of square af Mean square Fratio |Level of significance
Izvor varijance Zbroj kvadrata Prosjecni kvadrat | F-omjer Razina znacajnosti
Glue type (A) / vrsta ljepila (A) 10053593.200 2 5026796.600 1752.657 0.000

Plain woven type (B) 713831.733 2 | 3569158867 | 1244.433 0.000

vrsta plosno pletene tkanine (B)

A xB 216240.267 4 54060.067 18.849 0.053
Residual / ostatak 103251.600 36 2868.100

Total / ukupno 348988507.000 45
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Table 13 Modulus of elasticity perpendicular to glue line (N/mm?)

Tablica 13. Modul elasti¢nosti okomito na sljubnicu (N/mm?)

Glue type / Vrsta ljepila GFRP Xmin Xmax X SS %V
Control 2772 3014 2893 81.11 2.800
PVAc-D4 Type | 2613 2855 2734 177.34 6.400
Type 2 3726 3968 3847 108.49 2.800
Control 3671 3912 3791 73.00 1.900
PU-D4 Type | 3427 3669 3548 191.16 5.300
Type 2 4921 5163 5042 96.72 1.900
Control 4033 4275 4154 53.38 1.200
Epoxy Type 1 4055 4296 4175 225.89 5.400
Type 2 5403 5645 5524 70.79 1.200

SS — standard deviation / standardna devijacija; V — coefficient of variation / koeficijent varijacije

Table 14 Variance analysis results of the effects of glue type and glass fiber fabric type on modulus of elasticity values

perpendicular to glue line

Tablica 14. Rezultati analize varijance utjecaja vrste ljepila i vrste tkanine ojacane staklenim vlaknima na modul elasti¢nosti

okomito na sljubnicu

Source of variance Sum of square af Mean square Fratio | Level of significance
Izvor varijance Zbroj kvadrata Prosjecni kvadrat | F-omjer | Razina znacajnosti
Glue type (A) / vrsta ljepila (A) 9120065.644 2 4560032.822 1754.189 0.000

Plain woven type (B) 6474541.111 2 3237270.556 | 1245.338 0.000

vrsta plosno pletene tkanine (B)

A xB 196258.622 4 49064.656 18.875 0.052
Residual / ostatak 93582.400 36 2599.511

Total / ukupno 316532875.000 45

34 :\_Ilodulus of elasticity perpendicular to glue
ine
3.4. Modul elasti¢nosti okomito na sljubnicu

The statistical evaluation results of modulus of
elasticity of laminated wood material and solid wood
are given in Table 13, and the results of multiple vari-
ance analysis are given in Table 14.

The effect of the type of glue and glass fiber fab-
ric type was significant with the margin of error
(»<0.05) in the modulus of elasticity perpendicular to
the glue line. The double interaction of the glue type
and glass fiber fabric type (p<0.05) was negligible with
respect to the error. Duncan test results applied to de-
termine which groups are different are given in Table
11 by glue type and Table 12 by glass fiber fabric type.
Duncan test results applied to determine which groups
are different are given in Table 15 by glue type and
Table 16 by glass fiber fabric type.

The highest modulus of elasticity value was ob-
tained with epoxy glue, followed by polyvinyl acetate
grafted (PVAc-D4) and polyurethane grafted (PU-D4),
respectively.

According to Table 16, it can be seen that the
highest modulus of elasticity was obtained from Type
2, while the lowest value was obtained from control
samples.

As a result, it was determined that epoxy glue has
higher strength than polyurethane and polyvinyl acetate
glues; Type 2 plain weaving woven fabric has higher
strength than Type 1 plain weaving woven fabric; and
laminates parallel to the glue line have higher perfor-
mance than those perpendicular to the glue line. In re-
cent years, some research has been carried out on the
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Table 15 Duncan test results of the effect of modulus of
elasticity (N/mm?) perpendicular to glue line by glue type
Tablica 15. Duncanov test modula elasti¢nosti (N/mm?)
okomito na sljubnicu s obzirom na vrstu ljepila

Glue type / Vista ljepila X HG
Epoxy 4805 A
Polyvinyl Acetate (PVAc-D4) 3613 B
Polyurethane (PU-D4) 3486 C

Table 16 Duncan test results of the effect of modulus of
elasticity (N/mm?) perpendicular to glue line by glass fiber
fabric type

Tablica 16. Duncanov test modula elasti¢nosti (N/mm?)
okomito na sljubnicu s obzirom na vrstu tkanine ojacane
staklenim vlaknima

GFRP X HG
Type 2/ tip 2 4618 A
Type 1 /tip 1 4127 B
Control / kontrola 3158 C

mechanical reinforcement of glass fiber and wood-based
structural materials (Basterra ef al., 2012; Mistak, 2013;
Bal and Ozyurt, 2015; Guntekin 2015). In these studies,
the researchers generally made experiments on the bend-
ing properties and adhesion strength of the reinforced
material. Premrov et al., (2003) investigated the me-
chanical strengths of wooden structural elements rein-
forced with carbon fiber, and they obtained a 50 % high-
er strength in the bending strength of laminated elements.
Gaff and Gaffrik (2015) also examined the effect of
bending strength of laminated beech wood on densifica-
tion. As a result, the bending strength value was found to
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be 17 % higher than the control sample. Muratoglu
(2011) achieved high strength with carbon fiber rein-
forced strip rod (CFRP) and double component epoxy
adhesive in reinforcement processes in the restoration of
historical buildings.

4 CONCLUSIONS
4. ZAKLJUCAK

In this study, the modulus of elasticity of the lam-
inated wood material supported by various glass fiber
materials was investigated from 4 aspects. To this pur-
pose (Populus nigra.) wood, which is widely used in
the manufacture of furniture and building elements in
our country, was made of 4 layers of glass fiber ele-
ments placed in porous structure between slats and
bonded with epoxy, polyvinyl acetate (PVAc-D4) and
polyurethane (PU-D4). As a result of the test, control
samples and samples supported by glass fiber fabric
were statistically evaluated according to the glue type,
glass fiber type and load type. Based on the results,
epoxy adhesive showed the highest bending strength
parallel and perpendicular to the glue line, while poly-
urethane (PU-D4) glue showed the lowest bending
strength. According to the glass reinforcing fiber type,
Type 2 showed the highest bending strength, while the
control samples showed the lowest bending strength.
Epoxy + Type 2 showed the highest bending strength
combined with glue type and glass reinforcing fiber
type. Epoxy adhesive showed the highest modulus of
elasticity strength parallel and perpendicular to the
glue line, while polyurethane (PU-D4) glue showed the
lowest bending strength. Regarding the type of glue,
epoxy adhesive showed the highest modulus of elastic-
ity perpendicular to the glue line, while polyurethane
(PU-D4) glue showed the lowest modulus of elasticity
value. Epoxy + Type 2 showed the highest modulus of
elasticity combined with glue type and glass reinforc-
ing fiber type.

Based on the experimental results obtained, it
was determined that the bending strength and the mod-
ulus of elasticity increased the strength of the support
materials as compared to the control example. Since
there is a significant increase in the strength properties
of the material when using the intermediate filler mate-
rial in the laminated materials, its use may be preferred
in furniture and building properties. In the literature, it
is stated that the performance will increase as a result
of the increase of layer thickness in pine samples. As a
continuation of this study, researchers are recommend-
ed to focus on different layer symmetry and testing of
laminated samples with different filling materials.
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