ceesssessss Melo, Del Menezzi: Influence of Adhesive Type on the Properties of LVL Made...

Rafael Rodolfo de Melo', Claudio Henrique Soares Del Menezzi’

Influence of Adhesive
Type on the Properties

of LVL Made from Parica
(Schizolobium amazonicum
Huber ex. Ducke)
Plantation Trees

Utjecaj tipa ljepila na svojstva LVL ploc¢a
izradenih od plantaznog drva parica
(Schizolobium amazonicum Huber ex. Ducke)

Original scientific paper ° Izvorni znanstveni rad
Received — prispjelo: 18. 11. 2014.

Accepted — prihvaceno: 20. 5. 2015.

UDK: 630%824.3; 630*833.0, 674.031.738
doi:10.5552/drind.2015.1438

ABSTRACT ¢ The work aimed at evaluating the influence of the adhesives on physical and mechanical properties
of laminated veneer lumber (LVL) boards made from Schizolobium amazonicum plantation trees. This species is
native from Amazonia and it is showing fast growing and low density. LVL was produced in three different treat-
ment groups considering the type of adhesive used (Polyvinyl Acetate Crosslinking — PVAc, phenol-formaldehyde
— PF and polyurethane — PU). For each treatment, pieces with dimensions of 25 cm x 2.2 cm x 50 cm were pro-
duced. The following mechanical and physical properties were then evaluated: static bending modulus of elasticity
(E,), modulus of rupture (f, ), compression strength parallel to grain (f, ), shear strength parallel to glue-line (f, ),
shear strength perpendicular to glue-line (f, ), water absorption and thickness swelling for 2 and 24 h of water
immersion. The adhesives used in this study significantly influenced the performance of LVL. Polyurethane adhe-
sive presented better results with respect to physical properties. Phenol-formaldehyde provided greater resistance
among the adhesives tested.

Key words: Wood products, Lumber, Adhesive, Polyvinyl Acetate Crosslinking, Polyurethane, Phenol-Formalde-
hyde.

SAZETAK * Rad je usmjeren na vrednovanje utjecaja ljepila na fizikalna i mehanicka svojstva lameliranih fur-
nirskih ploca (LVL) izradenih od drva Schizolobium amazonicum iz plantaznog uzgoja. Vrsta potjece iz Amazone
i ima svojstva brzog rasta i male gustoc¢e drva. LVL ploce proizvedene su primjenom triju vrsta ljepila (polivinil
acetatnoga - PVAc, fenol-formaldehidnoga - PF i poliuretanskog ljepila - PU). Dimenzije proizvedenih ploca bile
su 25 cmx 2,2 cmx 50 ecm. Odredivana su ova mehanicka i fizikalna svojstva: staticki modul elasticnosti pri savi-
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Janju (E, ), modul loma (f,), ¢vrstoca na tlak paralelno s vlakancima (f. ), smicna cvrstoéa paralelno s linijom
lijepljenja (f, ,), smicna ¢vrstoca okomito na liniju lijepljenja (f, ,, ), apsorpcija vode i debljinsko bubrenje nakon 2
i 24 sata potapanja uzoraka u vodi. IstraZivanje je pokazalo da ljepilo upotrijebljeno za izradu LVL ploce znatno
utjece na njezina svojstva. Poliuretansko ljepilo utjecalo je na bolja fizikalna svojstva, a fenol-formaldehidno lje-
pilo pokazalo se najotpornijim medu istrazivanim ljepilima.

Kljucéne rijeci: proizvodi od drva, drvo, polivinil acetatno ljepilo, poliuretansko ljepilo, fenol-formaldehidno lje-

pilo

1 INTRODUCTION
1. UVOD

The selection of an ideal adhesive to produce
structural wood composites depends on different as-
pects; highlighted among them are the costs, the use of
the product, exposure conditions, production method,
technology and devices available, the use of treatments
and the dimensions and shape of the product (Kurt,
2010). The characteristics of adhesives used in LVL
(laminated veneer lumber) production have an impor-
tant role in the quality of the final product, which can
be established based on physical and mechanical prop-
erties of the boards. Therefore, the use of a proper ad-
hesive should allow acceptable properties suitable for
future use of the panels (Uysal, 2005).

Traditionally, structural wood adhesives are syn-
thetic resins with conditions to promote high durabili-
ty, resistance and rigidity to structural components pro-
duced. The most used resins in LVL production for
external use are phenolics, including phenol-formalde-
hyde and on a smaller scale, resorcinol-formaldehyde
(Kol et al., 2010). These adhesives are highlighted be-
cause of properties such as high humidity resistance,
durability and resistance to microorganism attack that
enable more durable final products.

The use of non-phenolic adhesives for LVL pro-
duction is fundamental, mainly for components with
semi-structural or non-structural application. In this
way, the improvement of adhesives is already provid-
ed, as well as the development of new adhesives made
considering the application to products that will be
used in dry or humid environments. This aspect ena-
bles, for example, the manufacturing of products spe-
cific for interior or external use with a satisfactory
quality and lower cost, since the use of a resin with
high humidity resistance that generally costs more is
unnecessary for these applications (Uysal, 2005). In
this class, the most commonly used adhesives for LVL
production are urea-formaldehyde, melanin-urea-for-
maldehyde (Colak et al., 2004; Kurt, 2010), polyvinyl
acetate crosslinking (PVAc) and resins based on polyu-
rethanes (Kilic ef al., 2006; Kilig, 2011).

Another relevant aspect to choosing the type of
adhesive is the requirement of high temperature for ma-
turing. Hot gluing, necessary for phenol-formaldehyde
and urea-formaldehyde adhesives, involves additional
costs for board production but accelerates maturing
time. Cold gluing (room temperature) used for resorcin-
ol-formaldehyde, polyurethane and PVAc has been used
at the industrial level to produce structural components
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with satisfactory results (Renzo, 2008). Among the main
resins used for structural component production, phe-
nol-formaldehyde, and particularly resorcinol-formalde-
hyde and urea-formaldehyde, have several restrictions
on use because of formaldehyde release, even after the
adhesive dried (Colak et al., 2004).

A range of PVA based glues can be formulated to
fit the requirements and specifications of many prod-
ucts. The use of PVAc in LVL had good results in stud-
ies of Aydin et al. (2004) and Shukla and Kamdem
(2008). According to Kim and Kim (2006), there is an
increasing interest in the use of PVAc adhesive because
of health risks associated to adhesives that contain for-
maldehyde. Polyurethane adhesive (PU) is formalde-
hyde-free. It can be found as a mono- or bi-component
adhesive, and can be formulated for achieving satisfac-
tory performance related to maturing speed, type of
substrate, moisture resistance and mechanical stress.
Studies carried out by Kilic (2006), Kili¢ (2011) and
Bal and Bektas (2012) highlighted good performances
of LVL produced with polyurethane-based resins.

This study evaluated the influence of the type of
adhesive on physical and mechanical properties of
LVL made from parica (Schizolobium amazonicum
Huber ex. Ducke).

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

2.1 Veneer production
2.1. lzrada furnira

Parica veneers (Schizolobium amazonicum) of
2.71 mm x 85 c¢cm x 115 cm in thickness, width and
length, obtained from PORTIL® - Portas Itinga Lim-
itada and Rio Concrem Industrial Limitada®, both
from Dom Eliseu city, Para State, were used in this
study. Further information about veneer production
and yield can be obtained in Melo et al. (2014). Fifty
5-7-year-old Schizolobium amazonicum Huber ex.
Ducke (Leguminosae - Caesalpinioideae) trees were
harvested and 170-cm length logs were produced and
randomly selected in the yard of a plywood facility lo-
cated in Northern Brazil. The selected logs were peeled
within 72 hours after harvesting, and therefore they
were still in wet condition.

The veneers without defects were selected, taken
to the laboratory and resized into samples of 2.71 mm
x 25 em x 50 cm. The samples were then acclimated,
and mass and dimensions were measured for later cal-
culation of apparent specific mass. At this step, wave
propagation speed was also obtained using a Stress
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Wave Timer device, which was used in conjunction
with specific mass (p) results, to determine the dynam-
ic modulus of elasticity (£_,).

2.2 Adhesive used
2.2. Primijenjena ljepila

The specifications and features of each resin used
for LVL production are described as follows:

Polyvinyl acetate crosslinking (PVAc), bicompo-
nent of Multibond X-080, with catalyzer TSA from
Franklin International®. The properties observed for
this resin were: solid content of 52 %, pH 4.5 and vis-
cosity of 4500 cP, according to the specifications of the
producer.

CR-070 Phenol-formaldehyde (PF) was used,
formulated in the ratio of 100:5:8:7 of resin, wheat
flour, coconut flour and water, according to the specifi-
cations of the producer ST Group Crios ®. The viscos-
ity observed for the mixture was approximately 840 cP,
measured at room temperature with a digital viscome-
ter (spindle #27), pH 11.4 obtained using a pH meter
and solid content of 59 %.

Polyurethane based resin (PU) used was Cascola
PU, monocomponent from Henkel®, according to the
producer ideal for gluing in external areas, as it is wa-
terproof and resistant to different weather conditions
and temperatures. According to the producer, resin vis-
cosity is 6000 cP, pH 7.0 and solid content 100 %.

2.3 Manufacturing of panels and sample

preparation
2.3. Proizvodnja ploc¢a i izrada uzoraka

LVL was produced in three different treatment
groups considering the type of adhesive used (polyvi-
nyl acetate crosslinking, phenol-formaldehyde and
polyurethane). For each treatment, pieces with dimen-
sions of 25 cm x 2.2 cm x 50 cm (width x thickness x
length) were produced into x-layers LVL. To reduce
the variability of properties, boards were assembled
through resistance classes according to their £_, with
veneers with higher £_ at the outer layers, their values
decreasing towards the center layer (more resistant ve-
neers at the face and less resistant veneers at the core).
The veneer selection within each class for panel assem-
bly was random.

All adhesives used in the experiment were manu-
ally applied using a spatula with a gramature of 200 g/
m? For pressing, a pressure of 1.0 N/mm? was used.
LVL produced with PVAc and PU was pressed with a
hydraulic presser at room temperature for 12 hours. In
the case of PF a cold pre-pressing was made, aided by
concrete blocks for 30 minutes following adhesive ap-
plication. The LVL were then taken to the hydraulic
presser and pressed for 12 hours at 140 °C.

2.4 Determination of properties
2.4. Odredivanje svojstava plo¢a

For the evaluation of physical properties (specific
mass, moisture content, water absorption, thickness
swelling and residual swelling) of LVL made from
paricd, the recommendations of the ASTM D 1037
standard procedure (1999) were used. Twenty eight
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samples of wood were used per treatment, with the di-
mensions of 2.2 cm x 2.2 cm x 10 cm. The samples
were acclimated at temperature of 20 °C +2 and 65 %
+5 relative humidity, until constant mass was achieved
and dimensions and mass could be measured. Follow-
ing this, specimens were submerged in water and mass
and dimensions were measured after 2, 24 and 96 hours
following immersion. At the end of the trial, the sam-
ples were again taken to the climate chamber, where
dimensions and mass were stabilized and these param-
eters re-measured.

Mechanical tests were carried out according to
recommendations of the ASTM D 5456 standard pro-
cedures (2006). Two positions for bending resistance -
flatwise and edgewise, were evaluated. Twenty one
samples were used per treatment and per position in the
dimensions of 2.2 cm x 2.2 cm x 40 cm. The load was
applied at the speed of approximately 2.5 mm/min. The
spacing between supports was 36 cm in length.

For compression testing, 21 samples were used
per treatment with dimensions of 2.2 cm x 2.2 cm x 10
cm. The specimen dimensions were determined by the
maximum ratio of length/radius gyration (17 times) al-
lowed by the standard procedure. The trial speed was 1
mm/min. Compression for the samples was determined
by the force applied at the area subject to stress. For
parallel (tension parallel to grain test) and perpendicu-
lar (tension perpendicular to grain test) shear stress in
relation to glue line, 21 samples with dimensions of 2.2
cmx 2.2 cm x 3.3 cm and an area for the application of
the shear stress were used.

2.5 Analysis of results
2.5. Analiza rezultata

The physical tests of water absorption and thick-
ness swelling, and the mechanical trial of static bend-
ing were performed using a complete randomized de-
sign with factor arrangement. When a significant
difference was detected using an F-test, the factors and
their interactions were analyzed by the Scott-Knott test
(p>0.05). Other results were evaluated using ANOVA
with later comparison by Tukey test (p > 0.05), also
with a completely randomized design.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Physical properties
3.1. Fizikalna svojstva

The use of different adhesives for LVL produc-
tion did not influence the specific mass of the panels
(Figure 1). This can be attributed to a pre-classification
of the veneers based on £_, and to the same amount of
resin used for all treatments (200 g/m?). The specific
mass presented greater values than Iwakiri e al. (2010)
observed for LVL made from parica produced with dif-
ferent assembly strategies and glued with PF. They
ranged between 0.37 g/cm® and 0.41 g/cm’.

Regarding equilibrium moisture content, LVL
produced with different resins were observed to be sig-
nificantly different, as the use of PF promoted higher
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Figure 1 Density (p) and equilibrium moisture content observed for LVL panels produced with different adhesives
Slika 1. Gustoca (p) i ravnotezni sadrzaj vode LVL ploca proizvedenih primjenom razli¢itih ljepila

moisture content, followed by PVAc and finally PU.
Renzo (2008) studied different adhesive formulations
using resorcinol-formaldehyde (RF), tannin and castor
bean-based PU and also observed that the type of resin
used significantly influenced the equilibrium moisture
content in LVL made from Eucalyptus grandis. In ad-
dition to the factors that are inherent to the wood itself,
aspects related to the manufacturing processes of LVL
have an influence on its equilibrium moisture content.
Among them, authors mentioned that the type and
amount of resin used, and time and temperature of
pressing were the factors that differed between the
treatments and that could have influenced the results.
The same authors also mentioned that equilibrium
moisture for reconstituted wood was generally lower in
comparison to solid wood for the same temperature
and humidity conditions.

Lower moisture content was observed for LVL
glued with PU adhesive. This could be explained by
the use of water by the adhesive while maturating
through the reaction of its isocyanate groups with the
water molecules that are present in the wood. This re-
lates to the lower equilibrium moisture content ob-
served in PVAc panels in comparison to PF panels, at-
tributed to a crosslinking process between hydrogen
bridges and polyvinyl resin.

For all treatments, the equilibrium moisture con-
tent observed was lower than the value from the cli-
mate chamber, pre-established at 12 %. A similar be-
havior was observed by Hashim et al. (2011) for LVL
made from Hevea brasiliensis. This behavior is ex-
plained by different hygroscopicity between products
made of wood and solid wood, because of the reduc-
tion of the wood into veneers and later the incorpora-
tion of resins, paraffin and other substances. Another
aspect that contributes to hygroscopicity reduction is
the use of high temperatures and pressure on the final
consolidation of the LVL panels.

LVL performance in water absorption and thick-
ness swelling tests did not present significant interac-
tions for the evaluated factors (Table 1). This means
that the type of adhesive used does not show different
behavior for the evaluated times. Consequently, the
data were analyzed separately.
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Table 1 Summary of results of factorial analysis of water
absorption (WA) and thickness swelling (75)

Tablica 1. Sazetak faktorske analize rezultata apsorpcije
vode (WA) i debljinskog bubrenja (75)

F.V. G.L. WA Ny
F1: Adhesive 2 Hk *k
F2: Time 2 Hk *ok
Interaction F1xF2 4 NS NS
Residue 180

**Significant at the 1 % level (p<0.01) of significance; ™ Not sig-
nificant (p>0.05) / **ZnaCajno na razini signifikantnosti 1 %
(p<0,01); S nije znacajno (p>0,05).

Better dimensional stability was observed for LVL
produced with PU, followed by the LVL produced with
PF (Figure 2). Renzo (2008) proved the efficiency of PU
adhesive on dimensional stability for LVL, when it was
observed that LVL produced with this resin resulted in a
lower percentage of water absorption and thickness
swelling when compared with LVL produced using tan-
nin resin, resorcinol resin or a mixture of both. Uysal
(2005) compared PU adhesive (D-VTKA) to other kinds
of resins (UF, PF and PVAc) and found PF performed
better, and PU had similar results to PVAc.

No stabilization of water absorption was ob-
served for the period evaluated. When comparing types
of'adhesives, LVL produced using PU had lower water
absorption, PVAc presented higher water absorption
and boards that used PF presented intermediate results
(Figure 2). Studies carried out by Uysal (2005) showed
different results for LVL made from Pinus sylvestris,
where LVL glued with PF absorbed less water com-
pared to LVL that used PU, PVAc and urea-formalde-
hyde (UF).

For thickness swelling, stabilization was ob-
served 24 hours after immersion, which can be attrib-
uted to the fibers achieving saturation point (PSF).
Where there was no additional water absorption after
this period, interference occurred on the dimensional
stability of the component.

The use of different kinds of adhesives promoted
a significant difference on residual swelling for LVL
made from parica. This was a repetition of what oc-
curred for thickness swelling, where components that
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Figure 2 Influence of resin type and immersion time in water absorption and thickness swelling for panels produced with

different adhesives

Slika 2. Utjecaj vrste ljepila i vremenskog trajanja potapanja uzoraka u vodi na apsorpciju vode i debljinsko bubrenje LVL

ploca proizvedenih primjenom razli¢itih ljepila

used PU presented lower residual swelling. The inter-
relationships between these parameters were also evi-
denced by Souza ef al. (2011); this evidence confirmed
a close relation among parameters of water absorption,
thickness swelling and residual swelling for LVL made
from different species of Pinus.

Residual swelling is represented by compression
stress (springback) to which the samples were exposed
during manufacturing (Figure 3). As the pressure used
for LVL production was the same for all treatments
(1.0 N/mm?), the results indicate that part of this swell-
ing effect is represented by a loss of adhesion quality
that occurred due to long time in which the samples
were immersed in water.
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Figure 3 Residual thickness observed for panels produced
with different adhesives
Slika 3. Zaostala debljina plo¢a proizvedenih primjenom
razli¢itih ljepila nakon potapanja u vodi
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3.2 Mechanical properties
3.2. Mehanicka svojstva

No significant interactions were observed for re-
sistance and rigidity to bending of LVL from parica
between different types of adhesives (PVAc, PF and
PU) and trials (flatwise and edgewise). These factors
however had a significant influence on LVL perfor-
mance when analyzed individually (Table 2).

Among the types of adhesives used, PF promoted
the highest values for E_, followed by PVAc. For LVL
that used PU as an adhesive, it presented greater elas-
ticity (less rigidity) (Figure 4). According to Broughton
and Hutchinson (2001), this elasticity is common for
products that use PU as an adhesive, because it pre-
sents a less rigid bonding line, usually in the form of
foam caused by a reaction between the adhesive and
wood moisture, producing CO,.

Table 2 Summary of results of factorial analysis for
elasticity modulus (£, ) and rupture modulus (f) )
Tablica 2. Sazetak faktorske analize rezultata modula
elasti¢nossti (£, ) i modula loma (f )

EV. G.L. E £
k3k

m

F1: Adhesive 1 *k
F2: Type of test 2 *x *E
Interaction F1xF2 2 NS NS

Residue 120

**Significant at the 1 % level (»p<0.01) of significance; ¥ Not sig-
nificant (p>0.05) / **ZnaCajno na razini signifikantnosti 1 %
(p<0,01); ™ nije znacajno (p>0,05).
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Figure 4 Values of elasticity modulus (£, ) and rupture modulus (f ) of panels according to resin type and test position
Slika 4. Vrijednosti modula elasti¢nosti (£ ) i modula loma (f, ) ploca ovisno o vrsti ljepila i poziciji odredivanja svojstva

Regarding the f_parameter, PF was the type of
adhesive that was observed to promote a greater bend-
ing resistance, while other adhesives presented an
equivalent resistance (Figure 4). Kilic et al. (2006) ob-
served for LVL made from A/nus glutinosa that the use
of PVA promoted superior mechanical resistance com-
pared to PU adhesive, but for physical water resistance
the reverse was observed. However, according to the
authors, these results do not regard it impossible to use
PVA for structural purposes, since it can be applied to
structures in an internal environment. In external areas,
the use of PU would be preferred compared to PVA.

Samples in a flatwise trial presented a greater
modulus of elasticity (£, ) and modulus of rupture (£ )
compared with the edgewise position (Figure 4). This
result can be attributed to veneer classification and
board assembly that prioritized more resistant veneers
for the external layers of LVL. Horizontal laminated
systems (flatwise) submitted to bending when more re-
sistant veneers were positioned close to the edges,
making it more efficient and resulting in a more resist-
ant laminated component.

Iwakiri et al. (2010) observed that mixed LVL
made from parica (core) and Eucalyptus saligna (cov-
ers) had greater bending resistance for both positions
of trial (flatwise and edgewise) than LVL produced ex-
clusively from parica veneers. According to these au-
thors, the arrangements of veneers with a higher spe-
cific mass at the face of the LVL, where greater traction
stress and compression effort occurred on static bend-
ing, were responsible for increased performance. In the
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same study, it was evidenced that the arrangement of
more resistant veneers at the core of the panels did not
contribute to increased resistance or rigidity in flatwise
position. Miiller (2009) observed similar results for
mixed LVL made from Pinus taeda and Eucalyptus sa-
ligna. This occurred because in static bending trials a
multi laminated element is placed on a surface sup-
ported by the ends with stress applied in the middle of
the interspace, and therefore veneers closer to the sur-
face have to support greater traction stress (inferior
face) and compression effort (superior face).

LVL produced with PVAc presented superior par-
allel compression effort (f_ ) compared to the ones that
used PF. LVL that used PU adhesives obtained interme-

35
30
25

28.17a 26.25b 26.92 ab

20
15

f.p» N/mm?

10
5
0

PVAc FF PU
Resin type / vrsta ljepila

Figure 5 Compression strength (f, ) for panels produced
with different adhesives

Slika 5. Cvrstocéa na tlak (.. ,) plo¢a proizvednih primjenom
razlicitih ljepila
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Figure 6 Shear strength parallel (f ,) and perpendicular (f ) line of glue to panels produced with different adhesives
Slika 6. Smicna ¢vrstoca paralelno (f » ,) 1 okomito (f » ) na liniju lijepljenja ploca proizvedenih primjenom razli¢itih ljepila

diate results and at the same time equivalent to the other
resins (Figure 5). Similar results were observed by Kilic
et al. (2006), who found that among the resins used to
produce LVL, PVAc promoted superior results when
samples were submitted to effort f, . When comparing
compression performance of LVL produced with tannin,
resorcinol polyurethane or different compositions of
these adhesives, Renzo (2008) observed greater com-
pression effort for panels that used PU - 100 %.

Analysis of parallel shear resistance ( fvg,o) found
PF and PU as resins that promoted greater resisting
connections (Figure 6). These results indicate that the
choice of a proper adhesive is essential to obtain a high
quality glue line, which can directly affect the LVL
performance for parallel shear stress. An example of
this was made by Shukla and Kamden (2008), who
used PVAc adhesive to produce LVL made from three
different species and observed foeo in the range of 1.8-
2.5 N/mm?. With respect to perpend1cu1ar shear stress
of the glue line (£, ), as shown in Figure 6 the type of
adhesive had no significant influence. This result can
be attributed to homogenous samples with pre-classifi-
cation of veneers more than to the type of adhesive
used in this trial.

Similar results were obtained by Uysal (2005)
when analyzing LVL made from Pinus silvestris and
glued with different kinds of adhesive. He observed a
greater f, for PU adhesives, followed by PF, UF and
finally PVAc Mean values observed by the author
were 5.36 N/mm? (PU), 4.89 N/mm? (PF), 4.77 N/mm?
(UF) and 4.48 N/mm? (PVAc) for a boiling water re-
sistance test. Kilic et al. (2006) compared shear stress
parallel to glue line for LVL produced with PVA and
PU and concluded that the former adhesive provided
greater resistance to the panels.

The values observed for mechanical properties
evaluated (E, f ., /., foao fogon) for LVL made from
parica can be considered low when compared with re-
sults obtained for the same variety of LVL made by
different species and glued with many types of resins
(Pio, 2002; Uysal, 2005; Souza ef al., 2011). It is im-
portant to highlight that parallel or perpendicular shear
stress does not only depend on adhesive quality but
also on the characteristics of the wood used to produce
the LVL. Consequently, as observed by Gungor ef al.
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(2006) and Shukla and Kamden (2008), even when
structural adhesives are used, low resistance values can
still be obtained.

Since parica is a wood species with a low specific
mass, the young harvested tree samples (4 to 7 years)
normally used for commercial veneer production pre-
sented low values of shear resistance. To obtain more
resistant wood in a population, it is necessary to har-
vest older trees because they tend to have a higher per-
centage of adult wood and consequently, a greater spe-
cific mass. An example of this is given by Pio (2002),
who studied properties of LVL made by veneers of
Eucalyptus grandis of different ages (15 to 20 years)
and proved that the use of veneers from older trees pro-
vided a higher performance on mechanical properties.

4 CONCLUSIONS
4. ZAKLJUCAK

Different kinds of adhesives used in this study
significantly influenced the performance of physical-
mechanical properties of LVL made from parica
(Schizolobium amazonicum). In regards to physical
properties, polyurethane adhesive presented better re-
sults by having lower percentages of water absorption,
thickness swelling and residual swelling. For mechani-
cal properties, in a joint analysis of the results, phenol-
formaldehyde provided greater resistance (except in
compression) among the adhesives tested, because it
provided better performance when submitted to bend-
ing and shear stresses.
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