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Abstract:
The objective of this study was to determine and compare properties of laminated veneer
o
lumber (LVL) panels manufactured from heat treated (212 C, 2h) and untreated pine veneer with
melamine urea formaldehyde (MUF) adhesive. The results showed that, heat treatment considerably
decreased all investigated physical properties of LVL. The reductions in density (D), moisture content
(MC), and thickness swelling (TS) were 8.33%, 33.78% and 14.03%, respectively. The findings of this
study demonstrated that heat treatment resulted in adverse effect on bending strength and hardness
of LVL panels. Heat treatment caused a decrease in bending strength (MOR) by 31.85% and in
hardness (HT) by 25.44%. However, modulus of elasticity (MOE) and compressive strength (CS)
values of LVL panels were higher than those of untreated groups. Compressive strength and modulus
of elasticity (MOE) of LVL panels made of heat treated veneer respectively were 11.17% and 7.46%
higher than untreated LVLs.
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INTRODUCTION
In view of the increasing awareness of society concerning the natural environment, structural
composite lumber (SCL) have become important recently. Laminated veneer lumber is one of the most
known and commercially produced SCL that can be defined as a composite of wood veneer sheets
have been manufactured by using appropriate adhesive, processing conditions, veneers from different
wood species with wood fibers primarily oriented along the longitudinal axis of the member, where the
veneer element thickness are 6.4mm or less (ASTM D-5456-14b). Physical and mechanical properties
of LVLs are governed by the properties of the wood species utilized, the manufacturing process, the
quality control process and finally the application of these products (Lam 2001). Laminated veneer
lumber has the potential to be used in structural and non-structural applications such as construction
and furniture industry, material for ﬂooring and numerous other areas (Barbu et al. 2014, Hayashi and
Oshiumi 1993, Eckelman 1993, Ozarska 1999, Lam 2001, Shukla and Kandem 2008).
One of the objectives of composite technology is to produce a product with acceptable
performance characteristics using low quality raw materials combining beneﬁcial aspects of each
constituent. New composites are produced with the aim to reduce the costs and to improve
performance (Schuler and Adair 2003). By proper choice of the suitable wood component, its
orientation, adhesives and processing conditions, different types of wood panel products are
manufactured (Shukla et al. 1999). Thermal modification has increased significantly in the last few
years and still growing as an industrial process to improve some properties of wood and wood based
composites. This interest is due to the declining production of durable timber, to the increasing
demand for sustainable building materials, to the deforestation of especially sub-tropical forest, and to
the increased introduction of governmental restrictive regulations reducing the use of toxic chemical
(Esteves and Pereira 2009). Heat treated wood is a material with changed chemical composition. The
chemical modifications that occur in the material at high temperatures are accompanied by several
favorable changes in its physical properties, including reduced shrinkage and swelling, improved
biological durability, low equilibrium moisture content, enhanced weather resistance, a decorative dark
color, improved thermal insulation properties, low pH, several extractives flowed from the wood, and
better decay resistance (Rapp 2001). However, heat treatment causes decreases in certain
mechanical properties of wood and wood based materials such as shear strength (Sahin Kol et al.
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2009, Chen et al. 2015) and bending strength (Nazerian et al. 2011, Sahin Kol 2010) and requests
special tools or increased the wear during processing.
There have been some studies of the use of heat treatment to improve performance of wood
based materials. Effects of different heat treatment conditions on the physical and mechanical
properties LVL were investigated by Nazerian et al. (2011) and Nazerian and Ghalehno (2011) for LVL
made from beech, maple and poplar bonded with urea folmaldehyde (UF), by Perçin et al. (2015) for
LVL made from black pine glued with MF and D-Vtka polyurethane, by Altınok et al. (2010) for beech
LVL bonded with polyurethane and polyvinyl acetate (PVAc). Chen et al. (2015) were reported the
feasibility of heat treatment for Masson pine veneers and its application in plywood. Reports from
various studies indicate that, the extent of change in wood based composites properties by heat
treatment varies depending on the chemical and anatomical nature of wood utilized, adhesives used,
the methods of treatment, treatment temperature and time (Nazerian et al. 2011, Nazerian and
Ghalehno 2011, Perçin et al. 2015, Altınok et al. 2010, Chen et al. 2015). Heat treatment of wood
affect the shear strength in several ways depending on the adhesive type used (Boonstra et al. 1998,
Sernek et al. 2008, Sahin Kol et al. 2009, Chen et al. 2015).
A better understanding of the effect of heat treatment process on the properties of LVL made of
different wood species and adhesives can help us develop productive uses for heat treated wood,
thereby efficient usage of LVLs made from heat treated veneer in the construction and building
industry. This work is designed to determine and compare physical and mechanical properties of LVLs
made from untreated and heat treated pine veneers bonded with MUF adhesive. Such scientific and
technical information is required by the forest products industry to meet and develop future market
demands especially for improving the bio-degradability.
MATERIAL AND METHODS
Wood Material
Pine (Pinus Nigra) planks were obtained from Nova Forest Products Inc., Bolu, Turkey. The
planks (32×125mm cross section and 3000mm long) have approximately an initial moisture content of
50% - 60%. Each plank was divided into 2 treatments groups. One of them was kept as an untreated
o
control group and the other was thermally treated at 212 C.
Preparation of Laminated veneer lumber samples
Untreated control groups were dried in industrially kiln-drying at approximately at a temperature
of 70ºC until moisture content of 11%-15%. The commercial Thermowood method patented by
International Thermowood Association was applied to other planks in NOVA Forest Products Inc. The
process was carried out in three main phases. Firstly, wood temperature was raised rapidly using heat
o
o
and steam to a level around 100 C. Thereafter the temperature was increased steadily to 130 C, and
the moisture content was reduced to nearly zero. Whenever high heat drying was occurring, the
o
temperature was increased to a level of 212 C and held constant through 2 hours. In the final stage,
o
the temperature was reduced to 50 to 60 C by using a water spraying system. This process was
continued until the moisture content of planks reached 4 to 6%. The total time of the heat treatment
was 113h. The heat treatment operation was carried out quite slowly because the initial moisture of
the planks was high. For, the cracks formed during the drying are to be a big risk. After heat treatment
only the planks that were free of defects were selected for further testing.
Subsequently, untreated control planks (MC = approximately 11-13%) and heat-treated pine
planks (MC = approximately 4-6%) were cut into veneers (4mm thick) and the veneer were
o
conditioned in a standard climate with 65% relative humidity (RH) and at a temperature of 20 C until
they reached equilibrium MC. The MC of the veneers was determined by the gravimetric method. The
MC of the untreated and heat treated veneers prior to bonding were 12.9% and 8.7%, respectively.
Five-layer LVL panels (size 650mm length x 125mm weight) with 20mm thickness were
manufactured from the veneer sheets. A commercial MUF adhesive was used. The MUF adhesive has
-3
o
a pH of 8.8 with a viscosity of 160cP, a solid content of 55%, and density of 1.24gcm at 20 C. The
-2
adhesive spreading rate was 200gm . To manufacture experimental five-layer LVLs, adhesives were
spread on veneers’ surfaces and they were immediately assembled with their tight sides facing out on
each veneer and with their grain directions parallel to each other. The panels were hot-pressed at a
-2
temperature of 120ºC for 25min and pressure of 2kgcm . The panels were conditioned for 24h, after
which they were cut into their ﬁnal dimensions. All samples were further cut according to the specified
standards and conditioned at 20±2°C and 65±3% relative humidity before further testing. Thirty
replicates were used for each test.
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Physical and mechanical properties determination
Density (D), moisture content (MC), and thickness swelling after 24 h (TS) were determined to
study the physical properties. ASTM D-2395-14E1 was used for the density determination, ASTM D4442-15 for MC measurement, and ASTM D-1037-12 for thickness swelling.
Four types of mechanical test were conducted in this study: center-point ﬂexure test (MOE⊥ and
MOR⊥) perpendicular to the surface (F||), compression strength parallel to the surface (C||), hardness
test (HT). ASTM D-3501-05a was used for C||, ASTM D-3043-00 for F|| and ASTM D-1037-12 for HT
determinations.
RESULTS AND DISCUSSION
The mean values and standard deviations of the obtained properties of LVLs manufactured
from untreated and heat-treated veneers and the decreases of properties are presented in Table 1.
Table 1
The physical and mechanical properties of LVLs
Un-treated

Properties
-3

D (g cm )
MC (%)
TS (%)

Heat-treated

0.60 (0.13)
10.42 (0.23)
7.48 (2.59)
-2

MOR⊥ (N mm )
-2
MOE⊥ (N mm )
-2
CS|| (N mm )
-2
HT (N mm )

102.67
11547.27
59.61
22.4

0.55 (0.06)
6.90 (0.45)
6.43 (1.03)

(14.87)
(1840.59)
(3.38)
(7.0)

69.96
12408.86
66.27
16.7

(19.00)
(1265.80)
(5.20)
(4.5)

Decrease of
property (%)
-8.33
-33.78
-14.03
-31.85
7.46
11.17
-25.44

Results are expressed as the mean (n=30 for each properties); values in parentheses represent the standard
deviation.

Based on the findings in the work, the physical properties of LVLs decreased after the planks
were exposed to heat. LVLs made from veneers produced heat treated planks exhibit about 8.33%
lower density than the untreated samples (Table 1). LVLs made from heat treated planks exhibit about
14.03% lower thickness swelling than the untreated samples (Table 1). Also heat treatment caused a
decrease in MC by 33.78%. Similar results have been observed in previous studies (Nazerian and
Ghalehno (2011), Nazerian et al. (2011), Percin et al. 2015). Decreases in physical properties of LVLs
made from veneers produced heat treated wood were mainly the results of changes in chemical
reactivity of wood utilized by heat treatment. The reduction on EMC and swelling are due to several
factors. The degradation of hemicelluloses, which are the most hygroscopic structural compounds,
plays an important role but the degradation amorphous regions of cellulose and cross-linking reactions
also contribute on decrease on EMC and swelling as reported by several researchers (Bhuiyan and
Hirai 2005, Tjeerdsma and Militz 2005, Esteves et al. 2008, Boonstra et al. 2007). Heat treatment
results in a reduction of the accessible, free hydroxyl groups. As a consequence of reduces hydroxyl
groups, swelling are lower (Ates et al. 2009). The main reasons for the decrease of the density of
LVLs after heat treatment are: degradation of wood components (mainly hemicelluloses) into volatile
products which evaporate during treatment; evaporation of extractives; and a lower equilibrium
moisture content of the panels since heat treated wood is less hydrophobic (Boonstra et al. 2007).
The bending strength (MOR⊥) showed a rather large decrease by heat treatment. Untreated
-2
LVLs had an average bending strength value of 102.67Nmm which is 31.85% higher than those
samples exposed to a temperature of 212ºC. Similar findings were reported in the literature for wood
and wood based materials. Researchers reported that MOR increases slightly in the beginning of heat
treatment at moderate temperature and then decreases significantly at higher temperature and/or after
a longer heating period (Kubojima et al. 2000, Bekhta and Niemz 2003, Boonstra et al. 2007, Kocaefe
et al. 2008), Nazerian and Ghalehno (2011) and Nazerian et al. (2011) found that the MOR of LVL
o
heat treated at 120-180 C decreased 43-83% compared to those untreated LVLs. Perçin et al. (2015)
o
reported that MOR of LVLs heat treated at 200 C and laminated with MF and DVTKA decreased 14.8,
18.2% respectively. Chen et al. (2015) reported that bending strength of plywood increased by
o
increasing heat treatment temperature and then decreased at 190 C. Altınok et al. (2010) found that
o
the increase of heat treatment temperature from 100C to 150 C affected bending strength of LVL
positively. The mechanical property loss was explained as the results of hemicellulose degradation,
increasing crystalline cellulose content, and replacement of flexible hemicellulose–cellulose–
5
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hemicellulose bonds with more rigid cellulose–cellulose bonds (Kocaefe et al. 2010, Kocaefe et al.
2008, Boonstra et al. 2007).
MOE of LVLs showed a slightly increase by heat treatment. LVL made from veneers produced
2
heat treated planks had MOE value of 12408.9Nmm- which is 7.46% higher than those untreated
samples. Kocaefe et al. (2010), Sahin Kol (2010) and Boonstra et al. (2007) showed that MOE of heat
treated wood was higher compared to those of the untreated wood. Somewhat different results were
reported by Nazerian and Ghalehno (2011). These authors found that MOE values in LVL produced
o
from heat treated veneer at 180 C were 31% lower than control samples. This difference in the MOE,
this is not explicitly stated, appear to correspond to the method and temperature and time of heat
treatment, accordingly, a modified chemical structure. Degradation of the hemicelluloses, disrupting
the load-sharing capacity of the lignin-hemicelluloses matrix, and increase of the relative amount of
crystalline cellulose could contribute to the increase of the MOE. The increased cross linking of the
lignin network probably also affects the MOE, since it is expected that an increased cross linking
improves the rigid structure around the cellulose microfibrils/fibrils and the strength characteristics of
the middle lamella. Furthermore, heat treated wood is less hygroscopic than untreated wood (Table 1),
which affects the MOE making wood less pliable (Boonstra et al. 2007).
The compressive strength (CS||) of heat treated LVL was higher than those of untreated
-2
samples. Untreated samples had an average compressive strength value of 59.61Nmm that is
11.17% less than those samples exposed to a temperature of 212ºC. The findings of compression
strength of the LVL samples in this work are agree with those determined in various past studies
(Percin et al. 2015, Sahin Kol 2010, Boonstra et al. 2007, Altınok et al. 2010). The increase of the
compressive strength in longitudinal direction might be due to a lower EMC in heat treated wood
(Table 1). An increased cross linking of the lignin polymer network could be another reason for this
improvement. Lignin acts as a stiffener of the cellulose microfibrils/fibrils (Sweet and Winandy 1999)
and an increased cross linking of this polymer appears to prevent or limit movement perpendicular to
the grain (which occurs during compressive loading parallel to the grain). Furthermore, lignin is the
main component of the middle lamella and an increased cross linking of the lignin polymer network
improves the strength of the middle lamella which subsequently affects the strength properties of the
cell wall (Boonstra et al 2007).
Hardness values of the LVLs also decreased with heat treatment. Heat treatment caused a
decrease in hardness by 25.44% which can be related to deterioration of the cell wall structure after
the heat treatment. These findings are in accordance with that found in literature for wood under heat
treatment (Karamanoğlu and Akyildiz 2013, Kocaefe et al. 2010, Won et al. 2012, Salca and Hiziroglu
2014, Sahin Kol 2010).
CONCLUSIONS
This work investigated the effect of heat treatment on physical and mechanical properties of
laminated veneer lumber. According to the results obtained this work, heat treatment of planks alters
the physical and mechanical properties of LVLs. Heat treatment of planks had an enhancement effect
on thickness swelling, modulus of elasticity and compressive strength and adverse effect on hardness
and bending strength of LVL panel. It appears that strength losses can be limited through alternative
modified heat treatment techniques. On the basis of the results, it appears that the production of LVL
from heat treated pine planks may be contribute to use raw material more efficiently.
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