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Modified Grain Orientation of Laminated Veneer Lumber
Characteristics of Three Fast-Growing Tropical Wood
Species
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Laminated veneer lumber (LVL) and modified grain orientation of LVL
(LVB) are composite products made from veneer that are predicted to
replace construction timber. The purpose of this study was to determine
the physical and mechanical properties of LVL and LVB of mahoni
(Swietenia macrophylla), manglid (Manglietia glauca), and gmelina
(Gmelina moluccana) and to compare their characteristics. The results
showed that the physical and mechanical properties of LVL and LVB
generally meet the standards for use in construction. Differences in the
properties of LVL and LVB occurred in the properties of hardness and
screw tests, while the other properties were similar. The parallel fiber
direction was better in terms of adhesive strength, while the compaction
density was slightly higher than LVL. The LVL flexural strength was better
than LVB in flat and edge test directions. This difference correlates with
the adhesive strength in the shear strength test due to the different

orientation of the fiber directions.
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INTRODUCTION

The use of wood is dependent on its shape and characteristics (Kamala et al. 1999).
The important role of wood results in higher demand, thereby threatening the existence of
forest resources (Shukla and Kamdem 2008). One of the efforts to increase the supply of
wood is to establish forest plantations. Plantation forests are expected to substitute wood
produced from natural forests, but the amount of plantation wood is relatively small. It
needs to be increased by modifying products, for example, making composite products
(Shukla and Kamdem 2008; Hua et al. 2022).

Laminated veneer lumber (LVL) is a composite product developed for plantation
forest wood (Aydin et al. 2004). LVL requires small diameter logs of various wood
qualities, especially fast-growing wood (Lam 2001). Veneer-based composites have many
advantages over conventional solid wood, such as good dimensional stability, high
uniformity and strength, good stress distribution, lower processing costs, availability in
larger sizes, and better appearance (Kamala et al. 1991; Wong et al. 1996).

The mechanical and physical properties of composite veneer products are
determined by the characteristics of the constituent materials, manufacturing process,
adhesive, and use of the product (Lam 2001). Laminated veneer lumber can be used for
structural and non-structural applications (Ozarska 1999), so it can replace the dominance
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of concrete and steel, which are less environmentally friendly (Ozarska 1999; Lam 2001).

The development of LVL requires the characterization of wood growing in
plantations. Mahoni (Swietenia macrophylla), manglid (Manglietia glauca), and gmelina
(Gmelina moluccana) are often found in plantation forests in Indonesia. These fast-
growing woods are widely used for raw wood, and very little is used for buildings
(Kamperidou et al. 2018). One type that is widely used as sawn timber, bioenergy, and
pulp is gmelina (Dvorak 2004). The use of fast-growing wood for glulam and LVL of the
gmelina species produces quite good quality (Sasaki et al. 1993; Gonzélez et al. 2004).

Most research has focused on laminated beams (Gonzélez et al. 2004) and the
mechanical properties of LVL as flanges on I-Beams (Sasaki et al. 1993). More research
is needed in other aspects besides looking for other fast-growing wood species that have
the potential to be developed as LVL. Moreover, it is necessary to develop LVL
dimensional stability in the width direction. This form can be called modified grain
orientation of laminated veneer lumber (LVB). LVB is similar to LVL, except that only in
the middle (several layers) the direction of the veneer crosses to the length so that it will
increase its stability.

This study compared the physical and mechanical properties of LVL and LVB in
mahoni, manglid, and gmelina. The addition of a cross layer to several layers is discussed.

EXPERIMENTAL

Material Preparation

Gmelina (Gmelina moluccana), mahoni (Swietenia macrophylla), and manglid
(Manglietia glauca) wood of 8- to 10-years were obtained from community forests around
Cibugel Village-Tanjungsari Sumedang. The logs were peeled through rotary spindles at
PT SGS Tangerang Industry with a thickness of 2 mm. The veneer was dried to a moisture
content of 5%. Phenol formaldehyde (PF) was used as a base adhesive with the addition of
accelerator and filler (cassava flour). The complete adhesive formulation used based on
weight comparison is in Table 1 and the basic properties of wood material in Table 2.

Table 1. Composition of Adhesive Mixture Based on Weight Ratio

No Adhesive Specification Weight comparation Percentage
component
1 Resin Based Phenol Formaldehyde 50 100 84
° Filler Tepung Lencana Merah 5 10 8.4
(cassava flour)
3 Accelerator H451 (CaCOs3) 4.5 9 7.56
Component Total 59.5 119 100

Note: Viscosities after mixing: 20 poises.

Phenol formaldehyde (PF) used is a commercial adhesive from PT. Dover
chemical (product code: regular PF) has a viscosity of 100 to 70 poise (at 30 °C) and a
solids content of 41 to 43%, The molecular weight of phenolic resin was about 2000 to
3000. Likewise, H451 (product code) is the accelerator of the active ingredient calcium
carbonate (CaCOs). Meanwhile, cassava flour is a kind of industrial tapioca flour which
functions as a filler with a particle size ranging from 50 to 60 mesh.
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Table 2. Basic Properties of the Wood Material

) Wood Species
Properties - - - —
Swietenia macrophylla* Gmelina moluccana** Manglietia glauca***
Density 0.53 - 0.67 0.33-0.51 0.37-0.43
MOE 9200 N/mm? 4560 — 6990 N/mm? 5370 — 5470 N/mm?
MOR 62.3 N/mm? 19.4 — 34.7 N/mm? 37.5 — 45.8 N/mm?

*Abdurrohim et al. 2005; ** Krisdianto et al. 2013; ** Abdurrohim et al. 2004

Board Production

Two board types were made, namely laminated veneer lumber (LVL) and so-
called modified grain orientation of laminated veneer lumber (LVB). LVL has all veneer
layers in its structure oriented in the length direction of board, whereas LVB has some of
the veneer layers oriented perpendicular in the board. The compositions of veneer layers
are described in Table 3.

The panel was made at a plywood factory in the Tangerang area (PT Sumber Graha
Sejahtera). Three panels were made for each wood species with dimensions of 244 cm long
x 122 cm wide x 2 cm thick. The layers were glued using phenol formaldehyde (PF) resin,
which was applied on one face of the veneer with a glue spread amount of 210 g/m? using
a glue roller. The panels were pressed in two steps; they were cold-pressed at 8 kgf/cm? for
15 min, which was followed by hot-pressing at 8 kgf/cm? and 90 to 95 °C for 20 min. The
use of this temperature (90 to 95 °C) corresponds to factory standards, which so far use
fast-growing wood. From several tests carried out the use of temperatures above 100 °C
always encountered problems. For example, when the hot press was finished, blisters
occurred on several surfaces of the veneer sheets. To avoid this, the use of temperatures of
90 to 95 °C was considered effective if immediately after the hot press the panel sheets
were stacked in several layers and given weight left for 24 h for optimal curing, after which
they were cut into their final dimensions.

Table 3. Composition of Veneer Layers Structure of Board

Layer Number
Board Type
1 2 3 4 5 6 7 8 9 10 11
LVL 1 1 1 1 1 1 1 1 1 1 1
LVB I I I 1 1 1 1l 1 1 1 1

Note: // = parallel; T = Cross section

Evaluation Test

Prior to testing, the boards were conditioned in a room with a relative humidity
(RH) of 65% and a temperature of 25 °C. The moisture content (MC), delamination,
formaldehyde emission, shear and modulus constant tests were conducted in accordance
with the Japanese Agricultural Standard (JAS) for LVL 2013. The modulus of elasticity
(MOE) and modulus of rupture (MOR) in bending was carried out by flat and edge position.
Ten replication samples for screw tests were determined under air-dried conditions
accordance with the Japan Industrial Standard (JIS A5908). The physical test that was used
for the specific gravity determination and hardness was ASTM D143 (2003).

Statistical Analysis

The normality and the presence of extreme data or outliers were verified for each
panel property. A general statistical description (average and coefficient of variation) was
then performed for the various panel properties. An analysis of variance (ANOVA) was

Alamsyah et al. (2023). “Oriented veneer strands,” BioResources 18(3), 6132-6141. 6134



PEER-REVIEWED ARTICLE bi oresources.com

used to test differences between the LVB and LVL panels. Mean differences between
panels were evaluated using Tukey’s test (P < 0.01)

RESULTS AND DISCUSSION

Physical Properties

The average values of physical properties for LVL and LVB are presented in Table
4. The panel density was between 0.56 and 0.72 g/cm?, and the water content was between
18 to 19%. In general, there was an increase in density between 0.05 to 0.08 g/cm? after
becoming a panel. The highest density increase occurred in the case of LVB. The influence
of the cross section in the middle of the layer affects the density of the panels (Zhang et al.
2018). The position of the fiber cross section between layers 4", 6™, and 8" is thought to
affect the resulting density level. The results of the statistical analysis test showed that the
orientation of the veneer fibers was not significantly different from the percentage of
moisture content of the panels board. For each treatment, the results were not significantly
different from the percentage of artificial board moisture content. This is because the
orientation of the veneer fiber direction has a more significant effect on the mechanical and
structural properties of the wood panels. Shukla and Kamdem (2008) noted that the
physical properties of LVL panels made from two different hardwood species are affected
by the physical properties of the solid wood species, but not by the orientation of the fiber
direction of the panels made.

Table 4. The Physical Properties of LVL and LVB
Board

Testing Mahoni Manglid Gmelina
Type
LVL 0%* 0.2%* 0.2%*
Delamination (Passed) (Passed) (Passed)
LVB 0%* 0.3%* 0.2%*
(Passed) (Passed) (Passed)
0.38 mg/L 0.58 mg/L 0.74 mg/L
. . LVL (F***) (F***) (F***)
Formaldehyde Emission Ve 0.26 mg/L 0.58 mg/L 0.64 mg/L
(F****) (F***) (F***)
LVL 18.60% 19.76% 19.80%
MC (Failed) (Failed) (Failed)
LVB 17.83% 17.23% 20.14%
(Failed) (Failed) (Failed)
Before LVL 0.66 g/cm3 0.55 g/cm3 0.51 g/cm3
Density After 0.72 g/cm3 0.60 g/cm3 0.56 g/cm3
Before LVB 0.60 g/cm3 0.53 g/cm3 0.49 g/cm3
After 0.68 g/cm3 0.60 g/cm3 0.57 g/cm3

Note *: wood failure percent.

The adhesive formulation used to produce all types of panels met the requirements
for delamination quality and formaldehyde emission tests (four stars). This was achieved
while the water content of the panel was still above 14%. This phenomenon can occur due
to the production process and very high environmental humidity conditions. This greatly
affects the final moisture content of the panels that are made (Sozen et al. 2021).

Under conditions of high humidity during storage, wood veneer will absorb water
content (moisture) from the surrounding environment. According to Haygreen and Bowyer
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(1996), the type of wood can also affect the moisture content of the artificial board. If the
type of wood has a higher density, then the water content will be higher.

Mechanical Properties

Considering the average values for mechanical tests on LVL and LVB of the three
wood species, LVB panels had higher resistance than LVL at maximum load in terms of
hardness, shear strength test, and maximum load of screw withdrawal (Table 5). Panel
hardness is highly dependent on density; hardness values correlate positively with density
values (Gunduz et al. 2009; Scharf et al. 2022). The highest value observed was 5005 N at
a density of 0.68 g/cm (LVB), and the lowest value was 2314 N at a density of 0.51 (LVL).
The highest hardness value was observed in LVB panels for all types of wood. Although
there were differences in the density values of the two types of panels, the LVB panel type
exhibited higher hardness values than LVL. The higher hardness values of LVB may be
caused by the high compaction process in the cross section. The position of the fibers
overlaps with each other and has an effect on the hardness due to the crossing position,
which requires more power compared to the LVL panel. Parallel panel fiber positions tend
to produce lower hardness values than crossed positions (He et al. 2019).

Table 5. The Mechanical Properties of LVL and LVB

Test Board Mahoni Manglid Gmelina
Type
Flat LVL 7.95 N/mm?2 7.40 N/mm?2 5.87 N/mm?2
Shear (parallel) LVB 7.88 N/mm?2 7.22 N/mmz2 5.33 N/mm?2
Strength Edge LVL 8.43 N/mm? 6.47 N/mm? 4.93 N/mm?2
(perpendicular) | LVB 6.82 N/mm2 6.12 N/mm?2 4.91 N/mm?
MOR LVL 70.71 N/mmz2 54.35 N/mmz2 39.76 N/mm2
Flat LVB 64.88 N/mm? 53.32 N/mm? 39.16 N/mm?
MOE LVL | 11074.28 N/mm?2 | 10940.54 N/mm2 | 8543.89 N/mm?2
Bending LVB 9256.23 N/mm2 | 8825.53 N/mm?2 | 7184.04 N/mm?
MOR LVL 70.78 N/mm?2 57.52 N/mm? 43.83 N/mmz?
Edge LVB 61.37 N/mm? 55.03 N/mm? 43.30 N/mm?
MOE LVL | 11076.10 N/mm?2 | 10807.46 N/mm?2 | 8855.34 N/mm?
LVB 9275.17 N/mm2 | 8837.85 N/mm?2 | 7423.87 N/mm?
Hardness LVL 4742.97 N 3188.36 N 2314.30 N
LVB 5004.84 N 424477 N 2851.80 N
Screw LVL 1677.42 N 1341.41 N 986.56 N
LVB 1748.05 N 1505.24 N 992.03 N

The shear strengths evaluated in the two conditions (flat and edge direction) are
shown in Table 5 and Fig. 1. The strength resistance ranged from 5.33 to 8.43 N/mm? (flat
direction) and 4.91 to 7.88 N/mm? (edge direction). LVL panels presented higher shear
strength than LVB panels under all conditions. This difference can be attributed to the
different orientation of the veneers in the panels. LVB is made from cross-laminated sheets
veneer, as opposed to the arrangement in LVL panels, where the sheets are parallel
laminated veneers. During the shear test, the force applied to the LVB is perpendicular to
the direction of the veneer, while the force applied to the LVL panel is parallel to the
direction of the veneer.
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Fig. 1. Shear strength test on flat (parallel) direction

The reduction in shear resistance resulting from veneer being cut from logs by
rotary milling machines is characterized by the presence of small checks, called lathe
checks, on the veneer side, whereas there is no check on the other side of the sheet. A lathe
check is formed when the veneer is bent sharply as it passes between the blade and the nose
bridge (Sheldon and Walker 2006). During the gluing process, the unchecked side is glued
to the checked side of the veneer; therefore, the irregularities on the surface are filled with
adhesive. It appears likely that the surface irregularities increase with the perpendicular
joints of the two veneers at LVB. This situation increases the amount of adhesive applied
and therefore reduces the resistance of the glue line in the LVB. When veneers are glued
in parallel on LVL panels, irregularities are reduced by adjusting checks on the veneer
surface. Therefore, the void space on the sheet is reduced, and the resistance of the glue
line is increased.

LVB and LVL panels showed higher shear resistance than the minimum values
specified by ASTM standards under all test conditions. The shear strength of LVB panels
did not reach the average resistance of solid wood, whereas the shear strength of LVL
panels had an average value above the minimum under all conditions. LVL panels differed
greatly with respect to resistance. Although the shear strength of the LVB panels was
higher than the minimum required shear resistance, it was close to the minimum value.
Accordingly, LVL and LVB panels can be classified as satisfactory for structural use, but
special care must be exercised with LVB panels as they achieve only the minimum shear
strength of solid wood.

In contrast, LVB was found to be lower than LVL in terms of shear in plane test,
modulus of rupture (MOR), and modulus elasticity (MOE) in parallel bending (Table 5).
There was a statistical difference between the LVB and LVL panels determined with
respect to the modulus of elasticity (MOE) for both flat and edge conditions (Table 5). The
mechanical properties of LVB and LVL panels made of mahoni wood were higher than
those of manglid and gmelina (Fig. 2).

The high value of panels from mahoni wood was not only a result of the effect of
different densities, but also due to the composition of the veneer layers making up the
harvest. The parallel array determines the value obtained. As explained by Kilic et al. (2010)
and Prakash et al. (2019), the parallel arrangement of the veneers will determine its
mechanical strength. The LVB value tends to be lower than the LVL in the MOE test in a
flat position. This trend is no different for the edge position (Table 5). Where the adhesive
strength (bonding power) in the parallel position tends to be higher than that in the cross,
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even though the density results are inversely proportional (Table 4). From the results of the
MOE test there is a positive correlation with shear strength. The high MOE value was offset
by the high shear strength test results as well, in addition to the density aspect which also
contributed to the test results, and trend MOE values were similar to the values obtained
from the MOR test (Table 5).
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Fig. 2. Modulus of elasticity on flat direction

The high value of mahoni occurred in all tests, both MOE/MOR, shear strength,
hardness, and screw tests. The high value obtained was closely related to that naturally
higher material density in comparison to the other two woods (Table 2). The difference in
wood density in general will affect other properties, especially the mechanical strength,
which is the resultant of the density of the material.

In general, the three woods tested were fast growing woods. The values of parallel,
perpendicular, compressed-parallel, and MOE in perpendicular-bending were not
statistically different between panels. However, other mechanical properties were affected
by the orientation of the veneer in the panel, such as hardness, two types of shear tests,
MOR of two bending tests, and screw withdrawal.

Another important point to emphasize is that the mechanical properties of the
glued veneer products, particularly the removal of screws, are affected by the orientation
of the veneer in the panel. For example, LVVB panels have better durability when the two
parts are joined with screws. However, when the two pieces are screwed parallel to the
grain, the LVL panel has better resistance. Abdul et al. (2010) observed that some of the
mechanical properties of panels depend on panel density, screw diameter, penetration depth
of screws, wood species, moisture content, spiral grain, adhesive characteristics, and
veneer thickness. Nevertheless, the results obtained in this study confirm that differences
in many panel properties (including physical, mechanical, and delamination properties) can
be attributed to the orientation of the veneer in the panel.

Based on the results of statistical analysis it is known that the orientation of the
veneer fibers in the MOE test was significantly different in the parallel direction of the
panel. Based on the graph of the test results (Fig. 2), it is known that the LVL wood panel
sample had a higher strength value compared to the LVB wood panel sample in all
treatments. This result is in accordance with the statement Tenorio et al. (2011) that the
parallel arrangement of veneers makes wood panels have a higher bending strength than
the perpendicular arrangement of plies within wood panels (Tenorio et al. 2011).
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CONCLUSIONS

1. The laminated veneer lumber (LVL) and the modified grain orientation of LVL (LVB)
panels made of mahoni, manglid, and gmelina veneers from fast-growing plantations
have a different specific gravity between 0.5 to 0.7 with MC above 14%. There are
differences in terms of absorbing water in the three types of wood studied. Differences
in physical properties between panels were caused more by the characteristics of the
raw materials, not the shape of the panels.

2. The LVL was mechanically superior to LVB both from the results of the modulus of
elasticity/modulus of rupture (MOE/MOR) and shear strength tests except for the
hardness and screw tests. The pressing process increased the density of the panel by 9
to 15% of the density of the material. In general, all tests met the requirements for
delamination, emission, density, MOE/MOR, shear strength, and screw, except for the
water content.

ACKNOWLEDGMENTS

This research was funded by the National Research and Innovation Agency of
Indonesia (BRIN) under the scheme of “Program Riset dan Inovasi Untuk Indonesia Maju
(RIIM)  Gelombang 1” Code File LPPM.PN-13-11-2022 Contract Number
20/1V/IKS/06/2022 and 417/1T.1B07/KS.00/2022.

REFERENCES CITED

Abdul, H. P. S., Nurul, M. R., Bhat, A. H., Jawaid, M., and Nik, N. A. (2010).
“Development and material of new hybrid plywood from oil palm biomass,” Journal
of Material Design 31, 417-424. DOI: 10.1016/j.matdes.2009.05.040

Abdurrohim, S., Mandang, Y. I., and Sutisna, U. (2004). Atlas kayu Indonesia Jilid I11.
Pusat Penelitian dan Pengembangan Teknologi Hasil Hutan, Departemen Kehutanan

-Indonesia.

Abdurrohim, S., Kartasujana, 1., Kosasi, K., and Prawira, S. A. P. (2005). Atlas kayu
Indonesia Jilid 111 (cetakan ke-3). Pusat Penelitian dan Pengembangan Teknologi
Hasil Hutan, Departemen Kehutanan -Indonesia.

ASTM D143 (2003). “Standard test methods for small clear specimens of timber,”
ASTM International, West Conshohocken, PA, USA.

Aydin, I., Colak, S., Colakoglu, G., and Salih, E. (2004). “A comparative study on some
physical and mechanical properties of laminated veneer lumber (LVL) produced
from beech (Fagus orientalis Lipsky) and eucalyptus (Eucalyptus camaldulensis
Dehn) veneers,” Holz Roh Werkst. 62, 218-220. DOI: 10.1007/s00107-004-0464-3

Dvorak, W. S. (2004). “World view of Gmelina arborea opportunities and challenges,”
New Forest 28, 111-126. DOI: 10.1023/B:NEF0.0000040940.32574.22

Gonzalez, G., Moya, R., Monge, F., Cordoba, R., and Coto, J. (2004). “Evaluating the
strength of finger-joined lumber of Gmelina arborea in Costa Rica,” New Forest 28,
319-323. DOI: 10.1023/B:NEF0.0000040962.66091.db

Gunduz, G., Korkut, S., Aydemir, D., and Bekar, 1. (2009). “The density, compression
strength and surface hardness of heat treated hornbeam (Carpinus betulus) wood,”
Maderas. Ciencia y Tecnologia 11(1), 61-70. DOI: 10.4067/S0718-
221X2009000100005

Alamsyah et al. (2023). “Oriented veneer strands,” BioResources 18(3), 6132-6141. 6139



PEER-REVIEWED ARTICLE bi oresources.com

Haygreen, J., and Bowyer, J. (1996). Forest Product and Wood Science: An Introduction,
37 Ed., Iowa State University Press, Ames, IA, USA.

He, Q., Zhan, T., Zhang, H., Ju, Z., Hong, L., Brosse, N., and Lu, X. (2019).
“Comparison of bonding performance between plywood and laminated veneer lumber
induced by high voltage electrostatic field,” MATEC Web of Conferences, 275,
01013. DOI: 10.1051/matecconf/201927501013

Hua, L.S., Chen, L.C., Antov, P., Kristak, L., and Tahir P.Md. (2022). “Review article:
Engineering wood products from Eucalyptus spp,” Advances in Materials Science
and Engineering 2022, article ID 8000780. DOI: 10.1155/2022/8000780

JAS A5908. (2013). “Standard for laminated veneer lumber,” Japan Plywood Inspection
Corporation, Japan

Japanese Industrial Standard [JIS]. (2003). Japanese Industrial Standard for particleboard.
Japan

Kamala, B. S., Kumar, P., Rao, R. V., and Sharma, S. N. (1999). “Performance test of
laminated veneers lumber (LVL) from rubber wood for different physical and
mechanical properties,” Holz Roh Werkst. 57, 114-116. DOI:

10.1007/s001070050025

Kamperidou, V., Lykidis, C., and Barmpoutis, P. (2018). “Utilization of wood and bark of
fast-growing hardwood species in energy production,” Journal of Forest Science
64(4), 164-170. DOI: 10.17221/141/2017-JFS

Kilic, Y., Burdurlu, Y., Elibol, G. C., and Ulupinar, M. (2010). “Effect of layer
arrangement on expansion, bending strength and modulus of elasticity of solid wood
andlaminated veneer lumber (LVVL) produced from pine and poplar,” G.U. Journal of
Science 23(1), 89-95.

Krisdianto, Barly, Abdurrohim, S., and Mandang, Y. I. (2013). Atlas kayu Indonesia Jilid
IV. Pusat Penelitian dan Pengembangan Teknologi Hasil Hutan, Departemen
Kehutanan — Indonesia.

Lam, F. (2001). “Modern structural wood products,” Prog. Struct. Eng. Mater. 3, 238-
245. DOI: 10.1002/pse.79

Ozarska, B. (1999). “A review of the utilization of hardwoods for LVL,” Wood Sci. Tech.
33, 341-351. DOI: 10.1007/s002260050120

Prakash, V., Uday, D. N., Sujatha, D., Kiran, M. C., and Narasimhamurthy. (2019).
“Laminated veneer lumber (LVL) from fast growing plantation timber species
Meliadubia,” International Journal of Science and Research (1JSR) 8(4), 1721-1723.

Sasaki, H., Wan, Q., and Kawal, S. (1993). “Laminated veneer lumber and composite

beams produced from tropical hardwood thinning,” Curr. Jpn. Mater. Res. 11, 55-66.
DOI: 10.1016/B978-1-4831-7821-9.50011-3

Shukla, S., and Kamdem, D. P. (2008). “Properties of laminated veneer lumber (LVL)
made with low density hardwood species: Effect of the pressure duration,” European
Journal of Wood and Wood Products 66(2), 119-127. DOI: 10.1007/s00107-007-
0209-1

Sozen, E., Kayahan, K., Bardak, T., and Bardak, S. (2021). “The effects of the moisture
content oflaminated veneer lumber on bending strength and deformation
determinationvia two-dimensional digitalimage correlation,” Journal of Mechanical
Engineering Science 235(21), 5603-5615. DOI: 10.1177/0954406220986181

Scharf, A., Neyses, B., and Sandberg, D. (2022). “Hardness of surface-densified wood.
Part 1: Material or product property?,” Holzforschung 76(6), 503-514. DOI:
10.1515/hf-2021-0151

Sheldon, S., and Walker, J. (2006). “Wood-based composites: Plywood and veneer-based
products,” in: Primary Wood Processing: Principles and practice, 2" Ed., J. Walker
(ed.), Springer, New York, pp. 391-426.

Alamsyah et al. (2023). “Oriented veneer strands,” BioResources 18(3), 6132-6141. 6140



PEER-REVIEWED ARTICLE bi oresources.com

Tenorio, C., Moya, R., and Mufioz, F. (2011). “Comparative study on physical and
mechanical properties of laminated veneer lumber and plywood panels made of wood
from fast-growing Gmelina arborea trees,” Journal of Wood Science 57(2), 134-139.
DOI: 10.1007/s10086-010-1149-7

Wong, E. D., Razali, A. K., and Shuichi, K. (1996). “Properties of rubber wood LVL
reinforced with Acacia veneers,” Wood Res. 83, 8-16.

Zhang, Y. H., Huang, Y. X., Ma, H. X,, Yu, Y.J., and Qi, Y. (2018). “Effect of different
pressing processes and density on dimensional stability and mechanical properties of
bamboo fiber-based composites,” J. Korean Wood Sci. Technol. 46(4), 355-361. DOI:
10.5658/W00D.2018.46.4.355

Article submitted: June 6, 2023; Peer review completed: June 24, 2023; Revised version
received and accepted: July 17, 2023; Published: July 25, 2023.
DOI: 10.15376/biores.18.3.6132-6141

Alamsyah et al. (2023). “Oriented veneer strands,” BioResources 18(3), 6132-6141. 6141



