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Abstract: This study aims to investigate the feasibility of producing OSB from softwood species used
in the Eastern Canadian softwood lumber industry in the context of the overcapacity of softwood
chips traditionally produced for the pulp and paper industry. Balsam fir, black spruce, and jack pine
logs were used to make 15 mm thick OSB panels with a target density of 600 kg/m3. The panels were
manufactured at a temperature of 210 ◦C during a pressing cycle of 300 s. Strands with different
thicknesses were used to obtain a constant specific surface of 6.7 m2/kg for the three species. The
bending modulus of the rupture and modulus of elasticity, internal bond, and thickness swelling
of the OSB panels were determined and compared to the CSA standard requirements. The species
significantly affected the physical and mechanical properties of OSB. The bending properties of OSB
decreased with an increase in the species wood density. The internal bond strength of OSB increased
with the increase in species wood density. The panels made from softwood species showed physical
and mechanical properties exceeding the standard requirements, except for high thickness swelling.
The combination of softwood and aspen strands significantly improved the thickness swelling of
softwood-based OSB. The reduction in the surface layer density could also be explored to reduce the
thickness swelling of the OSB made from the softwoods considered in this study.

Keywords: balsam fir; black spruce; jack pine; OSB; softwood species; physical and mechanical properties

1. Introduction

Oriented strand board (OSB) has been developed since the 1980s and is widely used
in North American building construction. Statistics indicate that the world OSB production
reached 35.92 million m3/year in 2020 [1]. OSB manufacturers are constantly looking
for suitable raw materials for OSB production because of the increasing competition and
demand in the market [2–5].

Pine and aspen are the main species used for OSB manufacturing in North America [6].
Some researchers developed OSB products using paper birch with promising results [7].
Other hardwood species, such as oak and western hackberry, were also considered for OSB
manufacturing, with good bending properties that met the requirements of the CSA O437
standard. Still, the internal bond and thickness swelling were not satisfactory [8]. Other
researchers considered the feasibility of using red cedar and eucalyptus for manufacturing
OSB panels, and found that eucalyptus has excellent potential to replace pine in OSB
production [9].

In Europe, the wood species mainly used for OSB manufacturing are softwood species
such as pine and spruce. In addition, some hardwood species such as beech can also serve
as an alternative, but this is mainly used for particleboard manufacturing or fuelwood [10].
Some fast-growing wood species, such as birch and poplar, have the potential to totally
or partially replace other softwood species to produce OSB panels [11,12]. White willow
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has also been used as a raw material in OSB production, with better panel properties than
those made from spruce and pine [13,14].

Studies from Asia showed that bamboo could also be used as a raw material for
OSB manufacturing. Several research projects have indicated that the type and content of
adhesive are the major factors in bamboo OSB and OSL manufacturing [15–17]. Researchers
found that the OSB panels made from bamboo had mechanical properties similar to those
made from wood [18–20]. However, there are still some problems with bamboo OSB panel
performance. For example, ply delamination due to the curling of bamboo strands was
identified as a problem [21]. Ply delamination can be greatly improved by mixing bamboo
and wood strands [22]. Despite this, the type of adhesive used, the hot-pressing strategy,
and other process parameters should be improved to obtain satisfactory OSB panels made
from bamboo.

Wojcik et al. (1989) [23] and Esteban et al. (2006) [24] evaluated the performance of
OSB panels made from mixed species. These OSB panels showed a better performance
than those made from single species. Akrami et al. [25,26] used a mixture of paper birch
and aspen strands to make OSB panels, with good results. However, most of the average
results showed high coefficients of variation, which involve being treated with caution.

As one of the world’s OSB producers, Canada faces some challenges. On the one hand,
most of the OSB panels manufactured in Canada are currently made from a limited number
of species, such as aspen, poplar, and paper birch [27]. On the other hand, the production
decrease in the pulp and paper industry results in a surplus of chips produced by the
softwood lumber industry [28]. It is, therefore, necessary to explore new ways of reclaiming
softwood lumber processing residues. The use of softwoods for OSB production is not
common in Eastern Canada. It is known that the wood species impact the performance
of the adhesives used, especially wood chemistry and the presence of resin. Species
wood density also has a major impact on the physical and mechanical properties of the
OSB panels produced. Under these circumstances, it becomes necessary to explore the
possibility of producing OSB panels from residues produced during the primary processing
of softwood logs, representative of the species used by the softwood sawmill industry in
Eastern Canada.

The overall objective of this study was to investigate the feasibility of producing OSB
from the softwood species mainly used by the Eastern Canadian lumber industry, namely
black spruce (Picea mariana (Mill.) B.S.P.), balsam fir (Abies balsamea (L.) Mill.), and jack pine
(Pinus banksiana Lamb.). The research reported in this article focused on investigating the
interactions between wood species and panel performance, including bending modulus
of elasticity (MOE) and modulus of rupture (MOR), internal bond (IB), thickness swelling
(TS), and water absorption (WA).

2. Materials and Methods
2.1. Materials

Logs of black spruce with an oven-dry density of 445 kg/m3 [29], balsam fir with an
oven-dry density of 367 kg/m3 [29], jack pine with an oven-dry density of 454 kg/m3 [29], and
trembling aspen (Populus tremuloides Michx.) with an oven-dry density of 424 kg/m3 [29] were
obtained from Arbec Forest Products Inc., Quebec, Canada. The logs were cut into large
slabs of 25 mm thickness with a portable sawmill located at Centre de recherche sur les
matériaux renouvelables (CRMR), Université Laval, Quebec City, QC, Canada. The slabs
were cut into strands of a predetermined length and thickness using a 12/48 laboratory ring
strander (Carmanah Design and Manufacturing Inc., Vancouver, BC, Canada) located at
the FPInnovations Laboratory in Quebec City, QC, Canada. The strands were conditioned
to 2–3% moisture content (MC) using a laboratory drum drier. Strands with different
thicknesses were used to obtain a constant specific surface of 6.7 m2/kg for all species. The



Forests 2022, 13, 523 3 of 10

specific surface values of the strands were calculated using Equation (1) [30]. The strand
width was set at a fixed value of 25 mm, given by the slab thickness.

ss =
2

ρ × t
(1)

where ss is the specific surface (m2/kg), t is the strand thickness (m), and ρ is the oven-dry
wood density (kg/m3).

2.2. Methods
2.2.1. Manufacture of OSB Panels

The wood strands were conditioned to 3% MC. A commercial liquid phenol-formaldehyde
adhesive (CL5357) with a solid content of 51% obtained from LRBG Chemicals Inc.
(Longueuil, QC, Canada) served as an adhesive at a content of 5% (oven-dry wood mass) in
an in-house made drum blender. A wax emulsion with a solid content of 58% was applied
at a rate of 1% (oven-dry wood mass). Water was added to make the MCs of the surface
and core layers furnish at 8% and 7%, respectively. The blended strands were placed in a
mold using a screening box to align them in the desired direction. The orientation of the
surface layer strands was perpendicular to the core layer’s strands. The mass proportion of
the surface/core/surface layers was 30:40:30. The final size of the OSB panel was 760 mm
by 760 mm by 15 mm. The mat was hot pressed to a 600 kg/m3 target density at a tem-
perature of 210 ◦C and a pressing cycle of 355 s (closing + holding + opening time) using
a hot press (Dieffenbacher North America, Windsor, ON, Canada; maximum operating
pressure of 9500 kPa) equipped with the PRESSMAN control system developed by the
Alberta Research Council (Edmonton, AB, Canada) located at the CRMR, Université Laval,
Quebec City, QC, Canada. Six types of OSB panels were manufactured (Table 1), represent-
ing various combinations of the species used. There were three replications of each OSB
panel type. The pressing process consisted of a one-step closure schedule developed by
Wang et al. [31] (Table 2). After hot pressing, the panels were stored in a conditioning
chamber at 20 ◦C and 65 % relative humidity to obtain an equilibrium moisture content
(EMC) of 8%. The cutting plan of the produced OSB is shown in Figure 1.

Table 1. Panel fabrication and structure.

Panel Type 2 Species Panel Structure Target Density 1

(kg/m3)

P 100% jack pine Three-layer 600
S 100% black spruce Three-layer 600
F 100% balsam fir Three-layer 600
A 100% aspen Three-layer 600

M1 33.3% black spruce + 66.6% aspen Three-layer 600
M2 66.6% black spruce + 33.3% aspen Three-layer 600

1 Target density at an EMC of 8 %.2 F: balsam fir; A: trembling aspen; M1: 33.3% spruce/66.6% aspen mixture;
M2: 66.6% spruce/33.3% aspen mixture; S: black spruce; P: jack pine.

Table 2. One-step pressing schedule.

Schedule Time (s)

Total closing time (from mat thickness to panel thickness) 23
Hold at final position (100% of panel thickness) 272

Total opening time 60
Open to intermediate position A (101.5% of final position) 10
Open to intermediate position B (103% of final position) 10
Open to intermediate position C (104% of final position) 10
Open to intermediate position D (106% of final position) 10
Open to intermediate position E (109% of final position) 10
Open to intermediate position F (110 % of final position) 10
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Figure 1. Cutting scheme of the specimens from the produced OSB: (1) vertical density profile
and internal bond strength; (2) parallel bending modulus of elasticity and modulus of rupture;
(3) perpendicular bending modulus of elasticity and modulus of rupture; (4) thickness swelling.

2.2.2. Vertical Density Profile (VDP)

The VDP of the OSB panels was determined using a XQMS (Quintek Measurement
Systems Inc., model QDP-01X, Knoxville, TN, USA) beam densitometer with a reading
increment of 0.02 mm. The test specimen dimensions were 50 mm by 50 mm. There were
nine specimens for each OSB panel.

2.2.3. Bending Properties (Modulus of Rupture (MOR) and Modulus of Elasticity (MOE))

The bending properties of the OSB panels were determined according to CSA O437
Series-93 (Standard on OSB and waferboard (reaffirmed 2011)) [32]. The test specimen
length was 24 times the nominal panel thickness (15 mm) plus 50 mm for a total of 410 mm.
The test specimen width was 75 mm. Six bending test specimens were sampled for each
OSB panel. Three specimens were cut with their long axis parallel to the long axis of
the panel (MOEpar and MORpar), and the three others were cut with their long axis
perpendicular to the long axis of the panel (MOEper and MORper).

2.2.4. Internal Bond Strength (IB)

The internal bond test of the OSB was conducted according to CSA O437 Series-93 [33].
The six specimens (50 mm by 50 mm) of each OSB panel used to measure the VDP were
used for the IB tests.

2.2.5. Thickness Swelling after 24 h Immersion (TS)

Thickness swelling of OSB after 24 h immersion in water was conducted according
to CSA O437 Series-93 (Standard on OSB and waferboard (reaffirmed 2011)) [32]. The test
specimen dimensions were 150 mm by 150 mm. The measured specimens were conditioned
following Clause 3.1.6 of CSA O437.1.1 [32]. There were two specimens for each OSB panel.

2.2.6. Statistical Analysis

Differences in the six types of OSB panels for MOE, MOR, IB, and TS were investigated
by one-way analysis of variance (ANOVA) using the SPSS version 25 software (IBM Corp.,
Armonk, NY, USA). A Shapiro–Wilk test of normality available in SPSS Statistics was per-
formed on the data for each property and each type of panel. All data sets showed a normal
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distribution with p-values not less than 0.05. Tukey’s test determined the significance of the
differences between any two OSB average property values at the 0.05 significance level.

3. Results
3.1. Vertical Density Profile

Figure 2 illustrates the average VDPs of the laboratory-made OSB panels with strands
of different wood species. They are quite similar, despite some differences. Figure 2a shows
that the balsam fir panels (F) had the steepest VDP with a higher surface density and lower
core density. The jack pine panels (P) and the black spruce panels (S) had similar VDPs
with lower surface densities and higher core densities than the balsam fir panels (F).
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Figure 2. Average vertical density profiles of (a) balsam fir panels (F), black spruce panels (S), and
jack pine panels (P), and (b) aspen panels (A), M1 panels (33.3% spruce/66.6% aspen mixture), and
M2 panels (66.6% spruce/33.3% aspen mixture).

Figure 2b shows a similar result among the panels containing aspen. The aspen panels
(A) had the steepest profile compared to the 33.3% spruce/66.6% aspen mixture panels
(M1) and the 66.6% spruce/33.3% aspen mixture panels (M2), with a higher surface density
and lower core density. The difference in density between the surface and core layers of the
panels was slight with an increase in species wood density.

In general, a VDP with a higher core density and lower surface density can occur as
the species wood density increases.

3.2. Mechanical and Physical Properties of OSB Panels

The average values obtained for the properties of each panel type are presented in
Table 3 and will be discussed below.

Table 3. Average property values for each species group.

Panel Type 3
Panel Density (kg/m3) MOE (MPa) MOR (MPa)

IB (MPa) TS 24 h (%)
Target Actual Par 4 Per Par Per

O-2 - - 5500 1500 29.0 12.4 0.345 10.0

F 600 601
(3.6)

10,236 c 2

(8.5) 1
3760 b

(18.0)
67.2 c

(15.7)
29.1 b

(16.6)
0.506 b

(16.4)
16.0 a

(14.4)

A 600 614
(4.0)

10,067 bc

(6.5)
3418 ab

(14.1)
63.5 bc

(10.4)
28.2 b

(19.9)
0.537 ab

(15.3)
7.4 c

(15.0)

M1 600 642
(9.2)

10,004 bc

(6.0)
3309 ab

(16.6)
61.7 bc

(10.4)
26.0 ab

(5.1)
0.554 ab

(9.7)
8.1 c

(12.8)
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Table 3. Cont.

Panel Type 3
Panel Density (kg/m3) MOE (MPa) MOR (MPa)

IB (MPa) TS 24 h (%)
Target Actual Par 4 Per Par Per

M2 600 619
(6.9)

9153 abc

(10.7)
3092 ab

(11.3)
55.9 ab

(13.7)
25.0 ab

(11.8)
0.567 ab

(14.2)
11.4 b

(22.2)

S 600 616
(6.2)

9135 ab

(8.7)
2995 a

(14.1)
55.1 ab

(12.0)
24.5 ab

(13.5)
0.591 a

(15.0)
12.5 b

(19.2)

P 600 623
(9.2)

8119 a

(8.6)
2989 a

(11.5)
48.9 a

(10.0)
21.4 a

(18.3)
0.596 a

(15.6)
13.5 ab

(16.2)

1 Coefficient of variation (%) is given in parentheses. 2 Means with the same letter are not statistically different
according to Tukey’s test (α = 0.05). 3 F: balsam fir; A: trembling aspen; M1: 33.3% spruce/66.6% aspen mixture;
M2: 66.6% spruce/33.3% aspen mixture; S: black spruce; P: jack pine; O-2: Grade property requirements of the
standard CSA O437.0-93 class O-2. 4 Par: parallel; Per: perpendicular.

3.2.1. Bending Properties

The average values obtained for the bending properties of all types of OSB panels
were higher than those prescribed by the CSA O437.0–93 class O-2 standard. Regarding
all types of OSB panels, the OSB panel with the highest average MOEpar and MOEper
values was panel F at 10236 MPa and 3760 MPa, respectively. As expected, panel P had
the weakest average MOEpar and MOEper values at 8119 MPa and 2989 MPa, respectively.
The other four types of panels showed average MOE values between panel F and panel P,
which showed a decreasing trend with the increase of species wood density.

The results of the ANOVA and comparison of means (Tables 3 and 4) for OSB panels
made with different wood species strands showed a significant (p < 0.001) effect on the
MOEpar. However, non-significant differences (p = 0.071) were noted between panels P,
S, and M2. Non-significant differences were also noted between panels S, M2, M1, and A
(p = 0.133) and between panels M2, M1, A, and F (p = 0.052). The results of the statistical
analysis for OSB panels made with different wood species strands also showed a significant
(p < 0.010) effect on MOEper. In detail, non-significant differences (p = 0.429) were noted
between panels P, S, M2, M1, and A. Non-significant differences (p = 0.056) were also noted
between panels M2, M1, A, and F. Therefore, the MOEpar and MOEper of balsam fir panels
were significantly higher than those of black spruce and jack pine panels, but not different
than aspen panels.

Table 4. ANOVA procedure summary for the physical and mechanical properties.

Dependent Variable DF F Sig. 1

MOEpar
Between groups 5 9.71 <0.001
Within groups 48

Total 53

MOEper
Between groups 5 3.43 0.010
Within groups 48

Total 53

MORpar
Between groups 5 7.46 <0.001
Within groups 48

Total 53

MORper
Between groups 5 3.53 0.009
Within groups 48

Total 53

IB
Between groups 5 3.18 0.010
Within groups 102

Total 107

TS
Between groups 5 22.42 0.000
Within groups 30

Total 35
1 Significant difference, α = 0.05.
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As for the MOE, the highest average values for MORpar and MORper were obtained
for panel F with 67.2 MPa and 29.1 MPa, respectively (Table 3). The lowest average MORpar
and MORper values were obtained for panel P with 48.9 MPa and 21.4 MPa, respectively.
The MOR of the panels had a similar tendency with an increase in species wood density,
as for the MOE of the panels. For the average MORpar values, non-significant differences
(p = 0.344) were noted between panels P, S, and M2. Non-significant differences were noted
between panels S, M2, M1, and A (p = 0.161) and between panels M1, A, and F (p = 0.614).
For the average MORper values, non-significant differences were noted between panels P,
S, M2, and M1 (p = 0.265) and between panels S, M2, M1, A, and F (p = 0.243). Therefore,
the MORpar of balsam fir panels was significantly higher than the black spruce and jack
pine panels, but not different than the aspen panels. The MORper of balsam fir panels and
aspen panels was significantly higher than for the jack pine panels.

3.2.2. Internal Bond

According to Table 3, all average IB values obtained for the OSB panels were higher
than the CSA O437.0-93 class O-2 standard value. Although the panels made from lower-
density wood tended to obtain higher bending properties, it is obvious that the strongest
panels for bending property were the weakest for IB strength. Panel F showed the lowest
average IB value at 0.506 MPa (Table 3). Unsurprisingly, the average IB values of the
OSB panels showed a general upward trend as the species wood density increased. Panel
P showed the highest average IB value at 0.596 MPa. ANOVA (Table 4) also indicated
that the effect of the species wood density on the IB was significant (p = 0.010). Multiple
comparisons of means showed no significant differences (p = 0.221) between panels F, A,
M1, and M2. Non-significant differences (p = 0.247) were noted between panels A, M1, M2,
S, and P. Therefore, the IB of the balsam fir panels was significantly lower than the IB of the
black spruce and jack pine panels (Table 3).

3.2.3. Thickness Swelling after 24 h Water Immersion

Table 3 shows that panel F had the highest average TS value at 16.0%. For the panels
including aspen, the average TS value of panel A was the lowest at 7.4%. A decreasing
proportion of aspen strands in the mix-species panels resulted in an increase of TS. Panels S
and P showed average TS values of 12.5% and 13.5%, respectively. Multiple comparisons of
means, as shown in Table 3, indicated non-significant differences (p = 0.978) between panels
A and M1. Non-significant differences were noted between panels M2, S, and P (p = 0.279),
and between panels P and F (p = 0.147). Therefore, the TS of the balsam fir panels was
significantly higher than that of the other panel types. This could be explained by the
higher density of the surface layers of the balsam fir panels.

4. Discussion

The low-density species strands compress more easily with heat and pressure than
the higher density species strands. This results in a higher density difference between the
surface and core layers of the panel, and agrees with previous findings [6,12]. Softwoods,
such as balsam fir, black spruce, and jack pine, have different transverse compressibility at
high temperatures because of the difference in species wood density [33]. This difference is
reflected in the VDPs. The lower density of balsam fir compared to black spruce and jack
pine can contribute to compaction during hot pressing, even though the balsam fir strand
thickness was higher in this experiment. It can also explain why the balsam fir panels
have the steepest density profile with the lower density core layer. The aspen’s high wood
vessel proportion and homogeneous within ring density can explain its good transverse
compressibility. The latter is comparable to that of balsam fir.

Concerning the bending properties, the increase in MOE and MOR can be explained by
the higher density of the surface layers of the panels made from lower density species [34].
In essence, a given surface area of low-density wood strands occupies a higher volume than
that of the higher-density wood strands. Thus, lower density wood strands compacted
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during hot-pressing increases inter-particle contact because of the higher number of parti-
cles and the higher compression rate [35]. As a consequence of the high-density surface
layers, the low-density core layer of the OSB panels consists of many large voids free of
adhesive, because it is largely associated with the strands [36]. During hot pressing, the
heat can transfer by conduction to the core layer of the mat quicker with balsam fir strands
because of the higher compaction and therefore higher density of the surface layers. Thus,
the adhesive in the core layer cures more rapidly. In addition, the higher compaction of
the surface layers results in lower compaction of the core layer, contributing to keeping the
core-layer density low. Therefore, OSB panels with lower-density strands exhibit a lower
internal bond strength.

The swelling of the wood strands and the spring back effect affected the TS of the
OSB panels. The spring back effect played a primary role [37]. It involves additional
swelling due to the release of compressive stress induced during hot pressing [38]. Thus,
the balsam fir panels with a higher strand compression ratio showed a higher TS. Previous
research [31,39] indicates that more than 50 % of the total average TS occurred mainly in the
high-density surface layers. This shows that the surface-layer density strongly affects TS
and subsequently affects the whole sample TS. This could explain the TS results obtained
for the balsam fir panels in the current study. However, layer density is not the only factor
that results in differential layer TS in OSB panels. The porosity of the core layer can also
play an important role in water absorption and, as a result, in TS.

A diffuse-porous hardwood species such as aspen, with a relatively low density,
homogeneous cell structure, and a high volume of vessels in its wood structure, can
be compressed uniformly. The spring back effect during water immersion would be
less for aspen than for a softwood species, such as black spruce and jack pine, with a
relatively high density, non-uniform cell structure, and density variation within the growth
rings [6]. Therefore, the jack pine and black spruce panels exhibited a higher TS than the
aspen panels.

5. Conclusions

This study assessed the feasibility of producing OSB from balsam fir, black spruce,
and jack pine to explore new ways of reclaiming softwood lumber residues and to alleviate
the surplus chips produced by the softwood lumber industry. Balsam fir, black spruce,
and jack pine are suitable to manufacture OSB with physical and mechanical properties
exceeding the standard requirements except for thickness swelling. For OSB panels made
from balsam fir, black spruce, and jack pine, the thickness swelling might be reduced by
decreasing the panel surface layer density. This can be achieved by fine-tuning the pressing
strategy or mixing aspen strands with the softwood strands in the surface layers. Further
work is required to meet all of the standard requirements.
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