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1  Introduction

Norway spruce (Picea abies L. Karst) is one of the most 
widespread conifers in central Europe and also one of the 
most economically and ecologically important trees in the 
region. It accounts for 50% of the forest area of the Czech 
Republic, though its natural territory is only 11%; it typi-
cally favours higher altitudes—for example, in the Euro-
pean Alps (Čermák et al. 2021). Forestry has significantly 
expanded the range of spruce into natural broadleaved for-
est areas at low altitude in middle Europe; now only 20% of 
spruce trees are growing within their natural range (Klimo 
et al. 2000). Yet, the sustainability of spruce in its current 
range is being reduced by climate change and the effects of 
bark beetle (Schlyter et al. 2006) and this is driving changes 
in forestry, with different management approaches and dif-
ferent species cultivated (Neuner et al. 2015).

European forests volumetrically comprise 29.6% pine 
(Pinus), 23.0% spruce (Picea), 11.9% beech (Fagus), 10.0% 
oak (Quercus), 6.6% birch (Betula), 3.2% fir (Abies) and 
15.7% other species (Köhl et al. 2020), a list that suggests 
potential for species currently underutilised in wood-based 
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The composition of manufactured wood-based boards is influenced by variations in the availability of input materials 
caused by changes in forestry practice. The effect of substituting the ubiquitous Norway spruce (Picea abies L. Karst) was 
studied in manufacturing single-layer oriented-strand boards (OSBs) with larch (Larix decidua), alder (Alnus glutinosa (L.) 
Gaertn.) and birch (Betula pendula) at compositions of 10, 15 and 20%. The boards with 3% pMDI resin and 0.5% wax 
were made and their standard physical, mechanical and thermophysical properties were measured. Strands made from the 
broadleaf wood species (alder and birch) were wider than those from spruce, and lower wood density was associated with 
a higher slenderness ratio. The slenderness and flatness ratios of alder strands were 9.6% and 33.3% higher than those 
of spruce, 54.2% and 100.0% higher than those of larch, and 45.1% and 44.0% higher than those of birch. Substituting 
10–20% of spruce strands with larch, alder, or birch improved the dimensional stability and mechanical properties of the 
boards. All boards met the EN 300 (for OSB/3) requirements for bending strength, internal bond strength, and thickness 
swelling, whereas modulus of elasticity values met the standard in all cases except for boards containing 15% alder. Alder 
and larch are the most suitable alternative species for replacing spruce. The higher internal bond strength observed in 
mixed-species boards indicates potential for reducing adhesive consumption in OSB production.

Received: 24 August 2025 / Accepted: 10 March 2026 / Published online: 30 April 2026
© The Author(s) 2026

Substituting spruce with larch, alder and birch in strand board 
manufacture

Tomáš Pipíška1 · Pavlo Bekhta1,2 · Jozef Ráheľ1 · Marek Nociar1 · Michal Šulák1 · Pavel Král1 · Roman Réh3 · 
Rastislav Igaz4 · Ľuboš Krišťák4 · Miroslav Jopek5

1 3

https://doi.org/10.1007/s00107-026-02409-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s00107-026-02409-1&domain=pdf&date_stamp=2026-4-20


European Journal of Wood and Wood Products (2026) 84:63

composite manufacture (Beck et al. 2009). OSB manufac-
ture typically uses wood of only one species. In the Czech 
Republic this is often Norway spruce while in the USA it 
tends to be southern yellow pine (Pinus echinata) in the 
southern states and aspen (Populus tremuloides) in the 
north. The decision is an economic one, influenced by the 
availability of species close to the mill.

Oriented-strand board global production has seen recent 
growth. In the last 20 years, output has risen from 25.0 mil-
lion m3 in 2003 to 41.7 million m3 in 2023 (Food and Agri-
culture Organization of the United Nations 2024). This 
increase in demand, accompanied by changes in forestry dis-
cussed above, has resulted in the Czech Republic in a short-
age of spruce wood and a consequent impact on its price 
(Jandl 2020), creating opportunities for other wood species 
in OSB production. However, the addition of another wood 
species to the commonly used spruce could cause produc-
tivity problems due to the quality of the strands, the propor-
tion of fine particles, the consumption of resin and so on.

A number of wood species for the production of OSBs 
was considered: Moso bamboo (Phyllostachys pubescens) 
(Sun et al. 2021), Betung bamboo (Dendrocalamus asper 
(Schultes.f)) (Febrianto et al. 2012), palm (Khoo et al. 2008; 
Ibrahim et al. 2022), western juniper (Juniperus occidenta-
lis) (Pipíška et al. 2021), trembling aspen (Populus tremuloi-
des) (Beck et al. 2009, 2010; Jin et al. 2009), different types 
of pine: Scots pine (Pinus sylvestris) (Ciobanu et al. 2014; 
Akyildiz et al. 2018; Lunguleasa et al. 2021), Loblolly pine 
(Pinus taeda L.) (Okino et al. 2004; Chiromito et al. 2016), 
jack pine (Pinus banksiana) (Zhuang et al. 2022) and black 
pine (Pinus nigra A.) (Akyildiz et al. 2018), fast-growing 
poplar (Populus tremula) (Ciobanu et al. 2014; Akrami et 
al. 2014, 2015; Dumitrascu et al. 2020; Lunguleasa et al. 
2021), willow (Salix alba) (Ciobanu et al. 2014; Dumitrascu 
et al. 2020; Lunguleasa et al. 2021), kiri (Paulownia tomen-
tosa) (Pham Van et al. 2021), fir (Abies alba) (Ciobanu et al. 
2014; Akyildiz et al. 2018), beech (Fagus sylvatica) (Cio-
banu et al. 2014; Akrami et al. 2014, 2015; Pham Van et al. 
2021), balsam fir (Abies balsamea) (Zhuang et al. 2022) and 
black spruce (Picea mariana (Mill.)) (Zhuang et al. 2022).

A limited number of studies have been published on OSB 
production using larch (Larix decidua), alder (Alnus gluti-
nosa (L.) Gaertn.) or birch (Betula pendula). In the work of 
Pipíška et al. (2024), juvenile wood from nine underutilised 
European wood species, including larch, alder and birch, 
were compared with Norway spruce in single-species OSB 
panels. Their comparison showed that almost all alterna-
tive woods exhibited less thickness swelling, most notably 
larch OSB, which swelled only 12.0% compared to 25.4% 
for spruce OSB. However, all wood species tested achieved 
a lower modulus of elasticity (MOE) and modulus of rup-
ture (MOR) than those of spruce. Alder’s relatively strong 

performance was linked to its longer strand length (107 mm 
versus 83 mm for spruce). Beck et al. (2009, 2010) similarly 
demonstrated that paper birch (Betula papyrifera) OSB 
panels benefited from increased strand length and yielded 
greater MOE and MOR. In a further comparison of birch 
(Betula pendula Roth.), willow (Salix alba L.) and poplar 
(Populus tremula L.), Dumitrascu et al. (2020) reported the 
highest MOE values for birch panels—5665 MPa parallel 
and 4597 MPa perpendicular to the strand orientation.

By substituting only a proportion of spruce strands with 
alternative wood species, it may be possible to improve 
some particular characteristics of an OSB without sacri-
ficing its overall mechanical performance. For example, a 
mixture of aspen and birch strands with different vertical 
density profiles showed a 10% improvement in the bend-
ing (MOE) of a strand board (Jin et al. 2009). A mixture of 
strands, including 50% softwoods (spruce, fir, pine, larch), 
25% beech and 25% low-density hardwood species (pop-
lar, birch, willow, alder), was manufactured with different 
pressing parameters on an industrial continuous press (Cio-
banu et al. 2014). Yet, studies on partial replacement – par-
ticularly involving larch, alder and birch—remain limited, 
despite these species’ potential for future OSBs production 
in Central Europe. To address this deficiency, it was set 
out to investigate systematically the effects of substituting 
spruce strands with different proportions of larch, alder and 
birch on the resulting OSBs’ physical, mechanical and, cru-
cially, thermophysical properties.

2  Materials and methods

2.1  Materials

Juvenile logs (25–35 years old) were cut at the Habrůvka 
Forest District of the University Forest Enterprise, Mendel 
University in Brno with a diameter in the range of 100–
150 mm from European larch (Larix decidua) – coded EL; 
alder (Alnus glutinosa (L.) Gaertn.) – coded AR; and birch 
(Betula pendula) – coded BI were split in half (for more 
accurate parallel orientation to the knife during the disinte-
gration process) and cut to a length of 120 mm (the length 
of the final strands). All materials were immediately disin-
tegrated into strands using a knife ring flaker (Maier MSF 
1400, Dieffenbacher-CZ s.r.o., Czech Republic). Spruce 
strands were taken from standard production of OSBs in 
Kronospan, Jihlava (Czech Republic). The strands were 
dried in a kiln at 80 °C until they reached a moisture content 
(MC) of 4% ± 1%.

Polymeric 4,4-diphenyl methane diisocyanate (pMDI) 
resin (Ongronat® WO 2750; BorsodChem Zrt., Hungary) 
with a solid content of 100% and viscosity of 170–230 mPa∙s, 
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was used to resinate the strands. A water-based paraffin 
wax emulsion (SVH 60; Dřevozpracující družstvo, Czech 
Republic) with a solid content of 60 ± 2% and a viscosity of 
approximately 24 mPa.s was also used.

2.2  Specimen manufacturing

Panels in which spruce strands were replaced with 10, 15 and 
20% of larch, alder and birch strands were made (Table 1). 
For comparison, reference panels with only spruce strands 
were made. In total, this resulted in ten groups of panels. 
To produce single-layer OSBs, 3% pMDI resin by weight 
and 0.5% wax were used to resinate the strands. The resin 
was sprayed with an EL-4 model spinning disk atomiser 
(Coil Manufacturing, Surrey, BC, Canada) at a speed of 
10,000 rpm. Three 12-mm thick panels with a target density 
of 600 kg/m3 and dimensions of 600 mm × 600 mm were 
made for each group. The OSB panels were formed without 
any attempt to orient the strands. The panels were pressed at 
a pressure of 3.5 MPa and a temperature of 180 °C with 30 s 
of closing, 240 s in position and 80 s to vent with a continu-
ous decrease in pressure.

2.3  Testing procedures

2.3.1  Dimensions of strands

Wooden blocks (made from logs) were measured, and the 
density of the raw material calculated. After strand manu-
facturing, all dimensions (thickness, width and length) were 
measured on 50 strands.

The specific surface values of the strands were calculated 
according to Moslemi (1974):

Ss =
2

t · ρ

where Ss is the specific surface (m2/kg), t is the thickness 
of the strand (m) and ⍴ is the oven-dry wood density in the 
oven (kg/m3).

The slenderness ratio (SR) is defined as the dimensionless 
ratio of the length and thickness of the strands and reflects 
the quality of the strands. Slenderness ratio is calculated 
according to Moslemi (1974):

SR = l

t

where l is the strand length (mm) and t is the strand thick-
ness (mm).

The flatness ratio (FR) is defined as the dimensionless 
ratio of the width and thickness of the strands and is calcu-
lated according to Moslemi (1974):

FR = b

t

where b is the strand width (mm) and t is the strand thick-
ness (mm).

2.3.2  Water contact angle measurement

Changes in the wettability of wood surfaces were deter-
mined by measuring the static contact angle using the 
sessile drop method. The evolution of the contact angle 
between a drop of deionised water and the test sample was 
tracked at intervals from the point at which the drop was laid 
on the surface (time steps of 5 s). Twelve sessile drops of 
2 μl volume were used for the wettability evaluation of each 
wood species. A contact angle goniometer of SEE System 
E (Advex Instruments, Brno, Czech Republic) was used for 
the measurements.

2.3.3  Density and density profile

The density EN 323 (1994) was determined on five specimens 
cut from each panel (three panels for each group). Density 
profiles were measured on three 50 mm × 50 mm × 12 mm 
specimens cut from each panel. Density profiles were 
obtained at intervals of 0.05 mm through the sample thick-
ness using an X-ray density profile analyser (DPX300-LTE, 
IMAL, Italy), from which the average density profile was 
calculated.

2.3.4  Wood-water relations

Moisture content (MC) (EN 322 1993) was determined 
on 15 specimens for each group with dimensions of 
50 mm × 50 mm. Thickness swelling (TS) (EN 317 1996) 

Table 1  Manufacturing parameters of the strand boards produced for 
this study
Code of boards Proportion of strands (wt. %)

Spruce Larch Alder Birch
NS* 100 – – –
EL 10 90 10 – –
EL 15 85 15 – –
EL 20 80 20 – –
AR 10 90 – 10 –
AR 15 85 – 15 –
AR 20 80 – 20 –
BI 10 90 – – 10
BI 15 85 – – 15
BI 20 80 – – 20
*Reference board

1 3

Page 3 of 12  63



European Journal of Wood and Wood Products (2026) 84:63

2.4  Statistical analysis

The data were processed in Statistica 10 software (StatSoft 
Inc., USA) and evaluated using a one-factor analysis of 
variance (Anova), completed with Tukey's honest signifi-
cance test (HSD test).

3  Results and discussion

3.1  Dimensions of strands

Sieve analysis (Fig.  1) revealed the relative distribution 
of the size fractions of strands made from the wood spe-
cies under test. As shown in Fig. 1, larch, alder and birch 
produced a higher proportion of large strands (fraction 
over 20 mm) and a lower proportion of fine strands (frac-
tions < 1 mm) than spruce wood. The results of the strand 
measurements are presented in Table  2, which includes 
the dimensions (length, width and thickness), slenderness 
ratio (SR) and flatness ratio (FR) of the samples. Significant 
differences in strand size and aspect ratios were observed 
among the wood species. On average, alder wood strands 
were shorter and thinner than spruce, whereas larch and 
birch strands were longer and thicker. Alder, larch and birch 
strands were wider than those of spruce. The same equip-
ment and identical disintegration process parameters were 
used to produce strands from all wood species. Therefore, 
the observed differences in strand size, geometry, and par-
ticle size distribution are not attributable to variations in the 
disintegration process or equipment. Instead, these differ-
ences are most likely related to inherent species-specific 
characteristics, such as variations in wood density, mor-
phological structure and mechanical performance, which 
influence strand formation behavior. The SR and FR values 
of alder strands were 9.6% and 33.3% higher than spruce; 
54.2% and 100.0% higher than larch; and 45.1% and 44.0% 
higher than birch, respectively. These differences in strand 
geometry may significantly influence the mechanical per-
formance of the manufactured boards, particularly their 
bending strength. Therefore, it can be anticipated that sub-
stituting spruce with alder may lead to an improvement in 
the bending strength of the boards.

Considering the geometry and wetting properties of the 
wood strands, alder appears to be the most comparable with 
spruce. Alder showed similar wetting behaviour (Fig. 2) and 
had a nearly identical density to spruce. From a technologi-
cal viewpoint, substituting spruce with alder would require 
minimal adjustments, as the mass of alder strands required 
to achieve a given board density would be effectively the 
same as that of spruce strands.

and water absorption (WA) were measured on specimens 
with dimensions 50 × 50 mm2, after 24, 48 and 168  h of 
immersion in water.

TS (%) and WA (%) were calculated according to the fol-
lowing formulae:

TS = t2 − t1
t1

· 100

WA = m2 −m1

m1
· 100

where t1 and m1—thickness (mm) and weight (g) of the test 
piece before immersion; and t2 and m2—thickness (mm) and 
weight (g) of the test piece after immersion.

2.3.5  Mechanical properties

Mechanical testing was carried out using a Zwick® Z050 
universal testing machine with testXpert v11.02 software 
and a 50 kN load cell (Zwick GmbH & Co. KG, Ulm, Ger-
many). Three-point bending tests (EN 310 1993) were per-
formed to determine the MOE and MOR of five specimens 
cut from each panel (three panels for each group), having 
dimensions of 290 mm × 50 mm, with a span of 240 mm. 
Internal bond (IB) strength was determined according to the 
EN 319 (1993) standard on 15 specimens for each group 
with dimensions 50 mm × 50 mm.

2.3.6  Thermophysical properties

Thermal conductivity, thermal diffusivity and specific heat 
capacity were measured by the pulse transient method 
(PTM), using RTB 1.02, a thermophysical tester devel-
oped at the Slovak Academy of Sciences (Štofanik et al. 
2007). Twelve samples of each group were used for the 
thermal properties measurement. The samples were cut to 
dimensions of 100 × 100 × 12 mm3. The pair of samples 
was clamped between two copper heat exchange plates. A 
thin plane heat source made from flexible nickel foil sand-
wiched between the wooden samples was used to generate 
the heat pulse. The time-dependent thermal response was 
recorded by thermocouples situated on the opposite sides 
of the test sample. Three repeated measurements were 
taken on each pair with the thermocouple at different loca-
tions on the sample surface, thus removing the effect of 
surface irregularities. The whole setup was housed inside 
a thermostat chamber (Lauda RK20), which stabilised the 
temperature with an accuracy of ± 0.02 K. Measurements 
were taken in the normal laboratory atmosphere (there was 
no vacuum).
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difference between the densities of the boards made from 
spruce (reference) and any mixture of larch, alder or birch 
with spruce. The higher average density of the panels was 
mainly observed in the larch and birch, which may have 
been caused by the higher density of the wood and the easier 
densification of the strands of these wood species.

Large relative standard deviations in strand board den-
sities (4–6%) can be attributed to both natural variance of 
wood material and the insufficient size of the tested speci-
men (50 × 50 mm2) with respect to the small number of 
substituted strands. The small size of the test specimen 
increases the variance of the average number of substituted 
strands expected to be found in the cut specimen. According 
to our simple statistical analysis, for a single cut specimen, 
the variance of substituted strands can be as much as 50%. 
For a more precise analysis of OSB with mixed wood strand 
content, it would be advisable to measure density on larger 
volume samples. It was adopted a statistical averaging by 
measuring five specimens cut from the same board.

The measured vertical density profiles (VDPs) of the 
boards produced were consistent with Kelly (1977), with the 

Larch strands had less favourable geometric characteris-
tics than spruce and alder; however, they had better wetting 
performance than the other species (Fig. 2). This enhanced 
wettability partially compensates for the inferior geom-
etry. Furthermore, the density of larch was comparable to 
that of spruce and alder, supporting its potential use as an 
alternative. In contrast, birch strands showed less favour-
able geometry but better wetting behaviour than spruce 
and comparable with alder (Fig. 2). Its higher density also 
resulted in reduced compressibility of the strand mat and 
inferior inter-strand contact during board formation. Con-
sequently, when targeting the same board density, a lower 
mass of birch strands would be required, which may affect 
the properties of the resulting board.

3.2  Density and density profile

The final mean density of the strand boards group ranged 
from 615 kg/m3 for AR 20 to 694 kg/m3 for EL 15 (Table 3). 
The target density was 600 kg/m3 and all average densities 
exceeded this value. However, there was no significant 

Table 2  Average strand dimensions
Wood species Thickness (mm) Width (mm) Length (mm) Slenderness ratio Flatness ratio Specific surface (m2/kg)
Norway spruce (NS)* 0.63 (0.20) 16.8 (8.4) 85 (27) 135 27 8.1
European larch (EL) 1.03 (0.46) 18.2 (11.5) 99 (29) 96 18 4.1
Alder (AR) 0.56 (0.15) 20.4 (12.1) 83 (26) 148 36 8.8
Birch (BI) 0.97 (0.52) 24.4 (14.0) 99 (24) 102 25 4.1
* Reference. Numbers in parentheses represent the standard deviation

Fig. 1  Sieve analysis – percentage representation of spruce, larch, alder and birch strands
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3.3  Wood–water interaction

The TS values after 24, 48 and 168 h of immersion for strand 
boards made by replacing spruce strands with larch, alder 
and birch strands were consistent except for AR 20 (Table 4). 
Similar trends between the groups were observed after 24, 
48 and 168 h of immersion. After 24 h of immersion, the TS 
values for the AR 15 and AR 20 panels met the 15% mini-
mum requirement of the European standard EN 300 (2006) 
for OSB/3. The inclusion of less than 20% of larch, alder or 
birch strands in the strand board did not influence the TS. 
Pipíška et al. (2024) observed that strand boards made of 
100% larch, alder and birch showed lower average values 
for TS after 24 and 48 h compared to spruce strand boards; 
however, only larch panels swelled less than spruce.

Similarly, the only significant difference in average WA 
values after 24, 48 and 168  h of immersion was shown 
by the decrease in AR 20 and increase in BI 15 (Table 5). 
After 48 h, alder strand boards showed lower average WA 
than the reference panels which may have been caused 
by the speed of the water absorption of alder wood. It is 
possible to claim the same conclusion as for TS, that the 
replacement of less than 20% of strands with larch, alder 
or birch does not influence the WA. Pipíška et al. (2024) 
observed on the 100% panels made out of the larch, alder 
and birch that only larch absorbs significantly less water 
than spruce strand board.

typical U shape in which higher densities are in the face lay-
ers and lower density is in the core layer (Fig. 3). Neverthe-
less, as shown in Table 3, the average densities of all panels 
did not differ significantly. Panels with 15% of larch, alder 
and birch showed lower surface density in VDPs. Beck et 
al. (2010) showed the VDP of paper birch OSB without high 
peaks on the surfaces of the panels, which was influenced by 
the pressing parameters.

Table 3  Physical properties of strand boards
Code of 
boards

Density of 
raw material 
(kg/m3)

Density (kg/m3) Moisture 
content (%)

NS* 392 (12) 650 (27) A, B, C 9.7 (0.1) B, 
C, D

EL 10 667 (39) B, C 9.3 (0.2) A
EL 15 470 (37) 694 (21) C 9.5 (0.1) A, B
EL 20 661 (39) A, B, C 9.6 (0.1) B
AR 10 630 (26) A, B 9.6 (0.3) B
AR 15 407 (33) 668 (35) B, C 9.6 (0.1) B
AR 20 615 (33) A 9.7 (0.3) B, C
BI 10 650 (32) A, B, C 10.0 (0.3) E
BI 15 509 (23) 655 (36) A, B, C 10.0 (0.1) D, E
BI 20 667 (40) B, C 9.9 (0.2) C, 

D, E
*Reference. Means with the same letter in the column do not differ 
statistically by the Tukey test (α = 0.05). Numbers in parentheses rep-
resent the standard deviation

Fig. 2  Contact angle 
measurement
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spruce strands (Figs. 4 and 5). The highest MOR value of 
28.4 MPa was found for panels with 10% of birch (BI 10) 
and the lowest value, 20.8 MPa, was observed on the panels 
with 15% of alder (AR 15) (Fig. 4). Although higher panel 
density is generally associated with higher MOR, the dif-
ferences observed in this study did not follow this trend, as 
panels with lower density did not consistently exhibit lower 
MOR values. The lower MOR of the specimen AR 15 may 
have been caused by the lower surface densities shown at 
VDP on these specimens. A generally similar trend in changes 
in the average values of MOR and MOE was observed. The 
lowest value of MOE (3400 MPa) was observed for AR 15 
and the highest (4415 MPa) for EL 15 (Fig. 5). All aver-
age MOR values exceeded the minimum requirements of 
20 MPa specified in EN 300 (2006) for OSB/3. All average 
MOE values, except for AR 15 (3400 MPa), exceeded the 
minimum requirements of 3,500  MPa for OSB/3 EN 300 
(2006).

Dumitrascu et al. (2020), examining birch OSBs, found 
MOR average values of 33 and 36 MPa (perpendicular and 

3.4  Mechanical properties of panels

Strand boards produced by replacing spruce strands with 
larch, alder and birch exhibited the same average MOR and 
MOE values as the reference samples made from 100% 

Table 4  Thickness swelling of strand boards
Code of boards TS 24 h (%) TS 48 h (%) TS 168 h (%)
NS* 17.6 (3.9) B 22.6 (4.1) B 27.6 (4.9) A, B
EL 10 15.8 (3.9) B 24.0 (3.3) B 27.1 (3.6) A, B
EL 15 15.9 (3.6) B 26.0 (3.4) B 31.3 (4.7) B
EL 20 15.1 (4.1) B 23.1 (2.8) B 29.7 (4.1) A, B
AR 10 16.5 (3.8) B 23.5 (2.7) B 31.0 (4.4) B
AR 15 14.3 (2.9) B 22.4 (3.1) B 28.4 (3.7) A, B
AR 20 9.9 (1.4) A 17.7 (2.2) A 25.8 (3.2) A
BI 10 16.6 (3.7) B 24.0 (2.6) B 29.0 (3.3) A, B
BI 15 17.0 (3.3) B 22.8 (2.0) B 29.5 (3.4) A, B
BI 20 16.0 (3.0) B 24.3 (3.3) B 31.9 (4.1) B
*Reference. Means with the same letter in the column do not differ 
statistically by the Tukey test (α = 0.05). The numbers in parentheses 
represent the standard deviation

Fig. 3  Vertical density profile for strand boards in which spruce strands are replaced by those of larch (a), alder (b) and birch (c) in varying 
proportions
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(NS) to 0.70 MPa for the ones made from 20% alder (AR 
20). These results show that the use of strands with higher 
density led to higher IB values than the reference panels 
made from 100% spruce strands. The IB values of all panels 
met the standard requirements, and showed adequate bond-
ing between different wood species and spruce strands. All 
boards met the European standard EN 300 (2006) OSB/3 
requirement of 0.32 MPa.

Beck et al. (2009) found higher values of IB ranging from 
0.70 to 0.82 MPa in birch oriented strand lumber, where the 
density was 650 kg/m3. The IB of birch panels ranging from 
0.53 to 0.60 MPa is comparable to the other study of OSBs 
made from paper birch, which reported average values from 
0.45 to 0.68 MPa, varying with the amount of resin used 
(Beck et al. 2010). Average IB strength values in a study 
by Pipíška et al. (2024) of 100% larch, alder and birch pan-
els were higher than 0.6 MPa, partially corresponding with 
our results, especially for larch and alder. However, when it 
comes to birch strand boards, it seems that more than 20% 
birch should be used to improve IB values.

3.5  Thermophysical properties

OSB is a structurally engineered wood product character-
ised by its heterogeneous internal structure, pronounced 
inhomogeneity and elevated surface porosity, including 
variable surface texture; all of these properties significantly 
influence its thermophysical behaviour (Sugahara et al. 
2022; Núñez-Decap et al. 2025). In the present study, the 

parallel direction), which is higher than the values in this 
study, which ranged from 22 to 28 MPa according to the 
proportion of birch strands. In the same study, MOE reached 
4597 and 5665 MPa (perpendicular and parallel direction), 
which is also higher than the values in this study of 3682 to 
4328 MPa according to the proportion of birch. In the study, 
Dumitrascu et al. (2020), made 100% birch OSBs, which 
may have caused the differences in the MOR and MOE.

Higher average IB values were observed in boards made 
from 10–20% larch, alder and birch (Fig. 6). The average 
IB values ranged from 0.41 MPa for the reference panels 

Fig. 4  Bending strength (MOR) 
of strand boards made by replac-
ing spruce

 

Table 5  Water absorption of strand boards
Code of 
boards

WA 24 h (%) WA 48 h (%) WA 168 h 
(%)

NS* 43.2 (4.4) B, C 67.1 (6.5) D, E 92.0 (5.9) A
EL 10 42.6 (5.0) B, C 59.7 (5.7) B, C, D 95.1 (6.6) A
EL 15 46.6 (7.6) B, 

C, D
65.8 (8.9) C, D, E 98.8 (8.8) A

EL 20 41.5 (5.8) B, C 59.4 (8.4) B, C, D 93.4 (7.6) A
AR 10 40.0 (4.3) A, B 52.9 (4.8) A, B 92.0 (6.3) A
AR 15 41.2 (3.4) A, B, C 57.0 (5.4) A, B, C 96.5 (5.7) A
AR 20 32.8 (3.6) A 49.4 (5.3) A 89.1 (6.4) A
BI 10 49.5 (7.8) C, D 66.9 (7.6) D, E 99.1 (8.5) A
BI 15 54.3 (11.4) D 70.6 (11.4) E 97.7 (12.3) 

A
BI 20 48.6 (9.7) B, 

C, D
64.5 (9.1) C, D, E 91.5 (9.3) A

* Reference. Means with the same letter in the column do not differ 
statistically by the Tukey test (α = 0.05). The numbers in parentheses 
represent the standard deviation
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the reference (p < 0.05). However, absolute λ differences 
were very small (~ 0.01 W/m·K) in our study. For context, 
a typical OSB (around 650  kg/m3) has λ ≈ 0.130 W/m·K, 
and the literature reports values of approximately 0.13 to 
0.17 W/m·K depending on the method of processing. Thus, 
the observed difference of ~ 0.01 W/m·K corresponds only 

inherent heterogeneous nature of standard OSB was further 
enhanced by partially substituting spruce with particles of 
higher density. The impact of this on the final thermophysi-
cal properties of the boards is summarised in Table 6.

Only the AR 15, AR 20 and BI 20 samples showed a sta-
tistically significantly higher thermal conductivity λ than 

Fig. 5  Modulus of elasticity 
(MOE) of strand boards made by 
replacing spruce

 

Fig. 6  Internal bond (IB) of 
strand boards made by replacing 
spruce
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There is a potential to decrease WA in OSBs by incorpo-
rating more alder wood. At the same time, the TS of boards 
made with larch, alder or birch strands was no greater than 
spruce boards.

The higher values of IB shows potential for reducing 
the amount of resin used in making OSBs by incorporating 
higher density strands.

Replacing less than 20% of spruce strands with larch, 
alder or birch strands had no influence on the physical and 
mechanical properties of the resulting boards. Our general 
conclusion is that it is possible to replace a smaller amount 
of spruce strands with other wood species without any 
negative impact on the final properties of the panels. Based 
on our results, it was hypothesised that more high-density 
strands can reduce the need for adhesive in making panels.

Based on a comprehensive assessment of strand geom-
etry and wettability and the resulting board properties, the 
suitability of alternative wood species to replace spruce can 
be ranked as follows: alder, followed by larch and birch 
(alternatively, larch, followed by alder and birch), depend-
ing on the relative importance assigned to each parameter.
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to 1/4 variability of λ between OSBs. Neither did the ther-
mal diffusivity α show any statistically significant difference 
between groups. This was expected, since α = λ/(ρ.cp) and 
our small λ changes (and compensating density/cp changes) 
yielded negligible variation. In the literature, α for wood-
based composites is generally reported as insensitive to 
modest density/moisture differences.

On the other hand, modified OSB groups gave higher 
numbers for specific heat capacity cp than the reference. 
The higher cp was statistically significant (p < 0.05) for all 
groups, except for AR 10 and AR 20, where the variance 
of the measured data was too high. The modestly higher 
specific heat is advantageous for thermal performance 
when boards are used in timber construction. Materials with 
higher cp can store more heat per unit mass (Sulttan et al. 
2024). The greater heat capacity in our boards means they 
had slightly greater thermal inertia: they would absorb or 
release more heat for a given temperature change (Araya 
Olguin 2021). This improved heat storage can help stabilise 
indoor temperatures and buffer thermal fluctuations. Thus, 
the greater cp observed, though only slightly so, represents 
a beneficial side effect of using denser wood strands in OSB 
composition.

4  Conclusion

Strands made out of broadleaf wood species (alder, birch) 
are wider than spruce and larch, which can improve their 
bending properties and usability. A negative relationship 
between the density of the raw material and the slenderness 
ratio of strands was found.

Table 6  Thermophysical properties of strand boards made by replac-
ing spruce
Code of 
boards

Thermal conductiv-
ity λ [W/(m·K)]

Thermal diffu-
sivity α (mm2/s)

Specific heat 
capacity cp
[J/(kg·K)]

NS* 0.123 (0.005) A, B 1.40 (0.07) A 1,375 (58) A
EL 10 0.131 (0.004) C, D 1.40 (0.05) A 1,456 (26) B
EL 15 0.130 (0.007) C, D 1.37 (0.03) A 1,475 (23) B
EL 20 0.130 (0.003) C, D 1.39 (0.03) A 1,467 (37) B
AR 10 0.122 (0.005) A 1.37 (0.03) A 1,433 (47) A, B
AR 15 0.135 (0.003) D 1.36 (0.08) A 1,442 (68) A, B
AR 20 0.129 (0.003) B, 

C, D
1.36 (0.04) A 1,429 (41) B

BI 10 0.126 (0.004) A, 
B, C

1.37 (0.04) A 1,458 (32) B

BI 15 0.131 (0.003) C, D 1.38 (0.06) A 1,464 (49) B
BI 20 0.133 (0.006) D 1.39 (0.04) A 1,457 (33) B
*Reference. Means with the same letter in the column do not differ 
statistically by the Tukey test (α = 0.05). The numbers in parentheses 
represent the standard deviation
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