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Featured Application 

The results of the investigation presented in this article are directly applicable to compa-

nies intending to produce Oriented Strand Lumber out of Hungarian hybrid and/or in-

digenous poplar raw material. 

Abstract 

Strand-based structural products offer an excellent alternative material for wood-based 

construction, which can be produced from low-quality raw materials. Indigenous poplar 

is becoming an increasingly important raw material, but its industrial utilization requires 

a new approach due to its unfavorable growth characteristics. The study introduced in 

this paper was aimed at developing Oriented Structural Lumber (OSL) from Hungarian 

poplar and comparing the potential of indigenous vs. hybrid poplar materials. Labora-

tory-scale (400 × 400 × 30 mm) OSL was produced, first to find viable manufacturing pa-

rameters for poplar OSL based on modulus of rupture (MOR), internal bond strength, and 

thickness swelling, and then to compare a wide range of mechanical and physical charac-

teristics of OSL made of the two types of poplar. The first part of the study showed that a 

resin content of 3.4%, 650 kg/m3 target density, and 750 s of pressing time gave the best 

results for producing 30 mm thick OSL in laboratory conditions. The produced boards 

were comparable to softwood and bamboo OSL developed in earlier studies, and their 

performance was comparable to a higher grade of structural lumber (C35) in terms of 

density and MOR, as measured on small laboratory-scale specimens. There were only mi-

nor differences in in-plane and out-of-plane compression and tension between indigenous 

and hybrid poplar boards. Hybrid poplar performed better in terms of bending, but in-

digenous poplar had significantly higher screw withdrawal resistance, and lower thick-

ness swelling and water absorption. Overall, poplar OSL is promising as a potential new 

product, and indigenous poplar can be used to replace hybrid poplar in this application 

without a decline in mechanical and physical performance. 
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1. Introduction 

Strand-based structural materials such as Oriented Strand Board (OSB), Laminated 

Strand Lumber (LSL), and Oriented Strand Lumber (OSL) are high-value-added products. 

They are useful for creating valuable, high-strength load-bearing elements out of rela-

tively low-quality raw materials that cannot directly yield high-value structural lumber 

or technical veneer. OSB is a panel-type product with densities of 600 to 700 kg/m3, pro-

duced by cross-laminating strands of approx. 12–15 cm in length, and is typically used as 

sheathing for lightframe structures. OSL is made of the same types of strands, but all 

strands are oriented in the same direction, resulting in a product similar to lumber, used 

in the same applications. Its density is slightly higher than that of OSB. LSL is similar to 

OSL but made of longer strands (typically 30 cm in length), which results in an even 

stronger product, useful in more demanding applications (e.g., large span beams, I-beam 

flanges). One common advantage of all three materials is that the production of strands 

does not require high-quality, straight, and large-diameter defect-free logs, and the tech-

nology yields a high-strength, high-quality end product. 

Hungarian forests consist of approx. 85% deciduous trees. In addition to high-density 

species like beech, oak, and black locust, there are large areas of low-density poplars (Pop-

ulus spp.) Due to their proclivity to hybridization, they are prone to form natural hybrids 

and lend themselves to artificial hybridization as well. Indigenous species in Hungary 

include white and black poplar (Populus alba and Populus nigra), aspen (Populus Tremula), 

as well as grey poplar (Populus  canescens), a frequently occurring natural hybrid of white 

poplar and aspen. These species are well adapted to the Hungarian climate and sites and 

are more drought resistant, but their growth characteristics, appearance, and physical and 

mechanical characteristics are generally regarded as inferior to hybrid poplars [1]. 

Central Europe represents a key region in poplar cultivation, with Hungary standing 

out as one of the leading countries. Poplar stands occupy about 198,520 hectares there, 

ranking second in Europe after France [2]. Within this area, indigenous and hybrid pop-

lars occur in nearly equal proportions, suggesting a balanced silvicultural approach that 

integrates ecological resilience with productivity. However, recent trends indicate a grad-

ual annual decrease of 1–2% in hybrid poplar areas, paralleled by a similar increase in 

native species, highlighting a shift toward more ecologically oriented forest management 

[2]. The distribution, proportion, and quantity of indigenous and hybrid poplar stands in 

Europe reflect both ecological conditions and silvicultural strategies. Across Europe, pop-

lar plantations cover approximately 1.064 million hectares, demonstrating their substan-

tial role among fast-growing tree species [3]. Their spatial distribution is heterogeneous: 

hybrid poplars dominate countries like Spain almost exclusively, whereas in countries like 

Bulgaria and Slovenia, native species prevail, indicating contrasting management priori-

ties and site conditions [3,4]. 

In terms of growing stock, poplars represent a significant component of European 

forest resources. In Hungary alone, the standing volume reaches approximately 37.9 mil-

lion m3, accounting for around 9.4% of total forest stock [2,4]. This considerable biomass 

is largely associated with short rotation cycles, typically 10–30 years, which enhance 

productivity and make poplars suitable for both industrial raw material supply and bio-

energy production [5]. A limited number of taxa often dominates species composition. For 

example, grey poplar (Populus × canescens) and the ‘Pannonia’ hybrid (Populus × eurameri-

cana cv. Pannonia) together constitute roughly two-thirds of the poplar area of Hungary. 

Such dominance reflects both natural adaptability and the outcomes of long-term breed-

ing programs aimed at optimizing yield and wood quality [6]. 

Hybrid poplars have been created by artificial hybridization of various species. The 

most prominent group of poplar hybrids in Hungary has been created by crossing Populus 
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nigra and Populus deltoides to create the so-called Euramerican poplars (Populus  euramer-

icana, a.k.a. Populus  canadensis), which have many varieties, each with its particular char-

acteristics. Most of these varieties typically have light color, homogeneous structure, and 

excellent growth characteristics, not unlike those of softwoods [7]. Their extensive use to 

create fast-growing plantations in Hungary in the second half of the 20th century means 

that currently there are high quantities of hybrid poplar harvested and available as indus-

trial raw material. However, hybrid poplar cultivation requires high quantities of water. 

Due to climate change trends and increasingly stringent environmental regulations, their 

availability in Hungary is expected to slowly decline in the coming decades, and the in-

dustry will have to contend with lower quality indigenous poplar [8]. In addition, indig-

enous poplars are available in large quantities, while their amount used in industry is 

quite low. 

OSL is a high-strength construction material produced from relatively small wood 

particles. Strands, typically 100 to 150 mm in length and approx. 0.5 to 1 mm in thickness 

[Error! Reference source not found.], can be produced even from small diameter logs 

with less-than-ideal shapes [9], (p 12–7). OSL is an engineered wood product, with strands 

oriented in the longitudinal direction to achieve technical characteristics similar to, but 

typically exceeding those of solid wood. Its characteristics depend on a number of pro-

cessing parameters, including strand shape and dimensions, moisture content, adhesive, 

and pressing parameters (pressure, temperature, time, schedule) [9–13]. 

Since the development of strand-based products like OSL in the U.S., it has been pri-

marily produced from North American softwoods and light-density hardwoods like Yel-

low poplar (Liriodendron tulipifera) [14]. Other fast-growing hardwoods like poplar spp. 

have received relatively less attention. Some studies are available for LSL development 

[15,16], as well as creating OSL from various softwoods, aspen, and even bamboo 

[11,15,17,18]. 

Indigenous poplars in Hungary offer several advantages for OSL production. They 

support sustainable forestry practices, as they can be grown in short-rotation plantations 

and harvested relatively quickly, typically within 10–15 years [19,20], making them an 

excellent renewable resource. Indigenous poplar forests also contribute to carbon seques-

tration and ecosystem restoration, making them an environmentally friendly option for 

OSL production. Indigenous poplars have excellent structural properties, including high 

strength and stiffness [21,22]. In the meantime, their growth characteristics (esp. their un-

favorable shape) make their utilization as structural lumber almost impossible. However, 

they may be used as a source of strands for OSB, LSL and OSL, and thus be used for load-

bearing applications in the construction industry. In order to achieve this, their potential 

for such purposes needs to be examined. 

While some information is available on the use of poplar species like aspen in OSL 

production, a systematic comparison of indigenous and hybrid poplars is missing. A re-

cent study [23] compared the wettability of indigenous and hybrid poplar strands and 

established that there is only a minuscule difference in the short- and long-term wettabil-

ity of the two materials, with indigenous poplar exhibiting slightly better wettability. This 

indicates that the adhesion of indigenous poplar should pose no extra challenges com-

pared with the currently more prevalent hybrid varieties. This article reports on a com-

prehensive investigation of the mechanical properties of OSL made of indigenous and 

hybrid poplar. The aim of the study is to evaluate the viability of poplar grown in Hun-

gary as a raw material for OSL in general, and to examine the opportunities that OSL 

production offers for the utilization of indigenous poplar, a highly underexploited re-

source in Hungary. The objective of the study was twofold: (1) to find a viable parameter 

combination for creating poplar OSL from Hungarian raw materials, and (2) to compare 

the performance of OSL made of indigenous and hybrid poplar based on a wide range of 
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mechanical parameters, including, bending, compression, tensile strength, and stiffness, 

as well as internal bond strength and screw withdrawal resistance. 

2. Materials and Methods 

2.1. Finding Viable Processing Parameters for Producing Poplar OSL 

To facilitate the comparison of indigenous and hybrid poplar as a raw material, via-

ble technological parameters had to be established first. This included the examination of 

target density, adhesive content, and pressing time/pressing cycle. 

The OSB plant of the SWISS KRONO Hungary Kft., Vásárosnamény, Hungary, sup-

plied raw materials for the experiments. Strands with average dimensions of 120 × 20 × 

0.6 mm, comprising a mixture of indigenous and hybrid poplar, as well as some scots pine 

(Pinus sylvestris), were sourced from industrial production. Strand moisture content was 

between 4 and 5%, as confirmed by measuring a small number of strands with a KERN 

MLB_N (KERN & SOHN GmbH, Balingen, Baden-Württemberg, Germany) type moisture 

analyzer. The same company supplied the Polymeric Methylene Diphenyl Diisocyanate 

(pMDI) resin and the paraffin emulsion sizing agent (manufacturers unknown) used for 

panel manufacturing. 

The 400 × 400 × 30 mm OSL panels were manufactured in a Siempelkamp laboratory 

hydraulic hot press (G. Siempelkamp GmbH & Co. KG, Krefeld, Germany) using different 

resin contents, target densities, and pressing times, as described in Table 1 (one panel per 

parameter combination). Panel manufacturing involved the following steps: 

• Measuring the requisite number of strands according to the target density; 

• Applying the requisite amount of resin and paraffin emulsion in a drum hoop mixer, 

using a high-pressure spray system (Figure 1a), and applying rigorous safety proto-

cols (intensive ventilation, full-face respirator masks, and dermal protection); 

• Hand laying the strands onto a metal caul plate, using a 400 × 400 mm forming box 

(Figure 1b); 

• Transferring the mat into the preheated laboratory press (200 °C), after placing 30 

mm metal spacing rods beside the mat and a second caul plate on top (Figure 1c); 

• OSL pressing, using a 3-stage pressing cycle, gradually decreasing the initial pressure 

of 12 MPa to 8 MPa to 4 MPa, for rapid closure/eliminating voids, resin cur-

ing/polymerization, and controlled release of internal steam pressure, respectively; 

• Unloading and panel cooldown at room temperature (at least 24 h). 

   
(a) (b) (c) 

Figure 1. Oriented Strand Lumber (OSL) panel manufacturing: (a) adhesive and paraffin applica-

tion; (b) strand laying; (c) layup placed in the preheated press. 

OSL performance was assessed based on the modulus of rupture (MOR), apparent 

bending modulus of elasticity (MOEb), internal bond (IB) strength, thickness swelling (TS), 
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and water absorption (WA) of each panel. Mechanical testing was performed on an IN-

STRON 5985 (Illinois Tool Works Inc., IL, USA) Bluehill software universal testing ma-

chine controlled with Bluehill analytical software version 4.44 (Illinois Tool Works Inc., 

IL, USA),. Specimen manufacturing and testing followed the protocol, as listed below: 

• Trimming 30 mm from each side of the panels; 

• Cutting bending (10 specimens per panel), IB, and TS (9 specimens per panel) speci-

mens from the remaining panel with a circular saw, according to the pattern in Figure 

2; 

• Specimen conditioning for 72 h in a controlled environment at 20 °C and 65% relative 

humidity to reach a target Moisture Content of 12%, according to EN 310:1993 [24]; 

• MOR and MOE determination according to EN 310:1999 [24] (10 replications per 

panel), edgewise bending. A constant crosshead speed of 5 mm/min was used to en-

sure quasi-static loading. The support span was 300 mm, and the total specimen 

length was 340 mm. Note: MOEb was determined based on crosshead movement, 

rather than displacement measurement, and is therefore considered an indicative ap-

parent value, rather than accurate MOE; 

• IB strength determination according to EN 319:1998 [25] (9 replications per panel), by 

gluing the specimens between two steel blocks using a high-strength epoxy adhesive. 

Loading was applied at a constant rate of 2.0 mm/min; 

• 24h TS and WA measurements according to EN 317:1998 [26] (9 replications per 

panel). 

The best parameter combination was chosen primarily based on panel performance, 

also taking economics into consideration. 

 

Figure 2. Cutting pattern of various OSL specimens for choosing pressing parameters (long speci-

mens are for bending tests. IB = internal bond specimens; TS = thickness swelling and water Absorp-

tion specimens). Strand orientation is vertical. 
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Table 1. Pressing parameter combinations examined for poplar OSL production (paraffin content 

was 1.2% in each case). 

Parameter  

Combination 

Resin Content  

(%) 

Target Density 

(kg/m3) 

Total Pressing Time 

(s) 

A 2.9 600 750 1 

B 3.4 600 750 1 

C 3.9 600 750 1 

D 3.4 500 750 1 

E 3.4 550 750 1 

F 3.4 650 750 1 

G 3.4 600 900 2 

1 250 s for each pressing stage; 2 180, 180, and 540 s for pressing stage 1, 2, and 3, respectively. 

2.2. Comparative Assessment of Indigenous and Hybrid OSL Performance 

The comparative investigation required indigenous and hybrid poplar strands. Since 

strands cannot be separated based on appearance or any other physical or chemical pa-

rameters (other than costly and time-consuming DNA analysis), this necessitated differ-

entiation before stranding. SWISS KRONO Hungary Kft., Vásárosnamény, Hungary, 

manufactured the strands by separating shipments of logs into indigenous and hybrid 

categories based on the appearance of the logs (further breakdown into various species or 

varieties was not possible). Because of the industrial circumstances, this cannot guarantee 

complete purity, but using sufficiently large sample sizes can counter any cross-contami-

nation. DNA analysis performed on a small sample of green strands in the Forest Research 

Institute in Sárvár, Hungary, showed hybrid strands to be hybrids of Populus nigra and 

Populus deltoides (i.e., they are some kind of Populus × euramericana hybrid. The ‘Pannonia’ 

hybrid is the most likely candidate, as it is the most commonly cultivated hybrid poplar 

in Hungary), while the indigenous poplar strands were evidently unhybridized Populus 

nigra. This result cannot be considered representative of all strands used in the experi-

ments, but it is a good indication that the separation into indigenous and hybrid raw ma-

terials, based on the external characteristics of logs, was successful. 

Strand dimensions, moisture content, the applied adhesive, and sizing agents were 

the same as outlined in Section 2.1. Eight OSL panels were manufactured from both raw 

materials; panel manufacturing followed the protocol in Section 2.1 using parameter com-

bination F in Table 1. Unfortunately, three panels (1 indigenous and 2 hybrid) were par-

tially exploded when removing from the press due to steam pressure buildup. Specimens 

manufactured from the exploded regions were excluded from the evaluation. 

The assessment of panel performance involved more extensive testing of mechanical 

and physical performance, including tensile and compression strength and stiffness, as 

well as screw withdrawal resistance, in addition to the tests described in Section 2.1. Table 

2 summarizes the tests performed on the panels, and Figure 3 shows the cutting pattern 

of specimens from each panel. Specimen dimensions and testing parameters followed the 

appropriate standards, with some relevant details listed below: 

• Bending tests were performed edgewise, as described in Section 2.1; see Figure 4a. 

• The narrowed cross-section (12 mm) of the bone-shaped tensile specimens was de-

termined through experimentation, ensuring that specimens failed in the middle 

zone, rather than at the grips; see Figure 4b. 

• In-plane compression specimens of appropriate cross-sections were created by glu-

ing two specimens together as required by EN 408:2010 [27]; see Figure 4c. 
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Table 2. Tests performed on each indigenous and hybrid OSL panel. 

Name of the Test 
Specimen  

Dimensions (mm) 

Repli-

cations 
Standard 

Bending strength and MOE (B) 340 × 15 × 30 3 EN 310:1999 [24] 

Tensile strength and MOE (T) 340 × 16 × 30 1 EN 789:2005 [28] 

In-plane compression,  

along strand orientation (CL) 1 
150 × 60 × 60 1 EN 408:2010 [27] 

In-plane compression,  

across strand orientation (CX) 1 
150 × 60 × 60 1 EN 408:2010 [27] 

Flatwise compression (CF) 1 60 × 45 × 45 1 EN 789:2005 [28] 

Internal bond (IB) 50 × 50 × 30 2 EN 319:1998 [25] 

Screw withdrawal resistance (SW) 50 × 50 × 30 3 EN 320:2011 [29] 

Thickness swelling and  

water absorption (TS) 
50 × 50 × 30 2 EN 317:1998 [26] 

1 Specimens created by gluing two pieces together. 

 

Figure 3. Cutting pattern of various OSL specimens for comparing indigenous and hybrid poplar 

OSL. Abbreviations are listed in Table 2. 

• Flatwise compression specimens of appropriate length were created by gluing two 

specimens together as required by MSZ EN 789:2005 [28]; see Figure 4d. 

• The loading rates for tensile, in-plane, and flatwise compression were 2.0 mm/min, 

1.0 mm/min, and 1.0 mm/min, respectively. Tensile and compression deformation 

were measured with caliper-style extensometers; see Figure 4b–d. 

• IB strength determination followed the protocol described in Section 2.1; see also Fig-

ure 4e. 

• Screw withdrawal resistance was determined from the board face only. For SW meas-

urements, a standard screw of nominal diameter d = 4 mm was inserted perpendicu-

lar to the specimen face to a controlled embedment depth, lp = 15.5 mm, and pulled 

out at a constant rate of 2.0 mm/min until screw withdrawal occurred; see Figure 4f. 

• TS and WA measurements were performed the same way as described in Section 2.1. 
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Figure 4. Mechanical tests of OSL panels: (a) bending; (b) tension; (c) in-plane compression; (d) flat-

wise compression; (e) internal bond strength; (f) screw withdrawal resistance. 

During the bending test, deformation was measured through crosshead movement 

only; therefore, bending MOE values should be considered apparent MOE. Unfortu-

nately, during the compression and tensile tests, the testing machine allowed deformation 

measurements on one side of the specimens only. This led to a very wide deviation in the 

measured deformation values because of asymmetric elongation and compaction of the 

specimens. Therefore, these MOE values are not reported in this paper. 

3. Results 

3.1. Finding Viable Processing Parameters for Poplar OSL 

Actual density values (Figure 5) exceeded the target density by approximately 10 to 

15% in most cases. This resulted from working with a slightly higher number of strands 

to account for any losses in the mixing process (which turned out to be less than expected), 

as well as the extra weight coming from the adhesive, additive, and higher moisture con-

tent at the time of testing (12%, compared with 4 to 5% at the time of manufacturing). 

Figure 6a–c demonstrate the effect of varying the manufacturing parameters on the 

mechanical and physical parameters of the OSL. One-way analysis of variance (ANOVA) 

performed on the data (using Statistica version 14.0.1.25) showed that the effect of the 

process parameters was significant in all three cases, at a 5% significance level (for sample 

sizes, see Section 2.1. Note that, for each parameter combination, specimens came from 

the same panel, although from different sections of the panel, and therefore replications 

are not independent). Tukey’s range test showed all differences to be significant, except 

for panels D and E, as well as A and G for MOR; panels B and D, as well as C and D for 

IB strength; and panels B, C, and D for thickness swelling. 

(a) (b) (c) 

(d) (e) (f) 
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Figure 5. Comparison of the actual density of OSL panels made using various manufacturing pa-

rameters. Capital letters mean parameter combinations as described in Table 1. Numbers below the 

capital letters indicate target density and resin content. 

 
(a) 

 
(b) 
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(c) 

Figure 6. Comparison of the performance of OSL panels made using various manufacturing param-

eters: (a) MOR; (b) IB strength; (c) thickness swelling. Capital letters mean parameter combinations 

as described in Table 1. Numbers below the capital letters indicate target density and resin content. 

As expected, increasing adhesive content resulted in a steep increase in MOR and IB 

strength. Thickness swelling also improved when increasing the adhesive content from 

2.9 to 3.4%, but a further increase to 3.9% caused no additional decrease in TS. 

Increasing the target density also led to improved characteristics, but the improve-

ment was more gradual. Nevertheless, at the highest target density, measured MOR and 

IB were higher, and TS was lower than in the case of panel C (which had a lower density 

but higher adhesive content). 

The effect of pressing time was not extensively investigated. Preliminary experimen-

tation suggested that allowing a longer period for pressure release (stage 3) may lead to 

improved mechanical and physical characteristics. This turned out to be partially true, as 

panel G exhibited a somewhat higher IB strength and lower TS but yielded a lower MOR 

than did panel F. Overall, the evidence suggests that whatever improvement may be 

achieved is not worth the loss in productivity due to the increased pressing time. Thus, 

method F was selected as the best parameter combination. Subsequent test specimens—

both indigenous and hybrid panels—were produced using these specified settings. 

3.2. Comparing the Performance of Indigenous and Hybrid Poplar OSL 

The performance of indigenous and hybrid poplar OSL was assessed by comparing 

each mechanical and physical parameter. Independent Student’s t-tests were performed 

on each parameter to establish statistical significance. Table 3, along with Figures 6 and 7, 

summarize the results. 

In terms of mechanical properties (Figure 7), indigenous and hybrid poplars exhibit 

balanced performance. Hybrid poplar has somewhat higher MOR, flatwise compression, 

and internal bond strength, while indigenous poplar is slightly better in terms of tensile 

strength, as well as in-plane compression, both parallel and perpendicular to the strand 

orientation. None of these differences was statistically significant at a 5% significance 

level. Hybrid poplar OSL did significantly outperform in terms of apparent MOE, but, 

notably, this was measured using crosshead movement and is therefore not an entirely 

reliable measure of stiffness. Since the measurement methodology was identical for both 

samples, their apparent MOE values are directly comparable; even if the absolute values 

are not entirely accurate, the ratio between the hybrid poplar OSL and the indigenous 

poplar OSL apparent MOE remains informative and valid for interpretation. Indigenous 
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poplar, on the other hand, had significantly higher screw withdrawal resistance. Interest-

ingly, the difference in in-plane compression strength parallel and perpendicular to the 

strand orientation was relatively small, around 20 to 25% for both species. Flatwise com-

pression strength, on the other hand, was 60 to 65% lower than the longitudinal value. 

   
(a) (b) (c) 

   
(d) (e) (f) 

  
(g) (h) 

Figure 7. Mechanical performance of OSL made of indigenous and hybrid poplar: (a) MOR; (b) 

apparent bending MOE; (c) tensile strength (T); (d) in-plane compression strength along the strand 

orientation (CL); (e) in-plane compression strength across the strand orientation (CX); (f) flatwise 

compression strength (CF); (g) internal bond strength (IB); (h) screw withdrawal resistance (SW). 
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Table 3. Comparison of the average parameters of indigenous and hybrid poplar OSL, along with 

the statistical evaluation. 

Measured Parameter Indigenous Hybrid Difference t-Value p 

Modulus of rupture (MPa) 49.63 53.09 −7.0% 1.449 0.157 

Bending Modulus of Elasticity (MOEb, GPa) 7660 8811 −15.0% 4.627 <0.001 

Tensile strength (MPa) 25.39 24.00 5.5% 1.345 0.188 

Compression parallel (CL, MPa) 22.78 19.58 14.0% 1.681 0.119 

Compression, perpendicular (CX, MPa) 17.98 15.23 15.3% 1.272 0.227 

Flatwise compression (CP, MPa) 7.90 8.41 −6.5% 0.496 0.628 

Internal bond strength (MPa) 0.339 0.351 −3.5% 0.281 0.781 

Screw withdrawal resistance (N) 2132 1684 21.0% 3.451 0.001 

Water absorption (%) 51.9 71.0 −36.8% 5.229 <0.001 

Thickness swelling (%) 30.4 39.6 −30.3% 4.834 <0.001 

In terms of water uptake and thickness swelling (Figure 8), indigenous poplar OSL 

had significantly lower values. The 25 to 30% difference was highly statistically signifi-

cant. 

  
(a) (b) 

Figure 8. Physical characteristics of OSL made of indigenous and hybrid poplar: (a) water absorp-

tion (WA); (b) thickness swelling (TS). 

Figure 9 shows the relationship between the apparent modulus of elasticity and 

bending strength. The indicated linear relationship is based on the combined dataset, i.e., 

it includes both indigenous and hybrid poplar OSL. The coefficient of determination (R2) 

is 0.659. Notably, when analyzing individually, the tightness of fit improves for both in-

digenous and hybrid poplar (R2 values of 0.683 and 0.795, respectively), while the slope 

of the line also increases (8.1 and 8.4, respectively). 

https://doi.org/10.3390/app16115260


Appl. Sci. 2026, 16, 5260 13 of 17 
 

https://doi.org/10.3390/app16115260 

 

Figure 9. Relationship between the measured bending MOE and MOR values of indigenous and 

hybrid poplar OSL. 

4. Discussion 

The results of the preliminary production study showed that, overall, panel F, man-

ufactured with the highest target density, medium adhesive content, and shorter pressing 

cycle compared with panel G, yielded the best results in terms of MOR, along with satis-

factory IB strength and thickness swelling. This parameter combination was used in fur-

ther experimentation to compare the performance of OSL made of indigenous and hybrid 

poplar strands. 

In general, the mechanical performance of the OSL panels created in this study falls 

within the typical range of Oriented Strand Lumber values reported in earlier studies. 

Various sources reported MOR values of 36.4 through 57.3 MPa using pine strands with 

various geometries and adhesives [11], and 45.1 through 49.4 MPa for pine unidirectional 

strand board [17], while it ranged between 45.2 and 62.5 in the case of bamboo OSL made 

with higher pMDI adhesive contents (7 through 13%) [18]. The results of the present study 

(49.6, 53.0, and 61.1 MPa for indigenous, hybrid poplar, and mixed species OSL, respec-

tively) compare favorably to the literature values. In the same studies [11,17,18], MOE, 

tensile, compression, and IB strength ranged from 4.4 through 11.0 GPa, 16.7 through 35.9 

MPa, 31.8 through 54.2 MPa, and 0.37 through 1.4 MPa, respectively. The panels produced 

in this experiment fall within these ranges, except for compression strength, which was 

somewhat lower in our case (15 through 27 MPa, parallel to strand orientation). However, 

the panels in the present study had higher compression strength in the perpendicular ori-

entation than that reported in [17]. The exact reason for this discrepancy is unknown. It is 

possible that strand orientation was controlled less precisely in the present study, leading 

to lower performance longitudinally, but better in the perpendicular direction. 

The significantly higher screw withdrawal resistance of indigenous poplar LSL com-

pared with hybrid poplar specimens is a remarkable result. Since manufacturing param-

eters and conditions were the same for the two types of panels, this is likely explained by 

the physical and anatomical differences between the two raw materials. Microanatomical 

features are not considerably different between Populus nigra and Populus  euramericana. 

However, according to an earlier study, the wettability of P. nigra strands is somewhat 

better, leading to better bond quality [23]. This may have resulted in better integrity, esp. 

at the very localized level required for better fastener holding capacity. 

In terms of TS and WA of pine wood-based OSL, [11] and [17] report ranges of 16.4 

through 23.6% and 58 through 77%, respectively. The performance of poplar panels in this 
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study was inferior compared with earlier studies, particularly in terms of thickness swell-

ing (TS: 30.4–39.6%, and WA: 51.9–71.0%). This may be due to the more porous structure 

of poplar, which can lead to increased moisture uptake and associated swelling. In addi-

tion, the pits of conifers close as a result of drying, making it harder for moisture to pene-

trate. Despite the strong and highly moisture-resistant pMDI adhesive used in this study 

(and in strand-based composite manufacturing in general), this high degree of porosity 

and associated increased moisture movement may lead to a weakening of the adhesive 

interfaces, and may ultimately lead to a loss of integrity, esp. in humid environments. This 

may lead to similar phenomena as observed in bamboo-timber composite materials in 

earlier studies [30], where the multi-layer bamboo component, in particular, showed signs 

of serious weakening and disintegration due to repeated wetting and boiling. Such risks 

may be mitigated by increased application of the sizing agent. 

Another way to evaluate the performance of the experimental OSL panels is to com-

pare their performance to the characteristic values of structural lumber, as specified in EN 

338:2016 [31]. The fifth percentile values for the distribution of MOR values measured in 

our study were 36.1 and 39.4 in the case of indigenous and hybrid poplar OSL, respec-

tively. This exceeds the requirements for C35 lumber (fm,k = 35 MPa), and so does the av-

erage and fifth percentile density of the experimental OSL material. However, the MOE 

values are significantly lower than those specified in the standard. It is important to re-

member that the measured MOE values were based on crosshead movement, which in-

cludes compressive deformation at the supports and loading point, as well as bending 

deformation. Actual bending MOE is likely to be higher than the apparent values meas-

ured in this experiment. Another important difference is that EN 408:2010 [27], as required 

by EN 338 [31], specifies a 4-point bending test, which also yields different results com-

pared with the results of this study. Even so, poplar OSL MOE values are likely to be 

relatively low because poplar, in general, tends to have low bending MOE [1,32,33]. In 

addition, the results presented in this paper are based on small-scale laboratory speci-

mens, and test methods were not consistent with the requirements of EN 338:2016 and EN 

408:2010 [27,30]. Final assessment of the mechanical performance is only possible after 

manufacturing structural size panels, and characteristic values—which are likely to be 

different from structural lumber, esp. in terms of MOE—need to be established based on 

these large specimens. 

The differences in the performance of indigenous and hybrid poplar OSL are rela-

tively minor. No statistically significant differences were found in terms of MOR, tensile, 

compression, and IB strength. The MOE of hybrid poplar OSL, although still low, was 

found to be significantly better (15.0%), while indigenous poplar OSL performed signifi-

cantly better in terms of screw withdrawal resistance (26.6% higher), thickness swelling 

(23.2% lower), and water absorption (26.9% lower). While a lack of statistical significance 

does not prove equality, in practical terms, the mechanical and physical characteristics of 

indigenous poplar OSL were found to be equivalent and, in certain cases, even better than 

hybrid poplar, which uses higher quality raw materials. An earlier study found little dif-

ference between the wettability of indigenous and hybrid poplar strands and concluded 

that glueline quality is likely to be similar when using the two investigated raw materials 

[23]. This supports the findings of this study, which indicates that, as the raw material 

base inevitably shifts towards indigenous poplar, the quality of OSL is unlikely to decline 

due to this change. 

5. Conclusions 

This paper presents the findings of a study aimed at developing and evaluating the 

performance of Oriented Strand Lumber made of indigenous and hybrid poplar. The find-

ings of the study are summarized as follows: 
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• Among the examined options, the best parameter combination for producing labor-

atory-scale, 30 mm poplar OSL is 3.4% resin content, 650 kg/m3 target density, and 

750 s pressing time. 

• Most of the mechanical parameters of the produced indigenous and hybrid poplar 

OSL panels are similar to those of softwood, aspen, and bamboo OSL produced in 

recent studies. Compression strength along and across the strand orientation was 

somewhat lower and higher than in earlier studies, respectively, which may be due 

to less control over strand orientation. 

• Thickness swelling and water absorption were somewhat higher than in earlier stud-

ies, presumably due to the higher degree of porosity of the raw material. 

• Produced OSL panels were comparable to a C35 grade structural lumber according 

to MSZ EN 338, in terms of MOR and density, but the apparent bending MOE was 

lower than required for this grade. These are indicative results; final comparison 

should be made based on large-sized beams and appropriate measurement methods. 

• Despite mostly minor differences in the mechanical and physical performance of the 

two raw materials, indigenous and hybrid poplar can be considered equivalent as 

raw materials for Oriented Strand Lumber. As the resource base seems to shift to-

wards indigenous poplar in the future, the quality of poplar OSL is not expected to 

decline. 

The research described in this paper indicates that poplar OSL may be a viable ma-

terial for the European and Hungarian construction materials market, or in any region of 

the world where poplar trees are available in large quantities. Further research is neces-

sary for the precise measurement of the elastic properties of poplar OSL, as well as exper-

imentation with full-scale OSL materials produced in an industrial setting. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ANOVA Analysis of variance 

CARB California Air Resources Board 

DNA DeoxyriboNucleic Acid 

IB Internal bond 

LSL Laminated Strand Lumber 

MOE Modulus of elasticity 

MOR Modulus of rupture 

OSB Oriented Strand Board 

OSL Oriented Strand Lumber 

pMDI Polymeric Methylene Diphenyl Diisocyanate 

REACH Registration, Evaluation, Authorisation, and Restriction of Chemicals 

SW Screw withdrawal 

TS Thickness swelling 

TSCA Toxic Substances Control Act 

WA Water absorption 
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