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Summary 
Within the limits of this study, the results indicate that it is quite possible to develop new 
Engineered Structural Lumber products from MPB wood and to maximize its value for uses in 
traditional and next generation wood buildings.  New product and processing technologies have 
to be developed first to convert severely dried and checked MPB wood into competitive 
structural lumber products.  Further research and development, particularly in stranding 
technology for dry logs is recommended.   
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1 Objectives 
The overall objective was to develop cost-competitive value-added engineered strand lumber 
(ESL) products from mountain pine beetle-killed (MPB) wood that meet physical and mechanical 
property requirements of traditional and new six-storey buildings.  The three specific objectives 
for this phase were: 

1. Further develop novel manufacturing technologies needed to produce the ESL products 
from MPB wood on a cost competitive basis,  

2. Develop the ESL products that meet the physical and mechanical property requirements 
of traditional and new six-storey buildings, and  

3. Analyze the market potential of the MPB-based ESL products for uses in traditional and 
new six storey buildings. 

 
 

2 Introduction 
Two criteria are critical in the business case for manufacturing composite lumber.  One is 
production cost and the other is the product performance customers are willing to pay a 
premium for.  Composites manufacturing product margins heavily rely on the quality of the raw 
logs and the efficiency of the binder system.   
 
Mountain Pine Beetle (MPB) damaged trees present both an opportunity and a serious 
utilization challenge to the BC forest industry. MPB logs have low moisture content and severe 
checks.  The sawn lumber and wood strand recovery from dry logs is significantly lower than 
fresh logs due to severe checks and rough cutting.  This report focuses on manufacturing 
concepts specifically developed for the MPB damaged BC resource that result in ESL products 
for use in emerging BC building construction. 
 
BC has recently approved 6 story wood building construction, the first jurisdiction in North 
America to do so. While the required product attributes for six-storey building wood components 
are yet to be compiled, one property that is sure to be required of wood components is superior 
perpendicular-to-grain compression. As the number of storeys increases the building weight 
increases, which in turn causes the compression deformation of the bottom beams to increase.  
Unlike solid wood, ESL products are consolidated during manufacturing.  Therefore their 
compression stiffness and strength in the transverse direction can be made significantly higher.  
A future business case for the application of ESL products in the lower floors of multi-storey 
buildings in BC could emerge. This is only one example of the FPInnovations Next generation 
building construction systems envisioned that will create new market demand for ESL products. 
 
ESL is a new MPB resource product concept by the authors. It is envisioned as a reconstituted 
wood product, held together with durable binders and resins and made of long and aligned MPB 
pine strands. This concept takes advantage of pine’s superior mechanical and physical 
properties in comparison to the hardwoods currently used in Canada for strand based panel 
products as well as the anticipated lower log costs of MPB damaged pine in comparison to 
Douglas-fir logs used in high strength ESL products like ParallamTM.  
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Products were made in the FPInnovations pilot plants using different strand dimensions and, 
resin types to produce a range of prototype ESL products.  The parameter combinations 
represent different product recoveries and costs for comparison with those for existing 
engineered wood products.  The results can be used by BC manufacturers considering new 
ESL product development for emerging markets. 
 
 

3 Materials and Methods 
Two stranding concepts for ESL products were investigated: MPB pine veneer strands that were 
cut from full or random veneer sheets and strands obtained from stranding MPB logs directly.  In 
the following, the lumber product made from veneer strands is referred as veneer strand lumber 
or VSL, whereas the product from direct stranding is referred as oriented strand lumber or OSL.  
 
3.1 MPB Veneer Strands 
3.1.1 Preparation  

MPB veneer (1/8” thick) sheets were cut into: 1” wide x 3’ long, 1/2” wide x 2’ long and 1/2” wide 
x 1’ long strands.  All the strands were placed in an oven to dry at 80 oC overnight to reach a 
moisture content around 2% based on oven dry weight before making billets. 
 
3.1.2 Resins and Wax 

Two commercial liquid PF resins: one commonly used for OSB (face) and the other for 
ParallamTM were acquired from Arclin.  The solids contents of these two resins were 55% and 
49.2% respectively. The resins were mixed at a ratio of 1:1 (solids basis) and were used as a 
dual resin system.  An E-wax from Hexion with a solid content of 50% was also mixed into the 
dual resin system at a loading level of 1% based on oven dry weight. The glue mix was then 
applied to the strands with a veneer glue spreader. The actual resin loading level was 7.0±0.5% 
based on oven dry weight.  
 
3.1.3 VSL Fabrication 

The resinated veneer strands were manually oriented in a long trough. Mats of 24”×34”, were 
cut from a long mat formed in the trough and wrapped with paper.  A side dam was used when 
pressing panels. The press temperature was set at 200±5oC. The pressing stopped when the 
core temperature reached a target resin curing temperature.  The press time varied from panel 
to panel since their target density levels were different. The actual press cycle was around 31 
min.  
 
Four batches of VSL products were made from 3’-long veneer strands, while two batches of 
products were made with the strands of three mixed dimensions. The mixing ratios for 3’, 2’ and 
1’-long strands were 60%, 26.7% and 13.3%, respectively.  
 
3.1.4 Bending Properties  

The pressed VSL panels were planed to the thickness ranging from 38-40mm. Ten bending 
specimens with a nominal dimension of 32”×1.5” ×1.5” were cut from each panel. One half of 
the specimens from each panel were tested in flatwise bending and the other half tested in 
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edgewise bending. The mechanical property tests were performed according to ASTM standard 
(2006)1.  The panel density of each specimen was measured. 
 
3.2 MPB Log Strands  
3.2.1 Stranding 

Small 6 inches diameter dry MPB killed logs were obtained.  The logs were manually debarked 
and then divided into two groups.  One group of logs was stranded at room temperature, while 
the other group was soaked in hot (50oC) water for 36 hours before stranding.  The logs were 
stranded with a Carmanah lab ring strander.  Each group of logs was further divided into three 
(3) subgroups to produce 0.045”, 0.065” and 0.085” thick strands. The six (6) samples of 
strands were collected in separate bags.   
 
Strand analyses were carried out with a Gilson screen in the FPInnovations Pilot Plant.  The 
screen was equipped with mesh decks of 1-1/2”, 1/4” and a pan. Screening times were 5 
minutes. The material collected in the bottom pan was considered fines. The Gilson screen 
operates with a vertical motion that tends to classify strand by width.    
 
3.2.2 Preparation of Experimental Panels 

The strand lumber panels were made separately from thick (0.085”) and thin (0.045”) MPB 
strands.  The strands were dried to 7% before blending. The MDI resin and wax contents used 
were 6% and 1%, respectively, based on oven dried weight of strands.  The target density of the 
experimental panels ranged from 35 lbs/ft3 to 41 lbs/ft3. 
 
The blended strands were weighed and then manually aligned in a 24” x 34” forming box.  To 
shorten the overall press cycle time, a steam injection technique was used. The experimental 
panels were then conditioned at 65% RH and 20oC for three weeks before testing.  Bending 
tests were conducted to determine flatwise and edgewise modulus of elasticity (MOE) and 
modulus of rupture (MOR).   
 
3.2.3 Pressing 

Strands were dried to 2% moisture content based on oven dry weight and then were blended 
with 1% slack wax followed by 6% MDI/PF dual resins in a lab coil blender. For the MDI/PF 
resin combination, first MDI resin at a selected loading level was applied to the waxed strands 
and then a predetermined level of liquid PF resin was applied. After liquid resin was blended, 
1% of powered PF resin was added in the tumbling blender for 3 min.  To make sure the mat 
MC was 6% based on oven dry weight, extra water was added when a low loading level of liquid 
PF resin was applied. The wax and resin application parameters are listed in Table 1.  The 
blended strands were weighed, formed and aligned by a lab forming machine.  The formed mats 
were then hot pressed under the conditions listed in Table 2.  

 
1 American Society for Testing and Materials (ASTM). 1997. Wood, Standard Methods of Static Tests of Lumber in 
Structural Sizes. Volume 04.10. 
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Table 1 – Wax and resin application parameters 
 
Strand loading (kg) 20  
Blending speed (RPM) 15 
Wax type and content (weight basis) 1% Slack wax   
Wax melt temperature (°C) 120 
Wax application pressure (psi) 30 
Total resin content (weight basis) 7% 
Resin type and content Selected levels  
Resin flow rate (ml/min) 120 
Resin application pressure (psi) 60 
 
 
Table 2 – Panel hot press conditions 
 
Mat MC (%) 6 
Target panel dimension  (in x in x in) 1.75 x 30 x 34 
Panel structure and orientation One layer oriented in one direction  
Panel density (lbs/ft3)  39  
Metal frame Yes 
Both side screen Yes 
Hot press temperature 215°C 
Steam pressure (psi) Selected levels 
Steam time (seconds) 210 
Press close time (seconds) 20 
Cooking time (seconds) 215 
Degas time (seconds) 35 
Panel replicates 1 
 
 

4 Results and Discussion 
4.1 Effect of Log Temperature and Strand Thickness Cut on Strand Size: 
The results of size distribution of strands cut from hot (50oC) logs (designated by H) and room 
temperature logs (designated by C) for different target strand thicknesses (0.085 in, 0.065 in 
and 0.045 in) are summarized in Table 3.  As the temperature of logs was increased from room 
temperature to 50oC, the fines generation was substantially decreased and the large size 
strands significantly increased.  Table 3 also revealed that there is an effect of stranding 
thickness.  The best quality strands seemed to come from the target thickness around 0.065 in.  
Thinner or thicker target stranding thickness led to more fines and/or strand breakages.    
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Table 3 – Percentage of different strand size (%) 
 
Sample Name Fines Medium Large Total 
H0.045 8 15 77 100 
H0.065 7 15 78 100 
H0.085 6 28 66 100 
 
CC0.045 19 31 50 100 
CC0.065 18 20 61 100 
CC0.085 44 20 36 100 
Note: Fines- under ¼” screen, Medium-over ¼” screen, Large-over 1-1/2” screen 
          All strands were dried to oven dry at 103°C before weighing  
 
 
4.2 Mechanical Properties of VSL  
The results of experimental VSL products are summarized in Table 4.  The average values of 
both flatwise and edgewise bending MOE were high (approximately 2.0 million psi) although the 
density level of the experimental panels were relatively low.  The edgewise MOE values were 
slightly higher than the flatwise MOE values because the density of surface layers were slightly 
lower than that of core layers.  This is inevitable when a conventional platen press is used to 
make thick panels.  Even at a panel density as low as 33.2 and 33.4 lb/ft3, the MOE values were 
greater than 1.5 million psi.  Overall the edgewise and flatwise MOR values were high. 
 
Table 4 also shows that the mix of 60% 1 in x 3 ft, 26.7% ½ in x 2 ft and 13.3% ½ in x 1 ft 
strands could be made into stiff and strong composite lumber.  This suggests that logs can be 
efficiently converted into veneer strand lumber if all different lengths of veneer strands are well 
aligned. 
 
 
Table 4 – Bending properties of VSL panels bonded with a dual resin system 
 

Flatwise Edgewise 
Strand type Batch1 

No. Panel No. MC2 Density 
(pcf) 

MOE 
(MMpsi) 

MOR 
(psi) 

Density 
(pcf) 

MOE 
(MMpsi) 

MOR 
(psi) 

1 56,57 11.5 36.7 2.214 10277 36.5 1.996 9831 

2 58,59,60 6.9 36.7 2.272 9381 36.3 2.114 9645 

3 61,62,63 5.3 33.2 1.947 7995 33.2 1.848 8379 
3’ long MPB 
veneer strands 

4 64,65,66 7.1 37.5 1.940 7737 37.5 1.868 8687 

1 67,68,69,70 6.3 34.2 1.897 7190 34.1 1.693 7455 (3’+2’+1’) mixed-
length MPB 
veneer strands 2 71,72,73,74 6.3 36.9 2.087 8292 36.7 1.904 8388 
       Note: 1. Boards from same batch means that they were formed at the same time in a long trough. 
                 2. The measured moisture content based on oven dry weight of the resinated strands. 
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4.4 Mechanical Properties of OSL 
The test results of the experimental OSL made of strands cut from room temperature MPB killed 
logs are summarized in Figures 1 to 6.  In the figures, results are shown for the thinnest strands 
(0.045”) and thickest strands (0.085”).  As expected, all bending MOE and MOR values 
increased with increasing density.  Figures 1 to 4 also show that the effect of density on bending 
properties was greater for panels made from thin strands than those from thick strands. 
 
Compared to VSL, the bending properties of OSL were significantly lower.  This could be 
attributed to the fact that strands cut from room temperature logs were rougher in surface quality 
which would be poor for bonding.  As well, the OSL strands were smaller and less uniform, 
which led to poorer strand alignment than VSL.  Alternative stranding methods should be further 
investigated. 
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Figure 1 – Effect of density on flatwise MOE 
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Figure 2 – Effect of density on edgewise MOE 
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Figure 3 – Effect of density on flatwise MOR 
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Figure 4 – Effect of density on edgewise MOR 
 
Figure 5 and 6 show that both IB strengths parallel and perpendicular to panel surface were 
high, although the former were much lower than the latter.  There appeared to be no difference 
between thick and thin strands in terms of the parallel IB strengths.  However, thinner strands 
seemed to produce better perpendicular IB strengths.  While the exact reason is unknown, there 
were a number of factors that could influence the results, including surface resin coverage, 
quality of strands and consolidation.   
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Figure 5 – Effect of density on parallel Internal bond strength (IB) 
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Figure 6 – Effect of density on perpendicular internal bond strength (IB) 
 
4.5  Steam Injection Technique: 
Steam injection helped accelerate heat transfer and hence resin curing.  A key parameter 
characterizing the heating acceleration process was thermal energy index (TEI).  It is defined as 
the product of the mat core temperature reaching above 100oC and the duration of time at that 
temperature.  Temperature of 100oC was regarded as the critical temperature at which the resin 
curing accelerated. The greater the TEI values, the faster the energy input for curing.  Table 6 
shows that TEI was affected by steam pressure and steaming position.   
 
Table 5 – Panel manufacturing parameters 
 

Test No. Steam 
pressure (psi) 

Steaming 
position 

MDI % in MDI 
and PF 

Thermal Energy 
Index (TEI) 

(°C x Seconds) 
TEI Ranking 

1 125 1.3 50 27510 2 
2 125 1.3 50 27476 3 
3 100 1.2 50 22984 16 
4 150 1.3 65 27029 6 
5 125 1.3 50 27088 5 
6 125 1.4 65 27638 1 
7 125 1.4 35 26355 9 
8 100 1.3 65 26061 11 
9 150 1.4 50 26278 10 
10 100 1.3 35 25549 12 

 



Developing Structural Wood Composite Products from MPB Wood 

 
 

 
 
 ©2010 FPInnovations – Forintek Division. All rights reserved 10 of 12 

 

Test No. Steam 
pressure (psi) 

Steaming 
position 

MDI % in MDI 
and PF 

Thermal Energy 
Index (TEI) 

(°C x Seconds) 
TEI Ranking 

11 100 1.4 50 27092 4 
12 150 1.3 35 23538 15 
13 150 1.2 50 23957 14 
14 125 1.3 50 26360 8 
15 125 1.2 65 24516 13 
16 125 1.2 35 21022 17 
17 125 1.3 50 26634 7 

Note:  Resin content  6% weight basis 
MDI resin:   Rubinate 1840 from Huntsman 
Liquid PF resin:  SL3343 from Tembec (SC56.44%)  

 
Steaming position, which was defined as the mat thickness at which steam injection took place, 
was found to be a very important factor.  Statistical analysis showed that a steaming position of 
1.2 x target panel thickness yielded lower TEI than the other two positions, 1.3 x target 
thickness and 1.4 x target thickness.  This result was due to lower mat permeability which 
hindered steam injection.  Indeed, panels steamed at 1.2 x target thickness showed 
delamination especially around the edges.  Increasing steam pressure from 125 psig to 150 psig 
failed to increase the value of TEI.  This suggests that the steam position would be a critical 
factor influencing the effectiveness of the steam injection technique.   
 
 

5 Market Analyses 
The future for EWP is bright. Several ongoing trends will drive demand once the U.S. housing 
crisis is over. This is expected to happen in 2011, allowing for R&D in the meantime. Key 
market and resource trends that drive the need for developing new engineered wood products 
(EWP) can be summarized as follows: 
 
• Engineered wood is gaining increasing acceptance for use in residential and non-

residential applications that require straight, uniform boards such as headers, rim boards, 
and I-joists.   

• The new BC wood frame building code increases the height limit for wood frame 
construction from 4 to 6 stories.  The new building code will increase the demand for larger 
and stronger EWP products.  

• EWP offer high strength-to-weight ratios that will help protect the wood product market 
from steel penetration in light frame buildings.  

• According to APA-The Engineered Wood Association, composite lumber is "the fastest 
growing segment of the wood products industry".   

 
EWP will continue to make gains as lumber supplies from Canada and other high quality fibre 
producing regions become constrained by the effects of global warming such as the recent 
mountain pine beetle (MPB) infestation in western North America. 
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Regardless of the type of construction the ESL products envisioned will be designed to provide 
a range of product performance and attributes to satisfy the traditional and new building 
demands.   
 
Tables 7 shows example of a market segment that ESL products made from MPB wood could 
target today. However, the business case to do so is not compelling as existing products are 
commercially available to serve these markets.  
 
Table 7 contains information regarding the market size, product attributes and cost factors for 
floor applications in current North American residential housing market.  Laminated veneer 
lumber (LVL) and I-joists are the two primary products, counting for 38% and 45% of the market 
respectively.  For long span applications, the main attributes required are load carrying capacity 
and stiffness or modulus of elasticity (MOE).  The data on the costs of LVL and I-joists are 
current at this writing therefore set the benchmark for ESL products today. The manufacturing 
costs of ESL will depend on the technologies adopted.    
    
 
Table 6 – Product attributes, costs and market size of composite products used for long span 
floor beams in residential construction.  

 Long Span Beams Floor Joists

Example application
Floor beams garage door 

headers

Market Size (2006) million bf 1,623 3,467

Primary product LVL I-Joists

market share 38% 45%

Primary attrubute Load carrying capacity Load carrying capacity

1.5 - 2.1E, up to 3000Fb Flange 1.8E, 2100 Fb 

Secondary attribute quick installation quick installation

Competitive price point $/Mfbm 360

Variable Cost $/Mfbm 300

Competitive price point $/cuft 15.0 6.0

Cash Cost $/cuft 10.6 5.0

flange

flange
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6 Conclusions and Recommendations 
Within the limits of this study, the results indicate that it is quite possible to develop new ESL 
products from MPB wood and to maximize its value for uses in traditional and next generation 
wood buildings.  New product and processing technologies have to be developed to convert 
severely dried and checked MPB wood to competitive structural lumber products.  Further 
research and development, particularly in stranding technology for dry logs is recommended.   
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