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ABSTRACT

Glulam and OSB are great building alternatives to typical materials in terms of
their strength, aesthetics, and economical nature. North America mostly uses Spruce,
Pine, and Fir (SPF) owing to their superior strength characteristics and accessibility. But
there is scope for underutilized species like larch, poplar, or birch to be used in Glulam
manufacturing and engineered products like OSB. The focus of this thesis is to examine
if use of the above-mentioned species will be a good alternative to typical SPF species.
It also provides an overview of those species, their general distribution and utilization.
The comparison is done based on the physical and mechanical properties of these wood
species and the 3 properties MOE (modulus of elasticity), MOR (modulus of rupture)
and density. It was found that these species have favourable strength characteristics as
compared to spruce and would be beneficial if used in the Glulam industry. This was a
preliminary study and if tested on a larger scale with advanced technology, this can help
create a more resilient lumber market, diversify Canadian wood business, and increase
Glulam industry’s efficiency.
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INTRODUCTION

Glue laminated Timber (Glulam) is a structural engineered wood product
composed of wood laminations or lams. These are bonded together with durable and
moisture-resistant adhesives (The Engineered Wood Association, 2018). Glulam can be
manufactured in various forms ranging from simple, straight beams to complex, and
curved members. Glulam is generally available in four appearance classifications:
premium, architectural, industrial, or framing (APA, 2018). Large glulam members are
manufactured from various varieties of trees harvested from second-growth forests and
plantations (The Engineered Wood Association, 2008). Using glulam reduces the overall
amount of wood used as compared to solid-sawn timbers. Creating engineered wood in
the form of glulam has helped in creating structurally improved wooden posts and
beams (Gilfillan et al., 2003).

Timber manufactured using the laminated process increases its strength, enables
it to be used for longer spans, for heavier loads and can also be designed into complex
shapes as compared to concrete or steel (Timber Engineering Europe Ltd., 2015). One of
the limitations of glulam would be its size as it is constrained due to transportation
limitations and handling of glulam (Moody and Hernandez, 1997).

Glulam 1s manufactured for primary use in non-residential structural
applications, architectural or aesthetic designs etc. (NRCAN, 2020). Canada’s forest
products consist of solid wood products, wood pulp, paper products and bioproducts.
The primary species used for wood products include spruce (Picea), pine (Pinus), and
fir (Abies) (Government of Canada, 2020).

From an economic point of view, companies could be able to potentially increase

profit using lesser-valued wood in glulam production (Gilfillan et al., 2003). For



example, a Quebec based company, Nordic, uses small diameter black spruce for
manufacturing higher valued glulam beams (Canadian Wood Council, 2022). Another
benefit of using value-added wood products is to mitigate climate change (Canadian
Wood Council, 2022).

Exploring underutilized wood species for glulam can be efficient and has the
potential for creating more capital since Canada has resources available. This diversifies
the species used in the Canadian lumber industry and helps create a more resilient
industry. In addition to this, engineered wood products such as OSB (Oriented Strand
Board) could also be utilized into the glulam structures serving as a filler material.

OSB is another kind of engineered wood made with adhesives and compression of wood

strand layers in specific orientations.

RESEARCH OBJECTIVE
The purpose of the research is to explore literature and test OSB, underutilised
tree species (poplar and larch), and glulam to determine if OSB and underutilised

species can be used as a neutral axis layer, or compression and tension layers, in glulam.



HYPOTHESIS
The hypothesis for this research is that OSB can be used as a neutral axis
material in glulam structures in the neutral axis layer and underutilised tree species

(poplar and larch) could also be used in the compression and tension layers.

LITERATURE REVIEW
2.1 SPECIES DESCRIPTION

2.1.1 White spruce ( Picea glauca (Moench) Voss)

White spruce is one of the widest ranging and commercially important trees
found in Canada. It is medium sized with straight trunks ending in a conical crown
(Barnes, 2004; Abrahamson, 2015, Figure 1). White spruce has one of the largest ranges
that stretches from Newfoundland to Alaska, up to north of the US throughout the boreal
forest, bogs, and pulp lands (Gilman and Watson, 2012, Figure 2). It grows best on well
drained soils. It is shade tolerant to some extent but grows fastest in full sunlight. Some
species that are found growing along white spruce are birch, red maple, black spruce,
balsam fir, and eastern white pine (Barnes, 2004).

White spruce usually grows to be 24 metres tall and under ideal conditions can
grow to more than 30 metres tall. Its trunk can reach about 60 centimetres in diameter

(Ontario Ministry of Natural Resources (OMNR) , 2014).



Figure 1. White spruce in Denali National Park and Preserve (Barbara Logan, 2005).

This species has naturally adapted to forest fires and grows well if the silvicultural
system emulates a natural disturbance. Some silvicultural practices used for white
spruce management are clearcutting and the shelterwood system (Navratil, 1996).
White spruce is used in making pulp, lumber, furniture, and canoe paddles, for example
(Barnes 2004). It is a high-value tree where its appeal to the wood industry comes from
its light wood colour, low resin content, adequate fibre length-diameter ratio and
strength (Wellwood, 1960). It is used to create wood products like dimensional lumber,
sheets, trusses, subflooring joists, etc. (Wellwood, 1960). Various wood engineered
products like Glulam, Laminated Veneer Lumber (LVL), Cross-Laminated Timber

(CLT) and wooden beams are also made from this species (Government of Canada,

2021).
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Figure 2. White spruce distribution (USDA, 1971).

2.1.2 Poplar (Trembling Aspen) (Populus tremuloides Michx.)

It is a deciduous tree mostly distributed in North America as far south as Mexico up to
British Columbia and as far as Canada’s East coast (Barnes, 2004, Figure 3 and 4). The
native species of poplar in Ontario are trembling aspen, large-toothed aspen, and balsam

poplar (Government of Ontario, 2016).



Figure 3. Poplar stands in Ontario (OMNR, 2016).
Trembling aspen is a tall and fast-growing tree ranging from 20-25 m in height with a
trunk 20 to 80 cm in diameter and can reach 36.5m in height and 137 cm in diameter
(Barstow and Stritch, 2018).
Silvicultural practices for trembling aspen include clearcutting, uniform shelterwood,
group and single tree selection (Perala, 1972). Logging methods for this species include
full tree and tree-length (OMNR, 1998). Since, trembling aspen is a suckering tree
species, roots grow out from the residual trees left and if the competition is low then
there could be 100% stocking in the stand (Kemperman, 1976). North Europe manages
poplar in plantations under short rotations known as short rotation forestry (SRF)
(Tullus et al., 2012). Intensive silvicultural practices are applied after plantation until
harvest and some examples include fertilization, irrigation, and competition control like
thinning and weed management (Dickmann, 2006). It is mainly used for pulp, paper,

and composite board products like OSB in Ontario (Government of Ontario, 2016;



Barnes, 2004). It accounts for 18-22% of Ontario’s annual harvest and growing stock

volume (Government of Ontario, 2016).
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Figure 4. Poplar distribution in North America (USDA, 1971).

2.1.3 Larch (Larix laricina (Du Roi) K. Koch)

Eastern larch also known as tamarack is a deciduous conifer native to Canada (Figure
5). It is a small to medium-sized tree reaching an average height between 15 m and 23 m
(Parker, 1993). The distribution ranges from eastern Yukon and Northwest Territories
east to Newfoundland, south to northeastern British Columbia and central Alberta and
south from Minnesota to Cranesville Swamp, West Virginia and as an isolated
population in central Alaska (Little, 1979; Figure 6).

Tamarack forms extensive pure stands in northern Minnesota and much of Canada. In
northeastern United States it is found in open and forested bogs but rarely dominates and

it forms isolated pure stands throughout the rest of its range in the U.S. (Johnston, 1983;



Damman, 1987). Black spruce is usually found associated with tamarack. They could

co-dominate wet, lowland sites with shallow permafrost in Alaska (Vierecket al., 1992).

b

Figure 5. Larch stands in Minnesota, USA (US NOAA, 2001).

Larch wood is not only tough but also flexible and therefore it is used for lumber, pulp,
poles, snowshoes etc. (Government of Ontario, 2016). It is used to construct buildings
for rough dimension, small timbers, planks and boards, railroad crossties etc. Its visual
appeal is the reason for it being manufactured into fine veneer, flooring, sashes, and
doors (Naturally wood, 2021). Larch is also used for lamstock because of its high-

strength properties.
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Figure 6. Distribution of Larch (Du Roi and K. Koch 1971).

2.2 PHYSICAL AND MECHANICAL PROPERTIES OF WOOD
Physical and mechanical properties of wood play an important role in understanding the
strength of the wood. Physical properties describe the quantitative characteristics of how
wood reacts to the influence of the physical environment (Winandy, 1994). Mechanical
properties are the characteristic response of wood when external forces are applied
(Winandy, 1994). To test the physical and mechanical properties, clear and straight
grained wood is used to avoid skewed results due to defects (Forest Products
Laboratory, 2010). These properties between wood can differ based on their orthotropic
nature, source of sample and growing conditions.

2.2.1 Physical Properties
Physical properties of wood include moisture content, thermal expansion, directional
properties, colour, texture, density, dimensional stability, specific gravity, and resistance
(Winandy, 1994). Physical properties affect the wood’s strength, which forms the basis

for wood’s structural applications.
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2.2.1.1 Density

For this research study, densities of the wood samples (poplar, larch, spruce and OSB)
were studied to compare their physical strength. Density is one of the most important
physical properties of the wood as it influences the wood strength, stiffness, and its
market value (Saranpaa, 2003). Wood density is measured as the mass of wood divided
by its volume at a specific moisture content (12% for this thesis) and expressed as kg/m?
(Forest Products Laboratory, 2010). The simplest method of calculating the density of
the wood is to first measure the weight of a wood sample at 12% moisture content as per
ASTM standards (ASTM D2395-02, 2008). After weight, the volume of sample is found
by the water displacement method. The equation D = M/V, where D is the density of the
wood sample, M represents the mass and V is the volume, is used to find the sample
density. Density can also be measured at oven dry, 12% moisture content, fiber
saturation point (FSP) and green.

The density of each tree species changes once moisture is introduced and as the moisture
content increases, the strength properties change (Panshin 1970). The FSP is different
for every species and ranges between 25% and 30% moisture content (Panshin 1970).

2.2.1.2 Directional Properties

Directional properties are important because wood is orthotropic and anisotropic
therefore physical properties will be different when tested along 3 different axes (Forest
Products Laboratory, 2010). The change in dimensional strength characteristics is a
direct result of how the cells are arranged in the wood (Forest Products Laboratory,
2010). With this orientation there is little change with fluctuating moisture content in the

longitudinal axis but a large change in the lateral axis (Forest Products Laboratory



11

2010). For practical purpose, directional properties of wood are distinguished between
perpendicular to grain and parallel to grain (Longitudinal). Perpendicular to grain values
mostly apply to assess its both tangential and radial properties.

For utmost rigidity, strength, and service, each type of fastening requires joint designs
are adapted to the strength properties of wood along and across the grain and to
dimensional changes that may occur with changes in moisture content (Forest Products
Laboratory 2010).

2.2.1.3 Moisture Content

Moisture content is defined as the weight of water in a sample piece and is usually
represented as a percentage (Winandy, 1994). The formula for measuring the moisture
content is: MC = (moist weight- dry weight)/ dry weight) x 100% (Winandy, 1994;
ASTM D4442-07, 2007). The moisture content of a sample may vary depending on the
tree species and usually it varies between 30% to 200% (Forest Products Laboratory,
2010). Moisture content can increase and decrease wood’s strength properties and
therefore it is important to make sure the structural lumber does not fluctuate and loose
strength. Indian rosewood (Dalbergia latifolia) which is native to most provinces in
India weighs about 849 kg/m3 at 12% moisture content (Forest Products Laboratory,
2010). Its texture is uniformly and moderately coarse. Indian rosewood has high strength
properties and is a heavy wood and it gets hard for its weight after drying (Forest
Products Laboratory, 2010).

2.2.2 Mechanical Properties
Mechanical properties of wood are the measures of wood’s potential to resist external

forces that tend to change its shape and size (Winandy, 1994). Some of the mechanical
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properties of wood include strength in tension and compression, shear, cleavage,
hardness, modulus of elasticity (MOE), modulus of rupture (MOR) and toughness.
Samples must be free from any defects to get global standards for testing and comparing
mechanical properties (Winandy, 1994). These properties help to determine maximum
load or carrying capacity a wood sample can withstand (Winandy, 1994). The
properties discussed below include MOR and MOE.

2.2.2.1 Modulus of Elasticity (MOE)

MOE is the potential of a wood sample to bend under low stress and return to its
original form (Forest Products Laboratory, 2010). It can be measured in all 3 axes but
most measured is the measurement perpendicular to the grain (Winandy, 1994; Figure

7). These measurements are important for products such as floor joists (Shmulsky,

2019).

v

Modulus of elasticity (MOE) testing

— —

Figure 7 . A visual representation of MOE perpendicular to the grain (Meier, 2008).

2.2.2.2 Modulus of Rupture (MOR)

The maximum load that a wood sample can withstand before it breaks is known as its
modulus of rupture (MOR) (Winandy ,1994). MOR becomes useful when multiple

species are compared (Meier, 2008).
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Table 1. Strength Properties of white spruce, poplar, and larch.

Species MOE (MPa) MOR(MPa)  Density (kg/m?)
White spruce 12650 63.2 381
Poplar 13180 78.2 419
Larch 11920 79.9 558

Table 2. Strength properties among common North American commercial species
(Hiziroglu 2016).

Species MOE(MPa) MOR(MPa)  Density (kg/m?)
Douglas fir 13000 85 480
Sitka spruce 10000 70 400
White pine 8000 59 350
Eastern red cedar 6000 60 470
Red pine 11000 75 460

2.3 ORIENTED STRAND BOARD (OSB)

Oriented strand board (OSB) can be defined as an important engineered wood product
composed of cross-oriented layers consisting of thin and rectangular strands (Wanzhao
et al., 2020). It is a kind of composite wood panel. Manufacture of OSB employs less
expensive and fast-growing trees. It commercially became popular in U.S. around the
late 19' century (Zerbe, 2015). In terms of fire resistance, OSB has not been as efficient
as Glulam. However, studies are being conducted to create a more fire resistant OSB

sheet using chemical compounds like boron and phosphorous (Ayrilmis, 2020).
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Most used species for OSB manufacturing consists of aspen and pine strands which are
usually 1-2 inches in width, 1/4 — (1- 1/8) inches in thickness and 6-9 inches in length
(CWC 2021). Southern Yellow Pine is often used in U.S. to create OSB. Some other
species that can be used as a filler layer include Birch, Maple, Sweetgum, Poplar (CWC,
2021). Panel quality of OSB depends on each manufacturing step including the species
type as each species has its own fibre characteristics, thereby affecting the final
product’s strength properties (CWC 2021). Table 3 presents some OSB thicknesses and
weights for a panel and Table 4 shows some of the strength properties of OSB samples

examined for the purpose of this thesis.
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Table 3. Thickness and weights available for OSB panels (CWC 2019).

OSB(CSA 0325)
Thickness 1220 x 2440 mm (4 x 8 ft)
Panel Weight
mm. in. kg b
9.5 3/8 18 40
11 7/16 21 46
12 15/32 23 50
15 19/32 29 63
18 23/32 34 76
22 7/8 42 92
28.5 1-1/8 54 120

Notes: Weight calculated based on 640 kg/m3 (40 lbs/cu.ft.)
density and nominal thickness.

Table 4. Strength properties of OSB samples of spruce, poplar and larch.

OSB Sample MOE (MPa) MOR (MPa) Density (Kg/m?)
Spruce 8867 28.31 471
Poplar 11294 21.50 540

Larch 10130 25.70 627
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The manufacturing process of OSB includes a series of steps which consists of log
processing, wafering, drying, blending, orienting, pressing and final trimming (CWC,
2019). Logs are brought from storage yards and soaked in hot water ponds to fasten
debarking and strand formation (CWC, 2019). The strands are then brought to wet
storage bins where they are screened post drying to get rid of fine particles. Drying of
strands takes place in large cylinders with a consistent moisture content of 3-7 percent
(CWC, 2019).

After drying the strands or wafers are blended with resin and wax. This process is
carefully metered to ensure proper resin coverage is achieved (CWC, 2019). After this
the strands are passed to a forming machine where they are arranged in various layers in
the form of a mat where the outer layers are oriented parallel with the panel running in
the long direction and the core layers sit randomly (CWC, 2019). Post layer formation,
the mats are pressed, and this can range up to 24 sheets at a time under high pressure.
Proper layup of the mat and press are necessary to ensure proper thickness of panels.
These are then trimmed to various dimensions and later graded and sorted after
inspection (CWC, 2019). Panels are kept in heated storage where resin undergoes final
curing (CWC, 2019). Customized processing like addition of tongue and grove or
sanding can be done at this stage (CWC, 2019). The final moisture content after the
manufacture process is about 4% (CWC, 2019).

OSB can be used in various forms like subfloors, underlayment, furniture, roofs, and
wall sheathing (CWC, 2021). Experiments are being done to use it has a filler layer in

Glulam products.
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2.4 GLULAM
Glulam is an engineered structural building product which is made up of two or more
layers of lamstock (lumber) that are glued together. The laminations are oriented parallel
to the length of the beam or column (American Institute of Timber Construction, 1983).
Different grades of lumber are used to design different styles of glulam or even different
species depending on the final use of the product (AWC, 2018). Common species which
are used to construct lumber in Canada include Douglas fir, larch, spruce (except Sitka),
pine, and fir (CWC 2020).
Glulam is popular in the commercial and residential building industry as it is stronger
than steel and serves as a clean alternate because of its carbon storage characteristics. It
also provides greater stiffness ratings as compared to normal lumber (APA, 2021).
Glulam could be made into any configuration and style. It has the capability to span up
to 500 feet in certain dome structures and 100 feet in other custom applications (APA,
2021).
Some of the examples of glulam been used as constructing material include the
Mistissini Bridge in Quebec, the Reveley Nursery Facility at the University of Idaho,
Pharmacy Brunet in Wakefield QC, and the Brock Commons residence mass timber
building at the University of British Columbia (APA, 2021; Element5, 2021; UBC,
2015). Glulam can be used in the residential world for garage door headers, columns, I-
joists, ridge beams, and open space designs (APA, 2021). It is common to find high.
ceilings in today's houses, and Glulam provides a very strong yet appealing look

when used as a ridge beam.
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Table 5. Strength properties of glulam samples of spruce, poplar, and larch.

Species Sample MOE (MPa) MOR(MPa) Density(Kg/m? )
Spruce 10038 44.11 392
Poplar 12350 64 475
Larch 11978 59.60 560

The manufacturing process of Glulam is quite extensive and varies from company to
company depending on the tree species used for Glulam stock (Figure 8). The lumber
used in Glulam manufacturing is lamstock, which is a special grade of wood directly
from lumber mills with square corners and not rounded (CWC ,2020). The lumber then
undergoes drying to a moisture content between 7 and 15 percent and multiple pieces
are put together to obtain a high strength dimensional lumber in many cross-sectional
shapes and lengths (CWC, 2020). Maintaining adequate moisture content before
lamination prevents shrinkage and maximises adhesion. The next step involves the
sorting of lamstock based on strength and stiffness and later assessed into beams or
columns (CWC, 2020). Consistent performance of finished lumber is maintained with
the blending process of strength characteristics known as grade combination (CWC,
2020). In this process the outermost layers consist of high strength wood pieces and the
weaker pieces are put into the neutral axis layer (CWC, 2020). A waterproof adhesive is

then used for laminating the end-jointed lumber strips (CWC, 2020).
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Figure 8. Manufacturing process of Glulam (CWC, 2019).
Some manufacturing processes also produce glued lumber with a bow in the upward
direction to reduce its deflection under heavy load and is called cambering (about 2 to 4
mm per metre of length) (CWC, 2020). Finger joints are used as a joinery to end joint
individual pieces in glulam beams and has numerous benefits related to strength (BFP,

2021).
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MATERIALS AND METHODS

The initial methods and materials used for studying the wood properties included
OSB board, and wood boards of Larch, Spruce, and Poplar. Ten 2 x 2 x 30cm wood
pieces were cut for each species (Larch, Spruce, and Poplar) and OSB was also cut into
ten 2 x 2 x 30cm pieces. The ASTM D 3737-08 ( ASTM International, 2010) standard
for testing wood pieces was followed. This ensures that the results from this study can
be compared to the published values.

The wood pieces were cut at the Lakehead University Wood Science and Testing
Facility (LUWSTF). The first batch included 40 sample sticks of just the solid wood
with no glue line in the middle (controls). These sticks were sampled and then kept in
the conditioning chamber for about a week with 65% RH and 20-degree Celsius
temperature to attain a moisture content of 12%. An optimum percentage of 12 is the
best level of moisture content. Second batch included the glued wood where all the 4
sample categories (poplar, spruce, larch and OSB) were glued separately into a three-
layer beam, and the last batch included the glued wood where OSB was used as a
neutral axis layer between wood pieces of larch, poplar, and spruce individually. Every
category included 10 samples forming a total of 120 samples with 40 solid sticks, 40 3-
layer glued sticks with no OSB centre layer, and 40 glued sticks with OSB as the centre
neutral axis layer. Examples of glued sample glulam’s are shown in Figures 9 and 10.
The samples were then kept in the conditioning chamber again to maintain the optimum

moisture content of 12% until testing occurred.
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Figure 9 . Glued samples kept for drying.

Figure 10 . Picture showing spruce sample glued with OSB as a neutral axis layer.
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For testing MOE and MOR, the testing procedure involved a 3-point flexure tool on a
universal wood testing machine (Tinius Olsen Hk10 and 50) set up as shown in figure
11 below. The samples were tested under the ASTM D 7341 (ASTM International,
2021) standards to generate the design capacities which outline code recognition and the
capacity per unit dimension. The samples were placed in the testing tool on the machine
where it was connected to the computer system to showcase the values and patterns
obtained from the machine runs. Results were obtained using the Test Navigation
Software, which were further categorized and tabulated to be compared with solid
control sample values. The samples were further cut into blocks of fixed measurement to
perform density tests following the mechanical test of each sample stick. Water
displacement method was used to calculate the volume of each sample and weight was
measured on a scale. The values were added into excel and the density formula of
mass/volume was used to obtained density of the wood blocks at 12% MC. The average
values of MOR, MOE and density for all tests were put together in a table and then
compared with the solid wood control samples.

The values obtained from all the samples were then statistically compared using
ANOVA through STATA 16.1 software to see if there is any significant difference
between the samples and to analyze which combination of wood samples could be the

best alternative of typical species that are currently being used in glulam manufacturing.
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Timius Ols=sen

Figure 11 . A 3-point flexure machinery set up at the Lakehead University Wood
Science and Testing Facility.

RESULTS

The values for MOR, MOE, and density for glued categories of wood samples were
compared with the solid wood sample values. The values for all the results are presented
in tables as well as in charts below. For the solid samples, MOE for spruce, larch and
poplar ranged between 11000 MPa and 13500 MPa (Table 6, Figure 12). The OSB on
the other hand had 6040 MPa (Table 6, Figure 12). Under normal conditions MOE
values above 6000 MPa show promising elasticity properties of wood. Similarly for
MOR the numbers lied between the standard values found among common North
American commercial species. The OSB MOR value was lower (26.30 MPa) in this
case as well (Table 6, Figure 13). The highest value of MOE was shown by poplar at

13,180 MPa, followed by spruce 12,650 MPa and larch at 11,920 MPa. OSB wood
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samples showed the least strength of elasticity with value of 6040 mPa (Table 6, Figure
13).

The average values of MOR for the 3 tested species were highest for larch at 79.90 MPa
(Table 6, Figure 13). Poplar displayed a MOR of 78.20 followed by spruce at 63.20
MPa and OSB at 26.30 MPa (Table 6, Figure 13).

The second category of samples was individually glued samples of wood as a
combination of 3 layers of spruce, 3 layers of poplar, 3 layers of larch, and 3 layers of
OSB. These were labelled as SpruceLam, Larchlam, PoplarLam and OSBLam. During
testing some of the pieces broke off due to glue coming off which led to reduction in the
number of samples at the final readings. For SpruceLam the result for MOE was
10,038.50 MPa and 44.11 MPa for MOR (Table 6; Figure 12 and 13, respectively).
LarchLam displayed an MOE of 11,978.50 MPa and MOR of 59.60 MPa (Table 6;
Figure 12 and 13, respectively). Grand mean values for PoplarLam’s MOR and MOE
were 64 mPa and 12,350 MPa, respectively (Table 6; Figure 12 and 13, respectively).
The average values of MOE and MOR were again small for OSBLam. Average MOE
for OSBLam was 4170 MPa and average MOR was 14.70 MPa (Table 6; Figure 12 and
13, respectively).

Lastly, the values for glued samples with OSB as the neutral axis layer showed
prominent numbers. The spruce OSB spruce sample set (SprOSBSpr) had 8867.50 MPa
as its MOE and 28.31 MPa as its MOR (Table 6; Figure 12 and 13, respectively). The
second sample set was Larch OSB Larch (LarOSBLar) and its values were 10,130 MPa
for MOE and 25.70 MPa for its MOR (Table 6; Figure 12 and 13, respectively). Poplar

OSB poplar set (PopOSBPop) showed highest value of MOE AT 11,294.28 MPa
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amongst all the other OSB glued wood and its average MOR value was 21.50 MPa
(Table 6; Figure 12 and 13, respectively). A unique set of samples were made where
OSB formed the outer layer and spruce was the middle layer (OSBSprOSB). The mean
MOE value for this set was the lowest 5660 MPa and the average MOR value was 22.50

MPa (Table 6; Figure 12 and 13, respectively).

Table 6. Average MOE and MOR for different sample species.

Sample No. of MOE (MPa) MOR(MPa)

species samples

Spruce 10 12650.00 63.20
Larch 10 11920.00 79.90
Poplar 10 13180.00 78.20
OSB 10 6040.00 26.30
SpruceLam 7 10038.50 44.11
LarchLam 7 11978.50 59.60
PoplarLam 10 12350.00 64.00
OSBLam 10 4170.00 14.79
SprOSBSpr 8 8867.50 28.31
LarOSBLar 10 10130.00 25.70
PopOSBPop 7 11294.28 21.50

OSBSprOSB 10 5660.00 22.50
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Figure 12. Graph showing average MOE (MPA) for all samples.

90.00
80.00
70.00
e 60.00
S 50.00
b 40.00
>
< 30.00
20.00
10.00 I I
0.00
z X ) < < QA ®
& & OQ\’b $ Q}g,(“ \,,b@ J\\/,b@ %\?@ Q)(,)Q Q)\;b <§o pg
K VvV F & P o) S R
I N M s~
R Q KT K P

Sample Species

Figure 13. Graph showing average MOR (MPA) for samples.
The grand mean densities of all the different sample sets are shown in figure 14 and
table 3 below. The average density was expressed in kg/m? and for solid sample species
it ranged between 300 and 600 kg/m? (Table 7, Figure 14). Spruce had an average
density of 381.80 kg/m>, poplar’s grand mean density was 434.40 kg/m?, larch at

557.85kg/m?, and OSB’s average density was 613.21kg/m> (Table 7, Figure 14).
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The average densities for the 3-layer samples were in the same range as that of the solid
samples for each different species. For SpruceLam the mean density was 391.93 kg/m?,
475.23 kg/m? for PoplarLam , around 600 kg/m? for LarchLam, and 698.46 kg/m? for
OSBLam (Table 7, Figure 14).

The third set of samples followed the same pattern with SprOSBSpr having an average
density of 471.45 kg/m?, PopOSBPop displayed a mean density of 540.16 kg/m?, while
LarOSBLar had the highest average density of 627.86 kg/m® (Table 7, Figure 14). The

average density value for OSBSprOSB was 588.12 kg/m? (Table 7, Figure 14).
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Table 7. Average density values for all sample groups.

Sample Average Average
Species Density (g/cm?) Density (kg/m?)
Spruce 0.381 381.80
Larch 0.557 557.85
Poplar 0.434 434.40
OSB 0.613 613.21
SpruceLam 0.391 391.93
LarchLam 0.559 559.29
PoplarLam 0.475 475.23
OSBLam 0.698 698.46
SprOSBSpr 0.471 471.45
LarOSBLar 0.540 540.16
PopOSBPop  0.627 627.86
OSBSprOSB  0.588 588.12
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Figure 14. Graph showing the average densities for all samples groups.
After comparing the strength properties of all samples together, samples were also
compared in specific categories in which they were tested. Statistical comparison of
results included comparison of strength properties (density, MOE, and MOR) of all 3
sets of OSB samples (SprOSBSpr, PopOSBPop and LarOSBLar). Second comparison
type was done between strength properties of spruce solid wood and laminated wood
samples (SpruceLam, PoplarLam and LarchLam). Lastly, strength properties of spruce
solid wood were compared with OSB strand samples of spruce, poplar and larch.
Figure 15 shows density, MOE, and MOR values for different OSB samples. Density
for different OSB samples ranged between 471.5 Kg/m3 and 627.9 Kg/m3 with
LarOSBLar having the highest value of 627.86 Kg/m3 and SprOSBSpr with the lowest
value of 471.5 Kg/m3. PopOSBPop has the highest MOE of 11,294 MPa and
SprOSBSpr stands with the highest MOR of 28.31 MPa followed by LarOSBLar at

25.70 MPa.
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Figure 15. Graph showing comparison of strength properties of different combinations
of OSB samples.

Figure 16 below compares the strength properties (density, MOE and MOR) of spruce
with 3-layer OSB samples of spruce, poplar and larch. LarOSBLar had the highest
density of 627.90 Kg/m> whereas spruce solid wood sample had the lowest density
381.80 Kg/m* . MOE for all the samples ranged between 8867.50 MPa and 12,650 MPa
with spruce with the highest MOE and SprOSBSpr with the lowest MOE value. Spruce
solid wood sample had the highest MOR of 63.20 MPa while SprOSBSpr, PopOSBPop

and LarOSBLar ranged between 21.50 MPa and 28.31 MPa.
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Figure 16. Graph comparing strength properties of spruce solid sample and OSB
samples.
Comparison of spruce solid wood and different samples of laminated wood (SpruceLam,
PoplarLam and LarchLam) can be seen in Figure 17 where laminated sample of larch
(LarchLam) stands with the highest density of 559.30 Kg/m®> while spruce solid wood
sample had the lowest density of 381.80 Kg/m>. Spruce had the higest MOE (MPa) of
12,650 MPa and PoplarLam was close as well at 12,350 MPa. PoplarLam showed the
highest MOR (MPa) value of 64 MPa followed by spruce wood sample at 63.20 MPa.

SpruceLam sample showed the lowest value for MOR which was 44.11 MPa.
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Figure 17. Graph comparing strength properties of spruce solid wood and laminated
wood samples.

The results obtained from analysis of variance (ANOVA) are shown in the tables below.
Table 8. Shows the significant difference in variance of mean MOE between all sample
types. The p-value was less than 0.05 (level of significance) which proves that there is
significant difference in MOE between samples. Similarly, the p-value was less than
0.05 for MOR and density analysis of samples as seen in Table 9. and Table 10.
Respectively. This indicates that MOR and density are also statistically significantly

different.
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Table 8. ANOVA of MOE for all samples.

Source SS df MS F Prob >F
Between groups 131658158 8 16457269.7  2.60 0.0152
Within groups 443845273 70 6340646.76

Total 575503430 78 7378249.11

Table 9. ANOVA of MOR for all samples.

Source SS df MS F Prob >F
Between groups 35795.4651 8 447443313  62.86 0.0000
Within groups 4982.36108 70 71.1765868

Total 40777.8261 78 522.792643

Table 10. ANOVA of Density for all samples.

Source SS df MS F Prob > F
Between groups 520122.366 8 65015.2957  119.34 0.0000
Within groups  38134.549 70 544.779272

Total 558256915 78 7157.13993
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DISCUSSION

The global wood market has a wide variety of wood from softwood lumber to veneer
logs. The global glulam and OSB industry have been more and more successful in
recent years due to new applications for these engineered wood products (Albee, 2019).
The results obtained above tell that the samples glued with OSB as the middle layer
showcased promising values. As described earlier a good quality wood has an average
MOE range above 6000 MPa and all the OSB laminated wood samples had their
average MOE greater than or around 6000 MPa (CWC, 2021). MOR values for poplar
samples were quite low but they show potential of holding a good amount of load by
enhancing the mechanical properties of the species by modification and reinforcement
(Wang et. al 2019). Large dimensional lumber is increasingly becoming hard to locate
and harvest (Wilson 1991). This indicates that Glulam has the potential to provide a
solution for speciality sized lumber. Glulam and OSB products can be used to create

impressive dimensions as solid wood beams are becoming difficult to acquire (

Williston 1991). The objective of this study was to examine if OSB could perform well
as a neutral axis layer as an alternative to typical species used in terms of mechanical
and physical strength. Some of the samples have as a result given feasible values. Larch
performed the best in terms of its average MOE (10,130 MPa) and MOR (25.70 MPa )
when glued with OSB. In terms of average density Larch glued with OSB (627.86
kg/m?) showed greater average density as compared to the solid samples tested in set 1.
These results show considerate values for MOE and MOR when OSB is one of the
layers (neutral axis layer and not the compression or tension layers). CLT prepared with

poplar as the transverse layer has lower density, but better interlaminar shear performance in the
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major strength direction (Mingyue Li 2022). Also, this was a preliminary study involving
only 10 samples for each category where some samples were outliers due to defects not
seen in the samples prior to testing. After comparing statistics for different combinations
of samples, it was discovered poplar species would be a feasible alternative for

manufacturing engineered wood instead of the typical spf species.

On comparing 3- layered OSB samples it was determined that poplar had the highest
density (627.90 Kg/m® ) , highest MOE (11,294 MPa) out of all the four comaprisons
(SprOSBSpr, PopOSBPop and LarOSBLar). For MOR, spruce glued with OSB strand
had the highest value of 28.31 MPa. It should also be noted that poplar did not show a
high value of MOR, but it is shows good range of strength properties which makes it a
good choice for glulam manufacture. It will be evident to say that if studied and
researched with more samples, results would be statistical more feasible and show
acceptable strength values for these engineered wood products made with OSB in the

neutral axis layer.

Poplar(laminated) had highest values for MOR and density 64 and 559.30 Kg/m*® when
compared with spruce solid wood sample and other laminated samples (LarchLam and
SpruceLam). Although MOE value for laminated poplar sample (12,350 MPa) was
lower than solid sample of spruce( 12,650 MPa) but it was still close. When OSB
layered samples were compared with solid spruce sample, PopOSBPop had the highest
density of 627.90 Kg/m? showing that this species would be able to provide better
strength, physical and mechanical structure if used in glulam industry. Spruce resulted in
higher MOR (63.20 MPa) and MOE(12,650 MPa) but poplar was quite close (11,294

MPa) to spruce solid sample for MOE value. Use of underutilized species in glulam
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manufacturing would have lower design values, they will have the advantage of being
produced from a raw material that need not be in a log size large enough for peeling into
veneer (Smulski 1997). The results show that underutilized species like poplar have the
potential to be used as alternative species for engineered wood. Engineered wood
products are environmentally conscientious and will be beneficial in various aspects of
the wood industry. One such examples is at University of British Columbia where an
eighteen - story wood building was completed in 2016 using engineered wood products
(CLT and glulam), showing potential of OSB in tall mass timber buildings (UBC 2016).
This means such engineered wood products have potential to succeed commercially as a
value-added product if tested and manufactured properly. This could bring a revolution
in the wood products market and shift the industry’s focus to a more affordable,
competitive, and sustainable building movement. One such study was done by Ali
(2014) where beech and poplar strands were used as core layer to manufacture OSB and
the results showed that poplar panels showed higher MOR and MOE with different level

of fines content (Akrami et. al 2014). This was clearly depicted in our results too.

The ANOVA analysis shows that the sample values obtained from lab experiment are
statistically significantly different between samples. From the literature review, it was
evident that poplar would be the best substitute to be used as a neutral axis layer in
engineered wood manufacturing instead of the species that are currently used (spruce in
this case). After comparing the ANOVA analysis between spruce wood sample and
poplar- OSB (PopOSBPop) sample, it was found that average MOE between these two
samples had no significant difference (as p-value is >0.05). This shows that the MOE

values between spruce and poplar-OSB are similar( also seen in Figure 16.).ANOVA
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results for density and MOR between spruce samples and poplar-OSB (PopOSBPop)
samples show significant difference (p-value is < 0.05) where poplar-OSB samples had

greater density and smaller MOR mean value as also seen in Figure 16.

These results support our hypothesis that poplar (an underutilizes species) would be a
good potential replacement for species currently been used commercially. Also, it was a
preliminary study and with these results a larger study can be extrapolated by increasing
sample numbers and using feasible sample sets. Smaller studies like this help show the

potential to focus on larger studies and find substitutes of mainstream wood products.

The appeal for mass timber production which includes Glulam, OSB, Cross Laminated
Timber (CLT), and Laminated Veneer Lumber (LVL) arises from finding alternatives to
typical solid lumber species , concrete and steel (Albee 2019). Changes in the
International Building Codes (IBC) have significantly increased Glulam utilization
(MTCC 2021). OSB has continuously competed with plywood in the residential and
industrial sectors; however, OSB now accounts for more volume than plywood in the

residential sector (Omar 2020).
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CONCLUSION

The Glulam market and the wood-based panel markets are rising worldwide. This is
opening doors in providing materials necessary for new research and finding new ways
of product utilization. There is a surplus of underutilized wood in Canada which has the

potential to reduce the economic stress laid on the typical SPF species.

Every year new applications of engineered wood panels (OSB) are found, and their
manufacturing techniques are also improving. This enhances the physical and
mechanical properties of the engineered wood. These attributes when combined with the

benefits of larch, poplar or birch could work as a success in Glulam production.

Complete reliance on SPF species for engineered wood production could leave glulam
industry at risk of natural disasters like forest fires, disease, and insect infestation. This
would impact the Glulam industry, residential and industrial building markets as
Canadian forest industry is no stranger to natural disasters. Therefore, use of alternative
species (Larch, Poplar, Birch etc.) and OSB in manufacturing of glulam products could
increase the industry’s resilience to these natural risks. This would ultimately save
exploitation of trees, save wood, and help develop an environmentally sustainable

building movement.
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