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While labour shortage increases in Canada (RBC 
Tought Leadership, 2021), industrialized and offsite 
construction solutions are gaining the interest of 
the traditional construction sector. An automated 
process has stringent tolerance requirements for 
product dimensions, such as maximum allowable 
wane and warping. Products that do not meet these 
tolerances create problems in the process flow, and 
hence reduce productivity and quality. In addition, 
the assembly of building components is moved 
from on site to off site. This move calls for the 
integration of different processes. It requires 
adjustments in raw material characteristics. 
Therefore, the forestry industry can gain from the 
opportunity to adapt its processes to provide 
dimensionally stable products to the construction 
industry. 

Understanding Dimensional Stability 
Wood and Moisture 

Wood is known for its hygroscopic properties. It tends to 
equalize its moisture content (MC) with ambient conditions 
(temperature and relative humidity). Depending on wood 
MC, water can be found in two forms: free and bound. 
When wood dries, free water is the first to evaporate. 
When wood reaches around 30% MC, bound water begins 
to evaporate. Evaporation of bound water causes cell walls 
to shrink and come together, a phenomenon known as 
wood shrinkage. The reverse happens when wood takes in 
moisture, which is called wood swelling. Together, 
shrinkage and swelling of wood create dimensional changes 
in wood as it interacts with water in the environment. 

Warp 

Any face or edge deviation in lumber that limits its flatness 
is called warp. Warp is the major defect occurring during 
drying wood. Differences in radial, tangential and 
longitudinal shrinkage cause differential shrinkage, the 
main cause of warp. Growth stresses can also reveal warp 
as an inherent and more difficult to control cause. There 
are four common types of warps: cup, crook, bow, and 
twist as shown in Figure 1. Cup results in a deformation in 
the transverse plane of a piece, creating a deflection across 
board width. Crook and bow result in a deflection along 
board length, relative to edges and faces, respectively. 
Finally, twist results in a rotation of the board along its 
longitudinal axis. 

Dimensional Stability 

Dimensional stability is the ability of a sawn board to 
maintain its original shape after drying or when exposed to 
various humidity levels. It also refers to the board staying at 
the same level of warp allowed by the grade that was 
allocated during quality control. The anisotropy of wood, 
estimated from the ratio between tangential and radial 
shrinkage, can be used to estimate the dimensional stability 
of wood. Since shrinkage is intrinsic to species, some are 
more stable than others. However, as explained below, 
other physical characteristics of wood involve anisotropy 
sufficiently to cause warping.  

Figure 1. Types of wood warping (Garrahan et al., 2010). 
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Causes of Warp  

Many causes of warp development are inherent in wood 
and come from the nature of tree growth. Some of the 
inherent warp may be influenced by forestry practices, such 
as precommercial thinning to decrease tree competition, or 
natural conditions like wind exposure and soil slope 
variation.  

Those are the common inherent causes of warp in lumber:  

• Juvenile wood (presence of pith) 
• Compression wood 
• Slope of grain 
• Wood species 

Other causes of warps are induced by external forces that 
can and must be controlled. Partial control is possible if we 
know the root causes and learn to apply that knowledge. 
Since it is possible to exercise some controls over warp and 
dimensional instability, we should make every effort to 
increase lumber quality for the construction industry.  

Best Practices to Reduce Warp and 
Improve Dimensional Stability 
Wood Anatomy Sorting 

As an inherent character, warping can be evaluated based 
on species. Anatomically, wood species can differ in the 
proportion of their three major components (cellulose, 
hemicellulose, and lignin), the ratio of early wood to late 
wood, as well as severity of juvenile wood and density. All 
the factors impact the ability of wood to interact with 
water, meaning its drying mechanism.   

A recent study conducted by our team compared the 
dimensional stability of black spruce and balsam fir. 
Regarding the species anatomy, balsam fir is not as 
sensitive to compression wood as black spruce is. A study 
by Ladell (1968) showed that compression wood in black 
spruce can reach 14% in volume. With compression wood 
higher specific density up to 30% to 40% (Sinclair 1984) 
than normal wood and higher ratio of lignin on cellulose, 
important warp defect is more common to occur. 
Addressing the presence of compression wood on the 
green line would help improve dimensional stability and 
reduce warp of the final lumber pieces. By comparing 
samples without compression wood, a recent study by our 
colleagues showed crook, bow and twist changed more 
significantly for black spruce than for balsam fir between 
17% and 12% MC (Figure 2). This means that black spruce is 

less dimensionally stable than balsam fir. Knowing the 
dimensional stability potential of species would help sort 
lumber before drying and grading to achieve a uniform 
tolerance of warp for offsite construction manufacturers. In 
addition, drying schedules should adapt to thickness, grade, 
and end-use. The specified moisture content is easier to 
obtain with uniform anatomical and lumber product 
parameters. 

 

Figure 2. Comparison between balsam fir and black spruce 
warpage at 17% and 12% MC. 

Optimized Cutting Patterns 
If resources are available and product baskets are allowed 
to vary, reducing the effects of the inherent warp can be 
achieved at the beginning of log transformation. While 
working with the best practices from drying to storing, 
cutting patterns can be optimized to offer higher 
dimensionally stable lumber. Nowadays, these patterns are 
determined by computers to optimize based on the 
monetary value of a product basket. By adding new 
parameters into the equation, like pith inclusion, the output 
level of dimensional stability can also be evaluated. 

A study by Gendron, Lafond, & Lavoie (2021) has been 
conducted to assess the relationship between the 
development of warp and different physical characteristics 
of sawn pieces. Variables investigated include species, final 
moisture content, compression wood, average and 
differential annual ring orientation (end-to-end), average 
and differential juvenile wood proportion, average and 
differential growth rate, as well as grain slope. The results 
show that sawing pattern has an impact on the dimensional 
stability of products by positioning the pith in the pieces. 

A sawing pattern simulation tool, as Optitek developed by 
FPInnovations, could be used with further coding to model 
pieces including the presence of pith. This could simulate, 
among other things, sawing operations prioritizing the best 
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possible dimensional stability rather than simulations 
optimizing sawing breakdown based on product value. The 
practice could allow the existing grades to be adjusted 
according to product dimensional stability. Lumber value 
could increase if the product is naturally more stable for 
industrialized construction, and specific grades could be 
created for prefabers. A selection of more potential stable 
pieces at the sawmill green line coming from cutting 
patterns is also a short-term solution to improve pieces 
with higher dimensional stability. 

Stacking Practices and Top Restraint 

During kiln drying, green wood is less stiff due to its high 
MC and temperature. Variations in thickness of stickers 
and/or lumber can induce warp in wood that stays after 
drying. Stacking practices are then a major factor to 
prevent warp in lumber. All stickers should be aligned 
vertically, and thickness should not vary. A study by 
Normand & Savard (2007) recommended a 24-inch sticker 
spacing for products with higher inherent warp and 
confirmed the measure to be beneficial regarding the cost 
increase. Using the 24-inch sticker spacing combined with a 
vapor treatment had the most gain in monetary value 
between the solutions tested by Savard (2004). Adding a 
weight on top of pile may force deformation during the 
plastic state to achieve straight lumber when there is a 
deformation at the green state but also forbid the cupping 
around the sticker areas (Garrahan, 1997). The list below 
should be followed to achieve best stacking practices: 

• Align stickers vertically 
• Uniform stickers thickness  
• Quality control to discard damaged stickers 
• Sticker minimal spacing of 24 inches  
• Use more stickers for lumber with high inherent 

warp 

Drying Conditions 

The action of drying wood in a kiln is directly related to 
removing water from lumber under its saturated point. 
Shrinkage will inevitably occur and follow the intrinsic 
anatomical attributes of wood. Wood drying expertise has 
evolved over the years, and techniques have been 
developed to minimize warp, while optimizing time and 
energy in this expensive process. 

When the appropriated end-use MC is decided, tools and 
procedures should be implemented to shut down the kiln 
accurately and at the precise final MC. An equalizing step at 

the end of the drying cycle will help to uniformize MC 
between and inside pieces. Drying conditions (airflow, 
temperature, humidity) need to be controlled throughout 
the schedule to help achieve a more uniform final MC. The 
use of efficient baffles will also reduce the possibility to 
over-dry the upper rows and lead to a more balanced MC in 
the load (Garrahan, 2010).  

Commercial lumber is dried below 19% MC while the 
typical end-use in a structural application would indicate a 
lower MC. The air in a building heated to 21°C will 
commonly have a relative humidity between 45% and 65%. 
Therefore, due to hygroscopicity, wood as a construction 
material will vary between 8% and 12% MC over its service 
life. The dimensional stability of engineered wood products 
in high-rise buildings lies, among other things, in their lower 
MC during installation, which varies between 4% and 15%. 
To adapt to the prefabricated industry, lumber should be 
dried to a lower MC than that of commercial lumber. While 
at the green state, lumber should be sorted regarding its 
ability of dimensional stability and grouped as preferred 
wood for industrialized construction in a kiln. The final MC 
should be around 12% to 15%. 

Material Handling and Storage 

After drying and before shipping to the next manufacturing 
step or end-use, lumber needs to be moved and stored 
adequately to prevent warp. Weather protection is 
essential; otherwise, the top row should be discarded. 
Plastic cover is a conventional and an effective practice to 
reduce the change in MC both indoor and outdoor, even in 
rainy areas. 

Covered sheds will protect wood from weathering. 
However, uncontrolled environment and closed room could 
lead to an undesirable equilibrium MC of the air. When 
stored to uncontrolled environments, a study from Lavoie & 
Savard (2002) demonstrated that twist was the main reason 
of downgrade for black spruce lumber. For higher quality 
grade, specified MC should be near the equilibrium at the 
end-use location.  

Prolonged period of storage with defective piling practices 
will lead to warp. The list below should be followed for best 
handling and storage practices. 

• Use of plastic or metal strapping 
• Even driving surface 
• Move package smoothly 
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• Solid floor base 
• Plastic wrap if stored outside 
• Controlled environment or ambient condition 

giving similar wood MC equilibrium 
• Reduce storage period 

Conclusion 

Lumber dimensional stability is an increasing concern as the 
construction industry begins to move to an increasing level 
of automation. Wood warp can be inherent or induced. It is 

important to consider applying all the best practices to 
reduce warp and to maintain the dimensional stability of 
the products along the process. Optimizing cutting pattern 
to eliminate inherent warp is possible with the use of 
simulation tools, but pre-sorting of potentially stable pieces 
coming from sawing patterns should be considered first 
due to its non-disruptive nature to the current practice 
(Figure 3). 

 

 

Figure 3. Best practices to reduce warp in lumber 
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