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Introduction
In general, the Canadian sawmill industry is facing
an increase in the proportion of fir in its supply of
the spruce, pine, and fir (SPF) species. This is putting
pressure on the drying process because fir takes longer
to dry than spruce and pine. Losses in value, due
mainly to under-drying and over-drying, are commonly
noted for fir.
The findings of recent studies from both eastern and
western Canada have shown that the drying behaviour of
subalpine fir (A. lasiocarpa) and balsam fir (A. balsamea)
is similar, which allows common solutions to be applied
based on research conducted on one species of fir or the
other. This article summarizes previous research findings
and good practices that can be adopted in the short term
to improve the drying of fir.

Physical properties
Initial moisture content
Fir’s initial heartwood moisture content (MC) is higher
than that of spruce and pine. This means there is more
water to evaporate. The initial MC variability is also
higher, which results in greater variability of the final MC.
For these two main reasons, the drying times are two to
three times longer for fir than for spruce and pine.
The MC differs depending on the location in the log; for
example, the MC of sapwood is much higher than that
of heartwood. FPInnovations’ Drying Spruce–Pine–Fir
Lumber manual (Garrahan et al., 2010) states that the
initial MC of balsam fir averages 173% for sapwood and
88% for heartwood, a ratio of 2:1. For subalpine fir, the
MC averages 153% for sapwood and 56% for heartwood,
a ratio of 3:1.

Wet pockets
A wet pocket is defined by a zone of wetwood (wood
with a higher MC than the wood surrounding it). In green
wood, it typically appears as darker areas that look
wetter than the surrounding wood. Figure 1 shows a
sample of subalpine fir in a green state with dark streaks
in the wetwood area.

Figure 1. Sample of green subalpine fir with darker streaks in
the wetwood area.

Some species such as balsam and subalpine fir are
predisposed to developing wet pockets. Trees of these
species may exhibit a particular “genetic” defence
mechanism following a trauma caused by natural or
artificial pruning, soil chemical composition, or unusual
weather conditions. Also, a link has been established
between the presence of anaerobic bacteria and the
presence of wet pockets.
The location of wet pockets (i.e., in heartwood and
the border between sapwood and heartwood) makes
second-growth or large trees more liable to having a high
incidence of wet pockets. The initial MC in wet pockets
is close to sapwood’s MC. The higher amount of water in
pieces that contain wet pockets results in a higher mass
of those pieces.
Pieces that contain wet pockets are often downgraded
after drying for under-drying, and therefore, should be
given special attention. These pieces, which most often
come from the logs’ centres, have little or no wane;
therefore, they have a very high potential value. When
downgraded to Economy quality due to a high final MC,
they are subject to a significant loss in value (25%–50%
of the potential value). Better drying of these pieces will
improve the value of the product basket.

Permeability
Permeability is defined as the property of porous
materials that allow fluids (liquid or gas) to pass
through them. This property becomes an indicator of
drying behaviour (in this case, the liquid is the water to
be evaporated). Laboratory measurements on balsam fir
and subalpine fir have shown that sapwood is the most
permeable, heartwood is the least permeable,
and the permeability of wood in wet pockets ranks
between them.

Drying behaviour
The physical properties discussed above help in better
understanding the drying behaviour of balsam and
subalpine fir.
Sawn lumber comes mainly from heartwood because
sapwood is mostly converted to wood chips. To
determine the drying behaviour of fir, it is therefore
necessary to refer more to the permeability values of
heartwood and wood in the wet pockets.
The drying rate of pieces that contain wet pockets differs
somewhat from that of normal wood. The main reason
for the increase in drying time for the pieces with wet
pockets is believed to be due to a higher initial MC in
wetwood than in normal wood.

There are solutions
There is obviously no miracle for drying balsam and
subalpine fir. However, the findings of several previous
studies and industrial trials suggest there is a range of
solutions for improving drying.

Adaptation of the drying program

between 28 and 48 hours at a dry bulb temperature
ranging from 190°F to 200°F (88°C to 93°C). The
proportion of under-dried pieces (> 21% MC) was 8%–
12%, while the proportion of over-dried pieces (< 10%
MC) was 6%–8%.
The warnings about the program used to dry fir are
particularly applicable to the conditions used at the
beginning of drying. Since fir has low density, the use of
a high drying temperature combined with a significant
drop in wet bulb temperature can lead to cell collapse.
Overly harsh conditions at the end of the drying program
will affect the variability of the final MC.

Pre-sorting
All batch processes deserve attention for their variability
and the means to reduce it. To dry fir properly, it must
first be sorted by species and then treated individually
when dried. Sorting can be done in the forest or at the
sawmill. If the proportion of fir in the overall supply is
low, the fir can still be dried with spruce and pine.
Previous studies have shown a good correlation between
the MC or pieces’ mass and drying time of fir (Savard,
1995). Pre-sorting based on these various properties
will provide gains in productivity and wood quality.
Each situation is unique and must be considered;
nevertheless, previous work done by FPInnovations
showed that productivity gains of approximately 5% to
15% can be achieved by pre-sorting into two groups of
fir. OASIS software can be used to evaluate different
strategies for pre-sorting.
A proportion of fir having light weight and/or a low
moisture content can be dried with spruce and pine.
Depending on the characteristics of the fir supply, the
proportion may vary but is generally between 5% and
10%. The slower drying sort (wetter or heavier) should be
air pre-dried in an air drying park (Figure 2).

Due to a significant variation in initial MC, a customized
program reducing the severity of drying conditions can
make it possible for unsorted fir to dry evenly. Obviously,
this approach will have an effect on productivity (drying
time). A global increase in drying time linked to reducing
the severity of drying conditions can, however, reduce
the risks of developing drying defects. Recent studies
on balsam fir have shown that changing the drying time
from 88 to 175 hours by reducing the severity of drying
conditions reduces the percentage of over-dried pieces
(< 11% MC) from 65% to 3%.
Many trials that combined low-temperature pre-drying
conditions with conventional drying were also tested
using subalpine fir (Lazarescu & Star, 2019). The best
observed combination was a period of pre-drying at
120°F (49°C) for 120 hours followed by a drying period
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Figure 2. Air drying park in line-type configuration.

Pre-sorting at the sawmill requires sufficient capacity in
the bin’s sorter. If its capacity is limited, consideration
may be given to prioritizing items produced in a larger
volume. Winter is the critical season for drying. Colder
temperatures and higher initial MC due to limited predrying between sawing and drying increase drying times.
Pre-sorting strategies to maintain productivity are even
more important during this season. It is therefore very
important to consider using an efficient pre-sorting
system for frozen wood.

Notwithstanding the downgrading of excessively wet
pieces, the use of pre-drying and air-drying methods
results in an increase in the value of the products,
ranging from $2 to $4/Mfbm. Spring and summer
are the best seasons for this type of pre-drying and
air-drying practice. Figure 4 shows a drying curve for
balsam fir that was air dried during summer. Any drying
operation that operates using pre-drying or air-drying
conditions will also provide significant gains in quality.

Air velocity: an ally
An increase in air velocity above the fibre saturation
point promotes productivity gains. Previous studies
have shown an approximately 2% productivity gain for
every 100 feet (30.5 m) per minute increase in air velocity
(Figure 3).

Figure 4. Moisture content of balsam fir during air-drying in summer
(Tremblay, 2003).

Post-sorting and re-drying

Figure 3. Relation between drying time of balsam fir and air velocity
(Lavoie & Normand, 2007).

Increased air velocity also promotes more uniform
drying conditions throughout the stack, which helps ensure a better distribution of the final MC. Recent studies
have shown that increasing air velocity contributed to a
reduction in the proportion of over-dried pieces.

Pre-drying or air-drying
Pre-drying or air-drying greatly improves the distribution
of the final MC, which frees up the drying capacity of
kilns. Previous studies on unsorted balsam fir have
shown that final MC standard deviations may be reduced
from 8.7% to 5.7% and 8.7% to 2.4% by using pre-drying
or air-drying methods, respectively.

The practice of re-drying makes it possible to limit
over-drying and make the pieces that are still wet after
conventional drying consistent with the others. This can
be done by using conventional drying to dry loads of
rough and still wet pieces that have been re-stickered
at the planer mill. Re-drying operations can increase
drying costs by approximately 25%–40%.
FPInnovations (Lavoie, Tanguay, & Kendall, 2016)
studied the method of re-drying through a continuous
high-frequency process that was integrated into a
production line (no handling), which limits operation
costs. The test results showed that it was possible to
reduce the final MC standard deviation of re-dried
balsam fir pieces to 2.6% at a re-drying rate of 17%/
hour. The technology is currently at the demonstration
stage on an industrial scale.
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On a positive note
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Figure 5. Planed balsam fir lumber that remained straight after drying.
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for improving the drying of balsam fir and subalpine fir
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which can achieve even greater gains. FPInnovations’
drying specialists can provide technical assistance in
developing potential drying improvement scenarios
and adopting the most appropriate methods and
techniques for your business.

Tremblay, C. (2003). Essais de séchage et
pré-séchage à l’air libre dans le cadre du projet Revue
et optimisation des options de séchage du sapin
baumier (Projet no. 3259). Forintek Canada Corp.

For more information
Vincent Lavoie | (418) 781-6733
vincent.lavoie@fpinnovations.ca
Marc Savard | (418) 781-6807
marc.savard@fpinnovations.ca
Ciprian Lazarescu | (604) 222-5664
ciprian.lazarescu@fpinnovations.ca

Follow us

info@fpinnovations.ca
www.fpinnovativons.ca

