INTRODUCTION

Wood drying is one of the most important
steps in processing logs into high-quality
lumber. The drying process removes more
than one-third of the weight of a fresh-sawn
board and as it does so it increases wood
strength and becomes more dimensionally
stable and less subject to mold and decay.
These changes are so important to the

end use of wood that any experienced
carpenter, cabinetmaker, or furniture maker
will not consider a wood purchase until it
has undergone a drying process appropriate
for their intended use.

This publication is not a comprehensive
guide to wood drying, but instead it is an
introduction to the vocabulary and the
science and practices of good wood drying
methods and equipment. It will provide a
basic understanding for those who wish to
better understand the value of kiln drying.
This publication is also aimed at smaller
wood producers, including those working
within the urban environment.
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On a big-picture level, there are two types Think about the
of water that exist within freshly cut or entirety of the

“green’ wood. A growing tree may have wood drying process

about 70 pounds of water for every 100
pounds of dry wood fiber, or 70% moisture.
Roughly half that water is within and
between cells and that water is called

free water. \When we dry wood, this is the
easiest moisture to remove. The harder
moisture to remove is the bound water that
is contained within the cellulose or cell walls
themselves. It is during this bound water
removal process that the wood properties
change most dramatically. Every species
differs, but this transition between free
water removal and bound water removal
begins somewhere between 35% moisture
and 25% moisture. The specific point where
that transition occurs is called the fiber
saturation point. Later, we will discus the
importance of controlling moisture removal
above and below the fiber saturation point.

and the importance
that wood dries
from the outside to
the inside before
you start.

Free water is liquid water in the
cell lumen (similar to water in

a glass). Bound water are water
molecules chemically bonded

to the wood cell wall.
(NOTE: Bound water is not to scale
since it represents microscopic
water molecules.)
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Figure 1 - A Magnified Wood Section
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The
greatest
concern
with drying
hardwoods

is removing free
water from the
entire thickness
before removing
bound water from
the surface to
minimize shrinkage
and stress.
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Wood Property Changes in the Bound
Water Removal Phase

Strengthening of wood fiber increases as
we drop below the fiber saturation point and
transition from removing just free water to
removing bound water. The cell walls stiffen
as the water in those walls is removed.

Most construction-related softwoods are
dried to between 15% and 20% moisture.
They could be dried further, but this
moisture range provides sufficient strength
during construction while the wood still
offers greater flexibility for nails, screws,

and other fasteners without splitting. Once
most fasteners are in place and the building
is complete, the moisture level will drop to
10% or below.

For hardwoods used in cabinetry, furniture,
and other uses, the strength properties are
critically related to the quality of wood joinery
and glued surfaces. These woodworkers
need the wood drying fully completed
before they fit joints and glue parts.

Wood movement only occurs below the
fiber saturation point. Again, removing
bound water from the cell walls themselves
means that fibers not only stiffen, they also
shrink. The goal would be to fully eliminate
wood movement, but the best we can
expect with this natural product is to reduce
the movement as much as possible. Since
more movement occurs during the first
initial drying cycle for the wood, proper
drying must bring wood to or below

the moisture that it will hold during the
long-term use of the product. Considering
both gluing and joinery fit and shrinkage,
the normal drying target is generally about
8% for most finished hardwood uses.
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Decay resistance varies considerably
between wood species, but generally all
species are less likely to decay and are

less attractive to most wood-destroying
organisms when the wood is dried. While
not completely eliminated, most decay
and pest issues are abated in green lumber
when the wood is below 20% moisture. In
relation to the points discussed above, 20%
is below the fiber saturation point, meaning
the moisture within the cells has fully dried
and the wood is into the bound water or
cell wall drying/hardening stage. Stated
simply, the sugars and other nutrients within
the cells are dried out making them less
available to bacteria and fungi, and more
difficult to access by insects that wish to
retain the moisture within their bodies and
must fight through the hardened cell walls
to get it.
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Lumber safely secured and ready
for transport.



WHAT DOES IT TAKE TO MAKE GREEN WOOD
INTO GOOD WOOD?

Begin With the End Use in Mind

First, we must begin with the end use of the
wood in mind and with the understanding
that wood will forever be subject to the
moisture of the environments in which it is

used. The humidity of the air in which we live

is also felt by the wood around us. Wood is

hygroscopic, meaning on damp or humid

days, it absorbs water from the air and the
added moisture makes the wood expand.

When the air is very dry, the wood loses

moisture to the air around it and it shrinks.

Let's define a few terms to explain moisture

and wood movement.

- Relative humidity is the amount of
moisture in the air compared to the
maximum amount that could be in the
air without getting foggy. 50% relative
humidity means the air could hold twice
as much water as it currently contains.
25% relative humidity means the air could

hold four times the water it currently does.

Moisture in wood is directly related to the
relative humidity of the surrounding air.

- Equilibrium Moisture Content (EMC) is
the amount of moisture a piece of wood
will contain if it continually sits in air at a

specific temperature and a steady relative

humidity. In any environment short of
being submerged in water, the EMC

of wood is below the fiber saturation
point. So we at least need the free water
removed before even discussing “good
wood" from a user's perspective.

+ Air temperature need not be defined,
but it impacts both relative humidity
and the EMC of wood. If air is heated
without adding moisture to it, the relative
humidity drops and the EMC of wood in
that environment will change.

Humidity and Moisture Example
On a 33" day when raining, the outside
relative humidity is 100%. A board sitting
continuously in this setting (sheltered
from the rain but always at 33" and near
100% relative humidity) would have an
equilibrium moisture content in the
board of 24%. @ That same air brought
into a house and heated to 70° will
decrease to 25% relative humidity and
the board sitting for a long time in those
conditions would decrease to 5.4%
moisture. ® If you added a humidifier to
that room and maintained 40% moisture
for greater human comfort, the board
equilibrium moisture would be 7.7%.

The human “‘comfort zone" of relative humidity
and temperature in our example above

is where we get the 8% drying goal for
hardwood lumber. We seek to dry wood to
the equilibrium moisture levels of where
that wood will live — with us. Differences

in equilibrium moisture content reflect
significant movement in the width of the
same board placed in different settings.
Even those small differences of 5.4% EMC in
the non-humidified room and 7.7% EMC in
the humidified room may mean more than
an %" of wood movement on a 12" wide
board, or a ¥2" movement on a 4' wide table.
This is why a woodworker is very concerned
about where they purchase their wood.

The recommended average moisture content
varies depending on regional climate and
uses. In most of the U.S,, the recommended
average moisture content is 8% for wood
installed on the interior including woodwork,
flooring, trim, and furniture (see Figure 2 on
page 4).
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All major
properties
change below
the Fiber
Saturation Point,
which is
typically around

30%
moisture
content.

é
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Some people
say they can
measure the
moisture content

with the
palms
of their
hands.

Better use a
moisture meter
to be sure!
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Figure 2 - Recommended Average Moisture Content for Interior and Exterior
Use of Wood Products in Various Areas of the United States

Wood Handbook: https.//research fs.usda.gov/treesearch/62200

How you dry is just as important as how far
you dry. Wood dried too fast will have more
cracks and more internal stress than properly
dried wood — even to the point of being
useless for finished products. Drying too
slowly may allow decay during drying. While
wood at the right moisture content may make
the first sale to a client, poorly dried wood
will cause you to lose repeat customers.

The best wood drying practices boil down
to controlling the wood drying process.
Generally, softwoods and many of the
softer hardwoods can be dried quite rapidly
without difficulty. So, while many of the
same principles apply, little more will be
discussed regarding these species.
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Figure 3 - Equilibrium Moisture Content
of Wood (labeled contours) as a Function
of Relative Humidity and Temperature

Wood Handbook: https://research.fs.usda.gov/treesearch/62200



The best wood drying process balances
drying rates between these problems and
a well-controlled drying system allowing
air movement, air moisture control, and
temperature control to achieve these
conditions. Early stages are slow enough
to remove as much free water as possible
from the full thickness of the board, but
rapid enough to minimize mold growth.
The later stage begins the shrinking and
stiffening during bound water removal,
again as uniform as possible throughout
board thickness. The final stages not only
further reduce humidity but also increase
temperatures well above 140°F, to kill all
insects at all life stages (i.e., beetle, egg,
and larvae). For softwoods, a goal of 180°F
is used to harden pitch pockets in the wood
(referred to as “setting the pitch”).

Remember,
achieving the
right kiln
temperature

doesn't
mean
that the
wood’s
core

has reached that

temperature.
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Example of honeycomb defect.

DRYING PROCESS

Moisture Measurement and Monitoring

Moisture is important, but how do we

keep track of it? This depends on whether

a piece of wood is above or below the fiber

saturation point, and whether we want a

good estimate or an exact value.

- Oven-drying Method: If we take a piece
of wood and put it in an oven at 218°F,
it will dry. When it has lost ALL of the
moisture, it will be bone-dry. Moisture
content is calculated by dividing the weight
of the water in a piece of wood by the
wood's bone-dry weight and multiplying
it by 100. It is the only method to determine
the moisture content above the fiber
saturation point and the most accurate
way to measure the moisture content
above and below the fiber saturation point.

- Sterilization: Heat sterilization is a critical
component of producing high-quality
lumber, since some insects are not deterred
merely by moisture removal. Neither maker
nor final consumer wishes to see bugs
crawling out of a finished product. Most

- Moisture Meters: Every woodworker

kiln drying processes include a heat
sterilization cycle that brings the core of
the wood above 140°F to kill all life stages
of all insect pests.

should have a handheld electric moisture
meter to estimate the moisture content

of wood. All meters measure some
electric property which changes with
moisture content. There are pin-type

and dielectric meters. Pin-type meters
use insulated pins which have to be driven
into the wood. Moisture content can be
measured at different depths depending
on the length of the pins. Dielectric meters
provide an average moisture content over

a specific depth. They are non-destructive
and only have to be placed on a smooth
flat wood surface. Both meters have to

be set to the correct species. They work
most reliably between 5% and 27% moisture
content. Measurements below and above
this range should be ignored.

\
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Doubling

the thickness
of a piece

of wood

will take
four
times
longer
to dry.
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Drying Methods and Equipment

+ Air drying is the lowest-cost method, but
also offers the least control over the drying
process. Air drying is best completed when
wood is protected from the sun, wind,

and precipitation by plywood, burlap,
shadecloth, or roofing. However, the right
amount of air flow is needed so the wood
doesn't develop drying defects (e.g., mold,
checks). With air drying, strong winds can
cause check defects. Air drying is very
quick in the beginning at high moisture
content levels, but slows down significantly
at moisture content levels below 20%.

Air drying can reduce moisture content

to 10-15%, which limits air dried wood to
outdoor end uses. Seasonality also impacts
air drying. Two limitations with air drying
include heat sterilization and achieving a
moisture content level below 10%.

+ Solar kilns are the second lowest-cost

drying option. Solar kilns are dependent on
weather and the sun, but these contained
structures offer opportunities for greater
level of control through the addition of
solar heat and possible fans or vents.
Drying with solar kilns can achieve cabinet
grade moisture around 8% in most settings,
but is unlikely to achieve heat sterilization.
Heat sterilization requires the core lumber
temperature to be 140°F for more than one
hour. Solar kilns may achieve this minimum
temperature in some parts of a kiln, but
not consistently throughout the load for a
sufficient period of time.

Credit: The \X/oodcycle of Wisconsin

An example of covered air drying.
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- Dehumidification (DH) kilns require a

higher initial investment and have higher
per-board-foot drying costs than air or
solar kilns, but allow considerably better
control of both temperature and humidity.
Drying can be accomplished in 4-6 weeks
for most 4/4 hardwoods and 8-12 weeks
for most hardwoods up to 8/4. Prior air
drying may be helpful for thicker woods.
Many DH systems are well-sized for urban
wood producers, running batches from
500 bd. ft. to more than 10,000 bd. ft. and
can be built within existing structures or
free-standing. These systems are usually
electrically heated with the ability to heat
sterilize. The electrical demands are
generally a minimum of 40+ amps at

220 volts and more, which should be
considered from an infrastructure and
budget standpoint.

+ Vacuum kilns operate at reduced pressure

which allows for faster drying at lower
temperatures. Faster drying times is

the major advantage of vacuum kilns,
especially for thick wood. However, thick
wood must be air dried prior to use of

a vacuum kiln. Vacuum kilns require a

high initial investment and have higher
per-board-foot drying costs and limited
batch size. Like DH systems, vacuum kilns
also require significant electric power

and some require water. They need to be
sheltered in heated buildings in cooler
climates. Vacuum kiln systems are often
automated, which can be beneficial but
also limit the operators' abilities to visually
monitor the wood during the drying
process. Sterilization and the full range

of moisture content levels can be
achieved with vacuum kilns.

- Commercial steam kilns represent nearly

all conventional wood drying operations
and are highly tuned to maximize drying
rates for either hardwoods or softwoods.
However, because they are scaled well
beyond most urban wood producers, they
are beyond the scope of this publication.



Facility Space and Infrastructure

- Wood drying takes up physical space.

In designing your facilities, consider not
just the footprint of the kiln itself, but also
the loading/unloading spaces, which for
many kilns must be positioned in a specific
location relative to the kiln. Also plan for
staging areas for wood going into the

kiln and sheltered storage for post-kiln
processing or lumber storage. Even if just
offering kiln services to others without your
own sawing or kiln-dried sales capacity,
these associated needs require a
significantly greater footprint than the

kiln itself.

- Quality wood drying is not rocket science,
but a learned skill not every sawyer is
ready to step into. Once you do, demand
for your drying skills and facilities may grow
well beyond your current needs. Few folks
who step into kiln drying will stop at just
their initial purchase, and many use more
than one technology to meet their internal
or customer demands. Decide the best
starting point and physical location and
plan for growth, whether using that same
technology or additional methods.

- Some kiln types have significant electrical
demands. For those already located in
agricultural or industrial settings, these
demands are high, but for the home or
residential outbuilding a 40 amp 220

load or higher might preclude running
woodworking machinery simultaneously
with the kiln.

- Related equipment needs likely include

a skid steer loader or forklift for loading and
unloading. This may not be a need initially,
but will become necessary at the point
when one kiln batch is immediately
followed by the next batch. Likewise,

a planer with significant dust and chip
collection capacity is not essential but is

a logical next step since even a single
pass skip planing adds considerable
value by revealing the grain beneath the
rough-sawn surface.

Dried lumber and slabs, properly stickered
and secured.

Planning to Dry

This publication is a very simplified summary,

condensing thousands of pages of research
and resources into one simple document
aimed at helping the urban wood producer
or their customer understand the concepts
and processes involved in producing
high-quality wood from urban trees. Before
investing in drying technology we strongly
encourage that you consider your end
markets, space, time, and budget. Along
with these, additional training can help you
ensure your investments are a good fit for
your wood drying needs, and your drying
practices produce good quality lumber.
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End
coating

is very
important!

You can easily
lose 5% of
usable lumber
by a couple of
end checks at
each end of
the board.
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If you don't

have an oven,
using a moisture
meter is your
best choice.

Quality
drying can
take time!
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NATIONAL SOURCES

Check out these resources for additional

information and more detailed instruction

for urban lumber drying.

+ Reach out to the Urban Wood Network
www.urbanwoodnetwork.org

- For more information about attending a
workshop, visit go.ncsu.edu/wpe

+ Dry Kiln Operators Manual
www.fs.usda. gov/research/treesearch/7164

+ Urban Lumber Drying Standard
www.usrweertified.com/standards/appendix-
a-the-urban-lumber-drying-standard

+ Wood Handbook: Wood as an engineering
material - www.fs.usda.gov/research/
treesearch/62200
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