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Introduction

Thispublication providesinformation on someof
problemsand basi ¢ principlesinvolved in seasoning
lumber, wood disksand other small piecesof wood. Itis
intended to helpindividua swhowould liketo season
small quantitiesof wood inexpensively and without
sacrificing quality. Smal mill ownersmay dsofindthis
information useful inthemanufacture of dried wood
products.

In additiontoinformation on the seasoning processes,
thispublication covers pre-drying treatmentsthat reduce
defectslikemold, stain, decay, check, splitting and warp.
The pre-drying proceduresincludetreating wood with
PEG (Polyethyleneglycol-1000), sat paste, pre-surfac-
ing, end-coating and dipping infungicides. Somesolar dry
kilnissuesareincluded. A troubleshooting section dedls
with some potentia pitfalsthat can easily beavoided
when dryingwood.

Whenwood isfirst sawnfromagreenlog, up to two-
thirdsof theweight of thewood iswater. Much of this
water must be removed from the lumber beforeit can be
madeinto useful products. The moisture content (M C) of
wood isdefined astheweight of thewater inthewood as
apercentage of theweight of the oven-dried wood:

MC (%)

The moisture content of green hardwoods may be
morethan100 percent. Extracareisneeded fromthetime
atreeisfeled until thelumber hasbeen correctly sea-
soned for theintended use. M ost dense, native woods
(likeoak, hickory, sycamore, beech, walnut, ash and elm)
requireeven more careful drying than pineor someof the
other light woods (like basswood, yellow-poplar, soft
mapleor cherry). Extracare and proper
seasoning,however, will pay off with these advantages.

1. Drying reducesthelikelihood of insect infestations,
mold, stain and decay during storage and use. Fungi and
termites cannot grow inwood with amoi sture content of
lessthan 20 percent.

2. Theshrinkagethat accompaniesseasoningis
completed beforethewood is put to use.

3. Drying reducesweight and increases most strength
propertiesof wood.

4. Only relatively dry wood can be successfully glue-
jointed, finished, machined and treated with chemicals.

— initial weight - ovendry weight , 10p
ovendry weight



Principles of Wood Drying

Wood driesby movement of freewater through fiber
cavities, movement of bound water through fiber wallsand
movement of water vapor through wood fiber spaces.
When wood driesto about 30 percent MC, or the
conditioninwhich thewater hasbeenremoved fromthe
fiber cavitiesbut water inthefiber wallsremain saturated,
itissaidto beat fiber saturation point (FSP). Shrinkage of
wood beginsonly when the moi sture content drops below
the FSP.

Becausewood isnot homogeneous, it shrinksmore
along thegrowth ringsthan acrosstherings(Figure 1).
Theleast shrinkage or swelling of wood isfoundinthe
longitudinal or “treetrunk” direction. Theseshrinkage
variationscausedrying defectslikewarping and checking.
Shrinkage and swelling cease asthe M C of wood ap-
proachesan equilibriumwithitsenvironments. Speciesof
wood vary intherateand amount of shrinkage.

Anindividua pieceof woodwill display unique
shrinkage or swelling patternsin thethree planes of the
wood. Thethree primary directionsof wood movement
are: tangentia (perpendicular to thegrowthrings), radia
(pardld tothegrowthrings) and longitudina (pardld to
thegrain, thedirection of thestanding tree) (Figure2).
Tangential dimensiona changeisoften nearly twicethat of
radial movement for most domestic wood species. Longi-
tudinal dimensiona changeisamost dwaysnegligiblefor
most domestic wood species unless abnormal wood tissue
ispresent.

Figure 1. Wood shrinkage and distortion of flats,
squares and rounds as affected by the pattern and
direction of annual growth rings. (Source: USDA
Forest Products Laboratory 1987)

Transverse Annual growth
surface increment
(annual ring)
ey

Radial Tangential

surface

Figure 2. The three primary surfaces of wood. Dimen-
sional movement is unigque in each of these three planes.
(Source: USDA Forest Products Laboratory 1987)

Wood will give off or take on moi sturewhen sur-
rounded by air at agivenreative humidity (RH) and
temperature. When moisturegainsare equa to moisture
losses, thewood issaid to be at aconstant MC. The
green MCwill vary between thewood inthemiddleof a
log (heartwood) and near the bark (sapwood) of most
wood species(Table 1). Intheaveragehome, whereair
conditioning and central heating keep RH at 25-50
percent and thetemperature around 70 degrees Fahren-
heit, the M C of wood ranges between 5 and 9 percent.
Thewood framing (joists, raftersand studs) inabuilding
attain an average M C of about 12 percent. Under warm,
humid conditions, asin agreenhousewith an RH of 90
percent, wood will have M C of about 20 percent. Table
2 giveswood MCsfor different temperaturesand relative
humidities. Table 3 showstherecommended M C vaues
for variouswood articlesat timeof ingtalation. Table 3
showsthat the M C of other wood-based materialssuch
as particleboard, hardboard and |aminatesis between 20
percent and 60 percent lower thanin lumber or plywood,
depending on theresin content, type of finish and treat-
ment.

Toavoid shrinkage, warping, checking and plittingin
thefinished product, lumber must bedriedtoafina MC
closeto the middle of therange of expected in-use
moisture content. In Louisiana, most furniture, cabinetry
and storefixturesare normally exposed to anindoor
temperatureranging from 30 degreesto 100 degrees
Fahrenheit and ardlative humidity ranging from 30
percent to 90 percent. Figure 3illustratesthat the recom-




mended M C for interior wood is 11 percent for all of
Louisana. Louisanaisfortunateinthat thereareessen-
tialy 12 monthsayear of good air drying conditions
(Figure4). SeeTable4 for theestimated timeto air-dry
green 1- and 2-inch thick eastern hardwoods. Table 1
showsthat within thisnarrow range, thevariationin
temperature haslittleeffect onthe MC. It appearsthe RH
playsthemoreimportant rolein determining the M C of
lumber.

Recommended moisture content
[avarage Tor inleror woodwork)

Figure 3. The recommended moisture content at the
time of installation for interior wood and wood-based
products varies throughout the country. Producers should
be aware of the recommended moisture content values for
wood and wood-based products when selling goodsto
these areas. Source: Peck (1955).

Figure 4. Air-drying map for the Eastern United States.
Source: McMillen and Wengert (1978).

Table 1. Moisture content (percent) of green wood of
somecommercialy important species.

Species Moisture Content
(Percent)
Heartwood Sapwood
Hardwoods
American basswood 81 133
American beech 55 72
Americanem 95 92
American sycamore 114 130
Black cherry 58 —
Black walnut 90 73
Hackberry 61 65
Paper Birch 89 72
Pecan (Mockernut) 70 52
Pecan (Water) 97 62
Sugar maple 65 72
Swvegtigum 79 137
Water tupelo 150 116
Whiteash 46 44
White Oak 64 78
Ye low-poplar 83 106
Softwoods

Baldcypress 121 171
Douglas-fir (Coast type) 37 115
Eastern hemlock 97 119
Loblolly pine 33 110
Easternred cedar 33 —
Eastern spruce 34 128
Redwood (Old-growth) 86 210
Western whitepine 62 148

Source: USDA forest products L aboratory (1987).



Table 2. Moisture content (percent) of lumber at varioustemperaturesand rel ative humidities.

Temperature Relative Humidity (Percent)
(degrees
Fahrenheit)

10 20 30 40 50 60 70 80 90
30 2.7 4.7 6.4 8.0 9.7 114 138 17.2 225
40 2.6 4.6 6.3 79 9.5 11.2 134 16.8 21.8
50 2.5 4.6 6.3 7.8 9.4 111 133 16.5 214
60 2.5 4.5 6.2 7.7 9.3 11.0 13.2 16.3 21.0
70 2.4 4.5 6.1 7.6 9.2 109 131 16.1 20.6
80 2.4 4.4 6.0 7.5 9.1 10.7 12.8 16.0 204
90 2.3 4.3 59 7.4 8.9 105 12.6 15.7 20.0
100 2.2 4.1 5.7 7.2 8.7 10.3 124 155 19.6
Average 2.5 4.5 6.1 7.6 9.2 109 131 16.3 20.9

Table 3. Recommended moi sture content for variouswood items at time of install ation.

Moisture Content Wood Use
(Percent) (Indoor and Outdoor)

Range Average

6-9 8 Hardboard, laminates

6-10 8 Commoninterior trims, finished furniture, particleboard, kiln-dried lumber, toys, pandling,
cabinetwork and other woodwork in centrally heated rooms.

10-14 12 Doors, windows, moldings, sportsequipment, tool handles, exterior trimand millwork,
sding, sheathing and furniturefor dightly heated rooms.

12-19 12 Garden furniture, decking, shingles, housing framelumber (such asjoist, raftersand studs),
boxesand crates

20-25 22 Thismoisture content issufficient for the growth of termites, stain and decay-causing
fung!

12-30 30 Max. Piling, bridgetrestles, underground construction and wood (Fiber saturation that
will betreated with preservativesor fire-retardant point) chemicals.




Table 4. Estimated timeto air-dry green 1- and 2-inch eastern hardwood lumber to approximately 20 percent average

moisture content.
Speciest Size  Egtimated timeby region® Species Size  Estimated timeby region?
South Mid-South South Mid-South
Inch Days Days Inch Days Days
Adh 1 45-70 45-75 Sweetgum 1 50-80 50-95
2 180-210 180-220 2 190-230 180-240
Beech 1 45-70 45-75 Sycamore 1 40-65 40-70
2 180-210 180-220 2 170-200 170-210
Cherry 1 45-70 45-75 Tupelo-gum 1 60-110 45-90
2 180-210 180-220 2 210-300 180-220
Cottonwood 1 40-65 40-70 BlackWalnut 1 45-70 45-75
2 170-200 170-210 2 180-210 180-220
AmeicanElIm 1 40-65 40-70 Black Willow 1 30-65 35-70
2 170-200 170-210 2 150-200 160-210
Hackberry 1 40-65 40-70 Ydlow-poplar 1 40-65 40-70
2 170-200 170-210 2 170-200 170-210
Hickory 1 50-80 50-95 'Forest Service official tree names; corresponding botanical
names are included in Appendix D of McMillen and Wengert
2 190-230 190-240 (1978).
Magnolia 1 40-75 _ 2Regi ons of approx_i mately equal nL_me_er of months of good”
air-drying weather in accordance with figure 5 of McMillen and
2 170-220 — Wengert (1978).
Soft Maple 1 40-65 40-70 Source: McMillen and Wengert (1978).
2 170-200 170-210
Hard Maple 1 45-70 45-75
2 180-210 180-220
Red Oak 1 60-120 55-100
2 240-360 215-300
White Oak 1 60-120 55-100
2 240-360 215-300
Pecan 1 60-120 65-100
2 240-360 215-300




Protecting Logs and Bolts

Beforewood seasoning actually begins, anumber of
stepsareimportant to reduce drying defects. If great care
isnot takenintheearly stagesof thelumbering process,
subsequent drying may beineffectiveinreducing defects.
Thefirst severa weeksare especialy crucial.

Precaution must start withthelogs. Freshly cut logs
and boltsare subject to long-term and short-term haz-
ards. Stressesin theliving treemay cause severe checking
and splitting at thetime of felling or soon afterward. Long-
term hazardsinclude end-checking, stain, decay and
insect attack. Damageismost rapidinlogscut between
April and October, when fungi and insectsare most
active.

Thefollowing procedureswill help protect logsand
boltsfrom damage:

1. Keeplogscontinually wet or storethem under
water if possibleduring spring, summer andfall.

2. Orient greenlogsand boltscarefully. Endsof logs
oriented east to west are not asadversely affected by
solar heating. South ends of logsand lumber oriented
north to south receiveintense solar heating. Thispromotes
severe checking and subsequent loss of wood. End
coating may help prevent checksduring storage.

3. Saw thelogsinto lumber as soon aspossible, or
within 15 daysof fdling. Thisisespecialy important
duringwarm westher.

Outdoor Air Seasoning

Thereareseverad methodsavailablefor drying
lumber, ranging fromair- and kiln-drying to specia
Seasoning processes. The customary method for many
hardwood species has been to air-dry the lumber to 20-
25 percent moi sture content, then kiln-dry to specific
requirementsbeyond that point.

Air seasoning isthemost economica andwiddly used
method of removing large quantitiesof water from lumber.
Air-driedlumber has satisfactory dimensiond stability for
many applicationsinvolving outdoor exposuresuch as
sheds, barns, bridgesand other genera building construc-
tion. Hardwood for interior usesisgeneraly air-dried

4. 1f logsmust bedry stored for longer than amonth,
debark thelogsand spray the endsand sidesthoroughly
with acombined fungicide-insecticidewithin 10 daysof
cutting. To prevent discol oring stain penetration, spraying
should be donewithin 24 hoursof cutting during thewarm
Season.

5. Use an end-coating to reduce log and bolt end
checks. Commercia solutions, asphalt, coa-tar pitch,
crude petroleum, oil-based paint and paraffincan al be
used.

6. Fungicide-insecticidetreatment (applied witha
hand-operated garden sprayer) should befollowed by an
end-coating. Useasprayer or brush to apply athick film
of end-coating to theends of logsand bolts. Do not apply
sedler to outside of logs, only theends.

7. Debarking logswill help prevent stainsand insects.
A straight neck hoe or commercial debarker can be used
to remove bark.

Follow precautionswhen using pesticides!
Fungicidesand insecticidesused improperly caninjure
humans, animalsand plants. Follow thedirectionsand
heed all precautionson thelabels. Do not apply pesticides
when thereisdanger of drift. Wear and use protective
clothing and equipment specified on the container. If your
hands or eyes become contaminated with apesticide,
follow thefirst-aid treatment given on thelabel and get
prompt medical attention.

beforekiln drying to reduceoveral drying costsand
defects. Small quantitiesof hardwood lumber canbeair-
dried outdoors, however, and then dried further by
varioustechniquesmore appropriatefor noncommercia
operations. The objective of outdoor air-seasoningisto
reducethe M C of lumber to avalue consistent with
climate conditionsand to accomplishthisin the shortest
timewith minimumdrying defects.

A coupleof “sawyer’srules’ will hastendryingand
improvefinished products: 1) Try to cut lumber tothe
smallest usabledimensionsor thicknessbeforeyou start
thedrying process. If thethicknessof lumber isdoubled,




thedrying timemorethan doubles. If afinished wood item
will beover 2inchesthick, itisbest to makeit from two
or more piecesglued together after drying and planing. 2)
When thelogsare sawed, it isbest to cut each piece of

Piling Your Lumber Properly

Freshly cut green hardwood lumber should be
properly stacked or piledto hold it straight and flat while
it driesoutdoors. Asthewater isremoved, lumber hasa
tendency to warp, twist, cup and bow. These defectsare
illustrated in Figure 5. Theextent of drying defects
dependson the species of wood (Table5). Thefollowing
areimportant cong derationsin piling lumber:

Bow

(L———— —

Twist Kink

=

Figure 5. Drying defects that can occur in improperly
seasoned lumber.

Figure 6a. A poor commercial site for seasoning native
hardwood. Thislow-land site has poor air circulation andis
subject to flooding. Stacks should be covered.

lumber to 1/4 inch over final size(plusor minus1/8inch)
toallow for shrinkage and planning.

Figure 6b. A poor stacking job with no stickers between
boards. Thereislittle ventilation under or inside thepile.
Lumber piled in thisfashion may lead to warp, check, stain
and decay.

1. Site: Pick an open, well-drained sitefor thepile.
Avoidlow areaswhere buildingswill dow downtheair
currents. Remove weeds and trash from around the pile
to lower moisture hazard and increase air movement into
thepile. A hard surfaceor built-up gravel ispreferablefor
ground preparation.

2. Foundation: Build afirmfoundation which
presentsaperfect planefor thefirst layer of lumber. A
dopeof 1inch per foot of pilelengthwill aid drainage.
Spacethepiers4 feet apart. Sink thepiersinasolid
foundation (Figure6).

3. Pile clearance and width: Make the distance
from the ground to the bottom layer of lumber at least 12
inches. Makethe pileaslong asthelongest boardsand
not over 6 feet wide. Onthetop of the piers, place 4- x
6- inch stringersaslong asthe pilewidth. Acrossthe
stringers put 4- x 6- inch supportsevery 2 feet. When
you cannot find stringersaslong asthepile, lap thejoints
directly onthepiers(Figure7).

4. Sacking: Eachlayer should containlumber of the
samethicknessand length. Thiswill hold warpagetoa
minimum. Placeasinglelayer of lumber onthecross
supports. Put stickersto make lumber season straight,
and space boards about 1 inch apart. Large stacks of



winter stored lumber will dry better with achimney space
leftinthepile center. Twelveincheswill usudly suffice.

Y
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Figure 7a. A good foundation is needed for correct
stacking and good seasoning. Use treated wood, steel or
concrete.

4"x 6" SUPPORT
EVERY TWO FEET

e

6Z10" DIAMETER POST 3
4"x 6" STRINGERS

Figure 7b. Start the pile by alternate placing of all the
shorter lumber insidethelayer. Orderly piling and spacing
make for good ventilation and even drying. Do not allow
lumber ends to hang over more than 6 inches.

5. End-coating: Reapply the end-coatingson
lumber wherethe end-coating has been trimmed off or
damaged. A commercia solutionisusually best and most
convenient.

6. Stickersand spacing: Stickersare stripsof wood
used to separatethe layersof boards. Stickersshould be
dried, staintreated, equa thickness (about 1 inch), and
should be spaced 18to 24 inches apart a ong the length
of boards. Each sticker should be placed atop the green
lumber directly over thestickersinlower layers. Fromthe
sideof thepile, the stickers should appear to bedignedin
perfectly verticd tiers. Stickersmay be 1.5to 2.5inches
wide. Use oneof thewider stickersat theends of the
boards. Thiswill reduce end-checking.

Figure 8. A new form of sticker is shaped like a dog bone.
These stickers provide maximum ventilation between
adjacent lumber, because they are curved and have less
surface area in contact with the boards. These stickers will
provide better ventilation than traditional stickersand
minimize the possible area for the transfer of stain from a
sticker to aboard (sticker stain). It is always important to
keep stickers dry and discard stained or broken stickers
immediately.

7. Board spacing: To encouragegood air circula
tion, placeboardsat |east 1 inch apart asyou lay them
acrossthestickersfor that layer. Placelongest boardson
theouter sides of thelayer. Then aternate the shorter
piecesso that oneisflush withthefront of thepileand the
nextisflushwiththerear. Keep flat-piled piecesof
lumber 2 inchesapart for good air circulation.

8. Pitch: Thefront end of the pile should pitch
forward 1inchfor eachfoot of height for water runoff.

9. Roof: Protect the stack with aroof that extends
about 2 feet beyond thefront and rear ends of the stack.
Theroof should drainto therear and should be at least 4
inchesabovethepile, to dlow ventilation. Weight down
theroof with concrete blocks or other materias(at the
rate of 60 pounds or more per squarefoot) or wirethe
roof securely tothepile.



Figure 9. Good seasoning practicesinclude alevel, well-
drained open areathat is not subject to flooding. Founda-
tions should hold the lumber at least 15 inches above the
ground and a fastened roof or cover to protect wood from
rain. Orient stacks to reduce sun exposure and increase air
flow, usually north to south stacks.

Table 5. Tendency to check®and warp® for various hardwoods.

Low I ntermediate High
Checks Warp Checks Warp Checks Warp

AmericanElm Birch Ash Ash Beech AmericanElm
Basswood Black Walnut Birch Basswood Oaks Beech
Cherry Butternut Butternut Hackberry Sycamore Cottonwood
Cottonwood Cherry Hackberry Hickory Sweetgum
Red Maple Yelow-poplar Hickory Maples (Red and Sugar) Sycamore
Ydlow-poplar Pecan Oak Tupdo-Gum
Tupelo-gum Rock ElIm Pecan

Sugar (Hard) Rock ElIm

Maple

Swestgum

Black Walnut

aCheck: Face check, end check and heart check or honeycomb.

5Warp: four kinds of warp are defined asfollows:

1. Cup - Deviation from astraight line across the with of the lumber.

2. Bow - Lumber deviates from flatness lengthwise, but not across the faces.
3. Crook - Lumber deviates edgewise from astraight line from end to end.

4. Twist - The four corners of apiece of lumber are not in the same plane.



Drying Time for Lumber

Inthe South, wood seasonsdowly inwinter and early
spring, butif nativelumber iscarefully piled, it will season
quickly during thewarm months. When May, June, July
and August are the seasoning periods, 1-inch lumber can
beair-dried to between 15 percent and 20 percent MC,
asshownin Table4. Wood destined for interior useinthe
Deep South and coastal Californiaisrecommended to be
dried to amoisture content of 11 percent (Figure 3).
Outdoor seasoning will usualy not be sufficient todry to
thislow of amoisture content used for interior applica-
tions. Therefore, most interior woodiskiln or indoor
dried to thetarget moisture content.

Table 5 showstheeffectiveair-drying days necessary
to properly air-dry varioushardwoodsfor exterior
applications (approximately 20 percent MC). The species
listed asfast drying, such asbasswood and cottonwood,
arelessdensethan the dower drying species, such asthe
oaksand hickory. Thedrying rate of aspeciesdepends
largely on thedensity and thickness of thewood. In short,
adenser wood will by definition of density containmore
massper unit volumethan alessdensewood. A species
like oak isadensewood becauseit containsmorewood
per unit volumethan air space per unit volume. Asthe
amount of wood per unit volumeincreases, so dothe
binding sitesfor water to attach itself to thewood. Less

Indoor Seasoning

Outdoor air-drying by itself isofteninsufficient to
season most lumber intended for interior uses, but “finish-
ing lumber” can beeffectively prepared by further drying
in heated or dehumidified spaces such asabasement,
garage, shed or homemade solar dryer.

A dry kilnisachamber inwhichtheair temperature
and the RH can beregulated. With the controlled environ-
ment, lumber can bedried at an optimumrate: dowly
enough to prevent warping and cracking, but fast enough
to get rid of thewater economically and prevent wood
decay and stain. Unfortunately, the cost of adry kiln can
be prohibitivefor asmall lumber producer or hobbyist.
Thesuggestionsthat follow areaternaivewaysasmal
lumber producer or wood hobbyist can dry wood at
home.

dense speciescontain larger amounts of air space per unit
volumethan denser woods, so these speciescannot hold
asmuch water.

Table6. Effectiveair-drying daysneeded to season
various hardwoods (1-inch thick lumber) to 20 percent
moisture content.

Species Estimated Time
(Effective Air Drying Days)
Fast drying: 40-75
Basswood, Cottonwood,
Hackberry, Sycamore
and Yellow-poplar
Mediumdrying: 45-80
Ash, Beech, Cherry,
Gum andWalnut
Sowdrying: 50-90

Birch, Elm, Hickory,
Red Oak, White Oak
and Pecan

Note: Drying timesfor 2-inch thick lumber arethreeto four times
aslong asthose for 1-inch lumber.

In a Home or Farm Building

Indoor seasoning inyour homeor farm buildingsis
sraightforward. Typically ahobbyist will purchasegreen
lumber fromasawmill early in spring and pilethemateria
properly inthe back yard for theremainder of the spring
and summer. The hobbyist will thentransfer thestack toa
heated barn, garage or basement, leavingit thereduring
thenext heating season. Thestorageareaishumid at first,
but gradually becomesdry inlatefal whentemperatures
drop below thetemperature of the heated indoor area.
Early in February, the humidity of thestorage areawill
reach aminimum, and the M C of thewood surface (or
shdll) will bevery low whilethestill-moist core continues
todry. InMarchthe RH gradually increases, and the shell
will reabsorb somewater vapor fromthe surrounding air.



By theend of spring the boardswill beuniformly dried to
below 10 percent MC (Table 7). To prevent slow-drying
hardwood species(listed in Table 6) from drying too fast
during thefirst heating season, cover thestack witha
polyethylene sheet, or keepit in an unheated garage or
basement.

Asageneral rule, air-dried hardwood lumber and
wood for carving, bowlsor gun stock blanks should be
coated on al end grains. Changethe storage conditions
by moving thewood from damp areasto successively
drier areas. For example, thislumber may be stored for a
whileinthegarageor barn. It canthen bemovedtoa
cool roomin the basement, to thefurnace room and
finally to thework room or theareawherethefinished
productswill beused. If thewoodisnot preparedin
advancefor itsfinal destination, it will changedimension
after itisinmanufactured form.

In a Homemade Solar Kiln

For hobby use, asmall homemade solar kiln canbe
builtto dry smal quantitiesof nativelumber for private
use. Solar drying can betwoto threetimesfaster than
outdoor air drying and the method will dry hardwood to
the 7 percent to 8 percent MC required for interior
applications. Specific plansfor constructing asolar kiln
areavailablefrom the L ouisianaCooperative Extenson
Service.

Inthesolar kiln, thesun’sheat iscollected by single
thicknesswindowson the south-facingwall of thekiln. A
total of about 48 squarefeet of glasssurface servesasthe
solar collector. Four heat collectorsarefabricated from
black sheet metal fastened to ahardboard backing. The
heat collectorsare attached near thetop of thesash. This

adlowswarmair to flow fromtheheat collector into the
dryer (Figure 10 and 11).

Figure 10. The front south side view of a solar-heated
lumber dryer. (Photo courtesy of USDA Forest Products
Laboratory).

Figure 11. East side of solar lumber dryer showing
principal loading and unloading door and the small accessto
collector area. (Photo courtesy of USDA Forest Products
Laboratory).

Table 7. Resulting indoor relative humidity and wood moisture content when outdoor air at 80 percent relative humidity
and varioustemperaturesisbrought into an unhumidified room and heated to 68 degrees Fahrenheit.

Outdoor Air Temperature
at 80 percent RH

(degreesFahrenheit) Indoor Relative Humidity (%) Wbod Moisture Content (%)
65 74 14.1
60 60 11.0
55 54 10.1
50 48 8.8
45 36 7.4



Outdoor Air Temperature
at 80 percent RH

Indoor Condition at 68 degr ees Fahrenheit

(degreesFahrenheit) Indoor Relative Humidity (%) Wbod Moisture Content (%)

40 29 6.2
35 24 5.0
30 19 4.5
25 16 3.6
20 13 3.0
15 10 25
10 2.0

15

1.0

Andectric motor drivesafan, but only whenthe
temperatureisabove 85 degrees Fahrenheit. Theairis
forced downinto acentra flue, then passeshorizontal ly
through thelumber pile. It takesabout 70 clear daysor
400 hoursof sunshineto dry green, 1-inchthick hard-
wood lumber to 10 percent MC. It takesalittlelonger to
dry the same materialsfrom 10 percent to 7 percent or 8
percent MC.

In the Home Freezer and Heated Room

A third dternativeto theexpensiveindustria dry kiln
isfreeze-dryingwood for home uses.

Food has been freeze-dried commercially for many
years, and sometests have been made with hardwood
lumber. The speciesof lumber studied werewhiteash,

red oak, white oak and hard maple, al with boards
having thedimensionsof 2x 7 x 30. Theinitia moisture
contentswere 43, 137, 77 and 47 percent, respectively.

For thefirst 104 days of thedrying period, theash
and red oak were stored in afood freezer of 12 cubic
feet capacity at -12 degrees Fahrenheit. During the next
60 days, the boardswere kept in aroom wherethe
temperature was about 79 degrees Fahrenheit and the RH
was about 30 percent. Thewhite oak and hard maple
were seasoned in thefreezer for 132 daysandinthe
heated room for 32 days. All boards reached amoisture
content of 7 percent to 11 percent except the white oak,
which still had an MC of 35 percent (Table 8).

Table 8. Moisture content of lumber dried in the freezer and heated room.

Seasoning time, days

Moisture Content (Percent)

Ash White Oak Red Oak Hard Maple
0 43 137 77 47
5 42 135 74 43
13 41 133 71 39
19 40 131 70 38
26 39 130 67 37
36 39 128 66 35
4 37 128 64 A Note: Asterisk
48 36 127 63 33 (*) indicates
61 35 125 59 31 point at which
75 Y] 123 57 29 lumber was
moved from
0 32 122 5 27 freezer to heated
104 31* 120 53* 24 room.
132 17 118* 20 24* Source: (Walters
164 9 % 1 7 1975).




Freeze-drying removed the moi sturefrom thewood
dowly, so therewereno cracksor checksaswould have
occurred had thefresnly cut lumber been put directly in
thewarm room but evidently thewood |osesenough
moistureinthefreezer.

The*"freezer/heated room” combination dried theash,
red oak and hard mapleto an MC of lessthan 12 per-
cent, dry enough for hobbyistsand someregiond, interior
applications. Apparently thewhite oak needed alonger
drying timein the heated room. Lumber with 35 percent
moisture content istoo wet for bowls, furniture and other
products of the home shop. To repeat, lumber destined
for interior use should have no morethan 12 percent
moisture content. Always consider theregion of the
country inwhichthewood will be placed in service,
however (Figure 3).

Thefreezing of green wood, followed by thawing
beforethe start of indoor air-drying, increasesthe perme-
ability of wood, thusincreasing thedrying rateand
decreasing shrinkage and seasoning defect in high-value,
thick-dimension lumber such asturning squaresand gun
stocks.

In the Home Microwave

Wood can aso bedried in the home microwave or
commercialy inmicrowavekilns. Thethree main advan-
tagesof thismethod are high drying speed, reduction of
drying defectsand high qudity drying (intermsof uniform
moisture distribution and stressrelaxation). Microwave
energy isan attractive option inwood processing and
drying of lumber, blocks, veneer, chips, paper and wood-
based composite materias. During microwavedrying,
gradientsintemperature, pressureand moistureallow for
fast drying of thewood. The most humid pointsinthe
wood absorb most energy, whilelesshumid points absorb
lessenergy. Therefore, during drying, auniformmoisture
content isachieved throughout thewood. Additionally, a
temperatureincreasein one zoneof the material leadsto
lessenergy being absorbed there. Consequently, tem-
peratureisevened out inthedrying process. Thesetwo
factorsenhance drying qudity and reducethe probability
of checking and warping of thetimber. The problems of
commercid microwavedryingincludedifficultiesin
uniformenergy distributionin drying ingtalations, compli-
cated equipment for microwave energy generationand
expensve equipment. For hobbyists, microwavedrying
may beided for small, expensive piecesof wood that
need to bedried with very minimal defectsfor craftsand
novelty items.

Troubleshooting Seasoning Defects

Quiality drying of lumber dependson numerous
factors. Thissection describessomeof thessmpler
aspectsof stacking that can be more readily implemented
andwill yiddimmediateresults.

Sticker Thickness

A common sticker thicknessis3/4inch. Thetypica
thicknessfor stickersinindustry canvary from5/8inchto
linchthick. Itisunfortunate, however, that someindi-
viduad kilnswill haveeven morevariation. Whilevariation
insticker thicknessat an operationisn’t aproblem by
itself, it becomesaproblem when the stickers of various
thickness appear inthe samelumber course or samekiln
charge. Theeasest way to avoid thisproblemisto have
only onesticker thicknessand asnear to 3/4inchthick as
possible. By keeping only onesticker thickness, itis
impossiblefor stickersof variousthicknessto get mixed.

Sticker thicknessisimportant because uniformly thick
stickerswill block airflow during drying and result inwarp
and nonuniform drying. Thick stickerscan beresurfaced
tothetarget thickness, and thin stickersare best used at
thenext hot dog and marshmallow roast, if thereisno
wood-fired boiler. A stack of stickersisshowninFigure
8.

Sticker Straightness

Crook and kink in stickers can often cause
problemsin sticker feeding automatic stackersandasoin
sticker aignment in semiautomatic or hand stacking.
Discard stickerswith morethan 3 inchesof crook or kink
or 3inchesshorter than thewidth of the stack.



Figure 12. Thislumber has experienced severe bow
because these stickers and braces have been placed too far

apart.

Figure 13. A properly stacked pile of lumber has stickers
of equal thicknessthat are vertically aligned. The normal
distance between stickers and braces is 18-24 inches.

Bolster Thickness

Another common source of problemswhen stacking
lumber arethe bol sters used between lumber stacks. As
wasthe casewith sticker thickness, the chancesalso
increasefor thelumber towarpif bolstersare of uneven
thickness. The uneven thickness of the bol sters can block
airflow inadjacent lumber stacksin akiln. Somekilnsthat
have experienced airflow blockage have solved the
problem by using bolstersthat arethe samethicknessin
both directions. It isimportant that the bol stersbe nearly
thesamelength of thelumber stack, but aproblem arises
whentherectangular bolstersare of unevendimensionin
theother two directions. Therefore, if abolster isturned
thewrong way, thiswill haveasimilar effect asthick and
thinbolsters.

Figure 14. These southern pine boards are of uneven
thickness. The board that is too thin was miscut and should
have been culled or at |least sorted out before stacking.

Sticker Placement

Stickers servetwo main purposes. First, they sepa-
rate the courses of lumber so air can movethroughto dry
thelumber. Second, they distribute theweight of the
lumber vertically from top to bottom—through the
stickersand bolstersdown to thekilntruck or load
supports. Stickersout of alignment, on edgeor missing
can becostly to lumber quality by causing kink, twist, ski-
tipped endsand other formsof warp. Sticker alignmentis
seldom perfect, especialy with manua sticker placement.
Theidedl istohaveal stickersverticaly dignedina
column. Thestickersshould at |east be placed so they
overlap the ones above and below.

If asticker ismissing, the courses abovethe space
will sag downinto the open space. Theweight of the
wood above bearing down on the unsupported board will
placeavery large bending force onthe board, causing it
and several boards aboveto warp. Stickersplaced on
edgewill havethe sameeffect asthick stickers. The
board abovewill tend to warp or, in softer species, the
sticker may actually indent the board above and below
theturned sticker.

Stickersshould bewithin one sticker width of theend
of the stack. One primary purpose of the stickersisto
hold the boardsflat. If either end sticker issignificantly
removed from the pile end, therewill be no support on
thelumber ends. Thiscan lead towarp, twist, cup and
splitting of the unsupported ends. Itiscommonly stated
that an end split will extend up to thefirst point of good
sticker contact.



Board Placement in Packages

Providing adequate sticker contact and board control
at theendsof apackageiscritical togood drying as
discussed. Even endson al packagesare needed to
provide optimum sticker placement and sticker contact on
board ends. Most hardwood lumber is manufactured and
sold random length, and many millsdo not double-end
trim. A method of stacking called“box piling” can provide
even-end packages. Unfortunately, stacking machinesdo
not box pile. Instead, most even end at oneend of the
stack, letting the other end take up al theuneven lengths.

Themaximum length lumber to be stacked will
determinethepilelength. Full-length boards are selected
for the edges of each course. Boardsin between are
aternately pulled to each end. Consideration must be
giventothe best mix of packagelengthsreativetokiln
sizewhenthepilelengthsare established. Failureto
consder thekiln dimensionscould lead to mixes of
packagesthat will not fitinthekilnwithout leaving open
aress.

Preventing Stain and Mildew

1. Good outdoor and indoor ground sanitation and
drying practiceswill keep sourcesof infectiontoa
minimum.

2. Rapid stacking and air-drying of greenlumberina
dry location will reduce both chemical and funga stains.

3. Aroof over theoutdoor pilewill prevent rainfrom
wetting thelumber andimprovedrying.

4. Dipping or spraying green lumber withafungicidal
solution can protect it against attack by fungi.

5. Light surface stainsand mildew onthewood
surface may beremoved with 1 quart of liquid bleach, 1/3
cup liquid detergent and 3 quartswarm water.

6. Remember: Fungi cannot grow at atemperature
above 130 degrees Fahrenheit or below 32 degrees
Fahrenheit. They cannot grow inwood if theMCis
bel ow 20 percent or supersaturated with water, such as
under asprinkler or under water.

Preventing End Checks and Splits

1. Coating freshly cut endswith moisture-resistant
substances, such asparaffin, will retard thedrying of the
ends and reduce thetendency to check or split. Coatings
such asroofing cement paste, wax emulsions, hot pitch,
asphalt, paraffin or oil paint should be used.

2. Material to be carved or madeinto bowlsor gun
stock blanks must be coated or dipped at both ends,
using ahighly water-res stant coating with ahigh softening
point.

3. Wide, overhanging end stickersor sun shieldsat
the ends of the lumber pile can reduce end-check.

Figure 15. Checks and separation occurred in unprotected
ends of this hardwood log during storagein the log yard at
the sawmill before milling. End checks can be reduced by
end coatings and prompt sawing.

Figure 16. End checks in cants caused by rapid drying
and sun exposure. End checksthat develop inlogswill also
be present in the lumber that is sawn.



Preventing Surface Checks

1. Place pilesof lumber closer together to reducethe
rate of drying but allow sufficient air circulation to prevent
surfacestains.

2. Buildawidelumber stack.

3. Protect the pilewith shieldsover thepilesidesand
with roofing at thetop to reducethe effectsof highwind,
sunshineandrain.

4. Reducethethicknessof the stickersto 25/32
inches.

5. Pre-surface thewood of check-prone species
(Table5) beforeair-seasoning.

Preventing Warp

1. Firmand straight foundationswith supporting
membersdirectly beneath the sticker tiersare necessary
for thelumber pile.

Storage of Dried Lumber

Proper sorage hel psmaintain dimensional stability
beforeuse. It isasafeguard against warp, nail popping
and baseboard pull-away. All result from aternate wetting
anddrying.

Air-seasoned Lumber
1. Outdoor storage

Lumber canbebulk-piledinadry buildingif itsMC
is20 percent or less. The pile should be covered with a
rain-tight roof or tarpaulin. Waterproof paper cana so be
used to wrap bulk-piled lumber. If thelumberisatanMC
higher than 20 percent, air-seasoning should be continued
inplace. Lumber should never beindirect contact with
theground. Do not sedl pilesairtight.

2. Indoor storage

Provided the M C of lumber isbelow 20 percent, air-
seasoned wood may be bulk-piled (as described above)
inashed or other building. If the shed isnot floored,
foundationsarerequired to provideground clearance. In
closed sheds, circulateair withafan. Humidity control
maly be needed for heated buildings (Table®6.).

2. A crooked or uneven supporting surfacewill cause
twist, bow, cup or crook inthelumber. (Figureb).

3. Properly placed stickerswith uniform thicknessare
most important. Broken or distorted stickerscanincrease
warp.

4. Closer sticker spacing (asclose as 16 inches) may
help, and good sticker alignment isessential.

5. Planing both faces (pre-surfacing) of greenlumber
toauniform thicknessbefore stacking, or improved
thicknesscontrol in sawing, reducesthe amount of warp.

6. Clamping or superimposed |oading may bea
practical remedy for warp-prone species(Table5).

7. Quarter sawn (edgegrain) lumber hasfewer warp
and surface problems.

| ndoor-dried Lumber

Low MC wood should be stored in closed, unheated
buildingsor heated, indoor areas. Well-seasoned lumber,
destined for furniture, novelty or other high-gradeinterior
uses, will loseitsdimensiond stability if exposedto humid
air for long periods. In summer, aclosed unheated
buildingissatisfactory. Lumber in aclosed shed will have
only one-third the moi sture pickup of lumber inan open
shed.

Figure 17. Dried lumber is stored commercially on
stickers stored in large storage sheds. Smaller operators
will receive similar results in a garage at home or a shed on

the farm.




A heated indoor areaisaways satisfactory, and
wood can be stored for yearsindoorswith littlechangein
moisture content. Inwinter, heated indoor storageis
necessary for well-dried wood. Indoor wood storage can
beimproved by usngasmall fanto assureuniform
humidity throughout thearea. During very humid summer
weather, you may need adehumidifier tomaintainthe
desired MC (Table6).
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