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PROPERTIES OF WOOD RELATED TO DRYINGi

i

Information on the Seasoning Characteristics of
Wood Helpful in Understanding Kiln-drying Problems

By

Forest Products Laboratory,S Forest Service
U. S, Department of Agriculture

There are more than 150 different species of wood in the United States, each
having ite own drying characteristics. About T2 of these are commercially
important, and information is availeble on how they caen best be kiln-dried.
There are many irregularities in the normal wood of all species, and since
their drying characteristics and irregularitiees are important in the kiln-
drying of wood, the kiln operator :should have some general knowledge about
them. -

Softwoods and Hardwoods

Trees are divided into two general classes, softwoods and hardwoods. The -
softwoods are needle-leaved trees such as the pines, Douglas-fir, the spruces,
hemlock, true firs, end cypress. The hardwoods are broed, flat-leaved trees
such as birch, elm, maple, the oaks, aspen, walnut, and the gums. The soft-
woods are usually easier to kiln-dry than the hardwoods. More severe drying
conditions can be safely used, and the time required to dry woods such as
southern yellow pine is considerably less than that required to kiln-dry oak
to the same moisture content.

;Thia chapter of a Dry-kiln Operator's Manyal was prepared by Edmund F.
Rasmussen with the assistance of other members of the Division of Timber
Physics, Forest Producte Laboratory. The informetion was obtained from
various sources, including the resulta of research conducted by the
‘Laboratory during the past 4O years.

2 _ : , '
“Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
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Grosé Structurasl Feutures

A cross section of an oak log is diagrammed in figure 1. The very outer por-
tion of the tree is the bark, C. Just beneath the bark is a layer called the
inner bark, B, and beneath it is the cambium, A, The bark, inner bark, and
cembium have no effect on drying, except that where the bark is intact drying
is elower.

Sapwood (fig. 1, D).--Sapwood plays an important part in the tree's growth
activity because it contains active cells. In general, only the last few out-
side layers of the sapwood carry on any great amount of living activity. The
balance of the sapwood functions in the moisture relationships and food-storage
activities of the tree. Therefore, its moisture content is usually much higher
than the moisture content of the heartwood. Sapwood, however, can be dried more
easily and loses moisture more rapidly than heartwood.

Heartwood (fig. 1, E).--Certain structural and chemical changes occuring during
the life of a tree change the sapwood to heartwood. Heartwood does not assist
in the living activities of the tree. It does, however, support the tree. The
structural and chemical changes do not all teke place at the same time. One of
the first changes to occur when sapwood changes to heartwood is a reduction in
‘porosity. This retards moisture movement considerably, so that heartwood dries
much more slowly than sapwood. Because. it usually surface checks and honeycombs
more readily than sapwood, it requires milder drying conditions. Other changes
include the darkening of the wood and, in some woods, more reeistance to decay.
The decrease in the rate of moisture movement may take place several years be-
fore the wood changes color. Therefore a band of heartwood next to the sapwood
may have the same color as the sapwood but not dry so easily.

Pith (fig. 1, F).--The pith of & tree is laid down by the growing tip. It is
usually very emall and of no practical importance in the drying of wood. The
wood immediately around -the pith, however, differs in some ways from most of the
wood in the tree, and it is almost impossible to dry such wood without drying
defects. : ' a 0

|
Annual rings.--Diameter growth of a tree in temperate climates is represented
by rings that usually can be easily seen on an end section of a tree or log as
concentric circles with the pith as the center. Each annual ring is composed
of springwood and summerwood. The inner portion, which is formed first, is
called the springwood, and the outer portion, which is formed last, is called
the summerwood. When lumber is cut from a log, the ennual rings are cut across
in one direction or another and form a pattern on the broad faces of the boards.
These patterns are shown in figure 2. They are called plain-sawed and quarter-
sawved. A palin-sawed board shows the side of the rings on the broad face
(fig. 2, B), and a querter-sawed board shows the edge of the rings on the broad
face (fig. 2, A). The closer the annual rings are to the pith, the greater
their degree of curvature (fig. 1). Boards cut nearer the pith will tend to
8plit and warp more than boards cut from the outer portions of the log.
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Wood rays (fig. 1, G).--Wood rays as seen on the face of a quarter-sawed board,
are ribbonlike strands of cells that run at right angles to the annual rings.
They are weaker than most of the wood. Because of this weakness, surface checks
end checks, and honeycombs usually start in or next to the rays. Woods such as
oak and beech have particularly large rays and require special care during in-
itial drying so as to minimize surface checking. Where rays are prominent, they
form patterns or figuree on the broed faces of quarter-sawed boards (fig. 2).

Grain and texture.--The physical characteristice of various woods, as determined
by the growth structure, that have some bearing on drying characteristics are
loosely termed "grain" and "texture." Several additional terms are used in des-
cribing grain. The terms "fine-grained" and "coarse-grained" refer to the ring
pattern, either the prominence of the summerwood band or the width of the annuai
rings. When used in connection with the wood cells; grain refers only to the’

‘direction of the cells or "fibers." In straight-grained wood the fibers, in

general, run parallel with the length of the board. In cross-grained wood they
run at an angle to the length of the board. ‘The terms "end grain” and "side
grain" are also commonly used in discussing moisture loss and seasoning defects.
A cross section of a log or board has an end-grain surface. Any other section,
redial, tangential, or intermediate, has a side-grain surface. Water moves
more raplidly from the end-grain than from the side-grein surfaces. Therefore
the tendency to check is greater at the end of & board.

Texture usually refers to the diameter of individual cells. A fine-textured
wood has small cells; a coarse~-textured wood has large cells. If all the cells
of a softwood, or all the ‘pores of a hardwood, are approximately the same eize,
the wood is usually called "uniform-textured." If the weight of two samples of
wood from the same epecies varies considerably, the heavy sample is often called
"hard-textured” and the light sample "soft-textured." Coarse-texture woods
usually dry faster than fine-texture woods.. Uniform-texture woods, in general,
are less subject to drying defects than are nonuniform-texture woods.

Irregularities in structure.--Trees commonly have & number of irregularities
such as knots, spiral grain, tension wood, and compression wood. Irregularities
in grain are also caused in lumber by the way in which the lumber is sawed from
the log. : '

Cross grain may either be the result of the way in which the log is sawed or of
spiral grain that occurs in the tree while it is growing. When the direction

of the spiral grain alternately runs'in one direction, then in another direction
interlocked grain results. Lumber containing cross, spiral, and interlocked
grain shrinks more in length than doees straight-grained lumber. This causes
bowing, crooking, and twisting. :

Knots are grown-over parts of branches of the tree. Because of differences in
shrinkage these knots sometimes drop out after drying. More often, however,
they are loosened or checked during drying and drop out of the boards during
planing. -
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Compression wood is abnormal wood.that forms on the under side of leaning soft-
wood trees and limbs. Because this wood shrinks more longitudinelly than normel
wood, bowing and ctrooking result. If this warping is restrained, the compree-
sion wood may fail and form: cross breaks in the lumber.

Tension wood develops on the upper side of leaning hardwood trees. iumber con~
taining this wood Vill also shrink more longitudinally than will normal wood,
and it will produce' the same defects as compression wood.

W
i

wOod-moisture Relations

All wood in growing trees containe water, commonly called "saep." From the dry-
ing standpoint, the sap is considered to be plain weter, although the materials
dissolved in the:sap may sometimes be of commercial importance; for example,

the sugar of sugar maple. Most of the' water in green wood must be removed in
order to obtain satisfactory performance. in use.: Because all wood gains and
loses moisture in an attempt to reach:a state: of.balance with the conditions
under which it is stored or used, it alweys contains some water. The amount of
vater 1t contains depends upon the relative humidity end temperature of the
surrounding air, Therefore some knowledge of the reletionships between wood end
water is necessary in order to understand how wood will act, not only 1n drying,
but alao during fabrication and use. L

Moisture in wood.--Water is held by wood in two ways, as "free water" in the
cell cavities and:-as "hygroscopic water' in the cell walls. The free water does
not affect the properties of wood qther-than weight. The hygroscopic water,
however, does affect the properties of wood in many ways, and it is this
moisture that is the most difficult to. remove in drying.

Moisture-content determination.--The universally accepted method of determining
the moisture content of .wood is the oven-drying method, or oven test, in which
the moisture content is-calculated from weight values .obtained before and after
drying a sample of wood in an:oven. The moisture content is expressed es a -
percentage of the oven-dry weight of.the wood.

Proper selection of representative sample boards or pieces from which the
moisture-content sections :are cut 1is.exceedingly important. Extreme accuracy in
determining the moisture content of the sections is of little value if a wide
varietion of moisture content exists throughout the pile or load of lumber be-
ing tested end the selected pleces are not representative., If considerable
variation of moisture content is suspected, several pieces should be selected.
in order to obtain a representative average value for the material being tested.
When & carload or kiln charge contains lumber from different sources or lots,

a separate representative sample should be obtained for each lot if the use
involved requires that refinement, or the sample should be confined to the lot ':
that is critical in determining kiln operation or any other operation involved.

Preparation of moisture sections involves cutting moisture sections from e plece
selected for test as shown in figure 3. Wood driee much more repidly from end-
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grein surfaces than from side-grain eurfaces; and if a board has been ellowed
to dry without end coating for some time, the moisture content near the end of
the board will be lower than in the center of the plece. The moisture-content
sections should be cut, therefore, at some distance from the ends of the pleces.
When it is known definitely that the ends of the pieces have not been exposed
to drying conditions for more than a few days, & minimum distance of 6 inches 1is
suggested. Otherwise & minimum distance of 24 inches is recommended.

The sectione should be epproximately 1 inch thick.. In dimension stock that 1s
1 inch square or less in cross-sectional dimensions, the section should be 2
inches or more along the grein to yield a piece having a volume of 2 or more
cubic inches, To speed up oven-drying, such long moisture sections may be
partially crosscut at one-half inch intervals. .Sections less than 1 inch in
thickness may lead to errors in moisture determinations due to the very rapid
drying from the end-grain surfacee during the sawing operation end handling
prior to weighing. Since on thin sectione the percentage of end-grain area is
very high, the error cen be great. There are some advantages in using sections
thinner then 1 inch, particularly for getting quick results eand for using some
of the self-celculating moisture-content scales when operating e large battery
of kilns. Whenever such thin sections are used, however, a speciel technique
must be used in which the sections are cut rapidly on a sherp, cool-running band
saw and eare handled thereafter so that moisture loss has little chepce to oceur.
An operator's technique in such operations should be checked frequently by mak-
ing tests on sections of full thickness and applying proper correction factors
to the values obtained from thin sections. The errors are likely to be greater,
of course, with green or partially seasoned material, After the sections are
cut, all loose splintere and sawdust should be removed, and the sections should
be weighed immediately. If it is necessary to cut a number of sectione at a
time, they should be protected from drying by wrapping them in aluminum foil
with paper backing. The aluminum side should be placed next to the section. If
it is known that the sections are of approximately the same moisture content,
they can be stacked end grain to end greinm to protect each other from end dry-
ing; otherwise each section should be wrapped separately. A method of sub-
dividing a section to check the distribution of the moisture between inner and
outer zonee of the boarde is shown in figure 3.

Placement of saw, scales, and oven close.together in a sheltered place or
veighing room is helpful in obtaining accurate moisture content determinatione. .
Occasionally, semple boards must be cut at some distance from the weighing room.
When this is done the pieces to be used for kiln samples should be cut at least
4 inches longer than the desired length of the kiln sample. These can then be
taken to the weighing room, where both ends of each piece should be trimmed
back at least 1 inch to get away from the effects of end drying. Immediately
folloving this operation, the moisture sections and kiln sample should be cut
and weighed. o :

Moisture sections weighing more than 200 grams should be weighed to within 0.10
gram, sections weighing between 100 and 200 grams should be weighed to 0.05 gram,
and those weighing less than 100 grams should be weighed to within 0.01 oz, Q.02
grams. An accurate scale is necessary in order to obtain this weighing accuracy.
Wpighte obtained in grems, instead of grains, or-ounces, simplify the
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calculations.” A triple-beam balance is & convenient type of balance to use in '~
kiln-drying work, Thefoﬁeiéhcwn*inffféure‘hiib’aenpitive'tp'o,Ol'gram end has
auxiliary weights making ite capacity more than 1,000 grems. Any torsion _
balance sensitive to 0.02 gram should be suitable. A torsion balance with
suxiliary weights and double rider sensitive to 0,01 grem is shown in figure 5.
A type of balance (not 1llustrated) known as a trip scale, vhich is sensitive
to 0.1 grem, is also suitable foi weighing moisture sections above 200 grems in
weight. The triple~beam balance and the trip scale have knife-edge balances
thet must be képt free of dirt and corrosion to remain eccurate. -

When sections are weighed; it is-desirable to mark the weight on each section :
and also to give each section en identifying mark and to keep. a separate ?°°°?¢.
on tabulation paper or a form made specially for ‘the  purpose. o

Oven-drying the ééctiona’is done by placing them in an oven maintained at a )
temperature of 212%'to 221° F.' (100° t0°105° C.).- Drying of each section should
be continued until it reaches'a constant weight., To test for constant weight,
welgh a few sections and replace them in’the ‘oven for 4 hours of ‘additional dry-'
ing. 1f theee sections have lost no further weight, the entire group of sectione
can be ‘assumed’to-be at comstant weight.  'An electric oven, such as the one’
ehown in figure 6; equipped with a tempsrature-reguléting device and a the#@pﬁeé
ter, la convenilent for this operation. Where iarge numbers of sections must be
dried at the same time, a large oven equipped for forced circulation of air 1is
desireble. It is-also possible to iuse & large oven heated with steam at low
presgure, if it can'be made to mainmtain satiefactorily the required temperature.
The oven should hdve some vents to allow the evaporated mojature to escape., The
sections should be opericpiled in the oven to sllow free access of air to each.
Excessive temperatures or excessive periode of drying should be avoided since
they cause‘distillation or oxidation ‘of the wood end erroneous results may be
obtained. Ordinarily, in the case of light woocda, 12 hours of oven-drying may
be sufficient, but heavy wood may require 48 houre of oven-drying or more. Newly
cut sectione ‘should not be placed in-the oven with sections that ere dried and
ready to be weighed, for the ‘dry sections will temporarily absorb meisture from
the fresh sectione. '

Calculating the moisture content is the next step. The weight of the water re-
moved 1s divided by ‘the oven-dry weight of ‘the section and the quotient is
multiplied by 100. The wWeight of ‘the water equals the original weight minus
the-ovenGGryfWBightVdf“the‘ééctioné‘“Combining both et atements into an algebraic
expression: i v e oo ' :

B S Y R T A, ;i ! .

Moisture- content = 2EiEinal weight - oven-dry weight . 144,
An exaﬁpié'of“a moisfure-content calculation is as followsa:

A l-inch section of green black walnut lumber weighed 122.5 grams.

_ After oven-drying, the:%ectipn;wéighéd“67;6 grams, -

T
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Moisture content = 1227 7' 67.6 x 100
h. x

2——% 100
7.

0.812 x 100

i

81.2 percent.

It is sometimes convenient for slide-rule calculation to use an equivalent
method of calculation by the following formula:

original weight . 1) x 100

Moisture content = (oven-dry weight

(percent)

Following through with the values used in the foregoing example:

Moisture content = (12$° - 1) x 100

= (1.812 -~ 1) x 100
= 0.812 x 100
= 81.2 percent

The moisture content of green wood.--The amount of water in green wood varies
widely. One wood may contaln as little as 30 percent (based on its oven-dry
weight), while another may contain 200 percent or more. Such variatione may
occur not only between species but also within the seme species and even in the
same tree, Sapwood usually contains more water than heartwood. In some species
the butt logs of the tree contein much more water than the top logs. One ex-
ample of this is redwood. The place where the tree grows influences the amount
of moisture in the wood, Trees growing in swampy areas are likely to contain
more moisture than those growing in dry areas. Certain species, however, con-
tain large amounte of water even though growing under reasonably dry conditions.
Contrary to populer belief, the emount of water in greenwood does not vary to
any appreciable emount with the season of the year in which the trees are cut.
There are, however, arees of lower and higher concentrations of water in trees,
and these areas shift about from time to time, The fact that trees bleed more
easily in the spring of the year is due to the sap being under greater pressure.
Some species of wood contain zones of exceptionally high moisture content. These
zones are called "water pockets." The water in water pockets dries out very
slowly. Woods such as eastern white pine, noble fir, western hemlock, and sweet-
gum frequently contain water pockets, The green moisture contents of & number
of commerically important woode are given in table 1.

The fiber saturation point of wood.--The point at which the cell wall ie satu~
rated, but no free water remains in the cell cavity, is defined as the "fiber
saturation point."” The moisture content, besed on the oven-dry weight at the
fiber saturation point is approximately the same for all woods, 30 percent. The
fiber saturation point is importent in the drying of wood for the following
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reasons: (1) More heat-is required to move water from the cell wall than
from the cavity; (2) a wood cell will not shrink until it reaches the fiber
saturation point; and (3) large changes in the physical and mechanical prop-
erties of wood begin to take place at the fiber saturation point.

The equilibrium moisture eontent of wood.--Any piece of wood will give off
to or take on moisture from the surrounding atmosphere until the moisture

in the wood has come to a balance with that in the atmosphere. The moisture
in the wood at the point of balance is called the equilibrium moisture con-
tent. Assuming constant temperature, the ultimate moisture.content that a
given piece of wood will attain depends entirely upon the relative humidity .
of the air surrounding it. This relationship is illustrated in figure 7,
which shows, for example, ‘that wood kept in air constantly at 141° F, and 65
percent relative humidity #ill evéntually come to a moisture content of about
10 percent. The equilibrium moisture content condition of air at this tem-
perature and relative humidity is said to he 10 percent. In dry-kiln work
equilibrium moisture content is designated by the letters EMC,

The information in figure 7 is not handy enough for dry-kiln use where tem-
peratures and relative humidities vary from low values to high. To meet this
variance EMC values for various dry- and wet-bulb temperatures commonly used
in kiln-drying are shown in table 2. This table has extensive use in kiln-
drying. .

How Wood Dries

The kiln.eperator should have-an understanding-of what causes moistire to
move 4n wood and of the factors that influence:the:rate of moisture move=
ment... , .

Novement of moisture in weod.--Water in wood:normally moves from zones of
higher to. zones of lower moisture content. : This fact supports the familiar
statement: that "wood dries from the outside:in," which:means that the sur-
face of -the wood must be drier than the iriside:if-moisture is to be removed.
In drying, the surface fibers of the heartwood of most species attain the
EMGr.corresponding -to ;theimmediately surrounding atmosphere almost as soon as
drying  begins;. .and. at-this. time a moisture gradient is said to be established.
The: sunface fibers of sapwood also.tend to reach a state of balance with the
Ssurrounding:. drying atmosphere early:in the drying:process,- if the air circu=
lation is fast enough. to evaporate the water as-rapidly as it comes to the
surface of ‘the wood. .. If the air circulation.is too slow, however, a longer
time is required for the surfaces of sapwood to.@hbain BEMC.  -To reduce drying
time, the initial EMC condition in -the kiln. should be as low as possible with-
out causing serious end checking or surface checkingi:, '- "

Moisture in wood moves through several kinds opraéségeways. Some of the
passageways:..of certain species, such as the resin ducts in-softwoods, are so
large that  they can be seen with the naked eye; others can be seen only under

‘the highest-powered. microscope.
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Most of the moisture lost by wood during drying moves through cell cavities
and small openings in the cell walls. Moisture moves in these passageways

in any direction, longitudinally as well as laterally. ‘Lighter, porous woods
dry, in general, more rapidly than do the heavier, less porous woods, Ex-
ceptions to this rule are porous woods that have the passageways plugged with
material such as resins and gums.

Forces that move water.--When wood is drying, several forces may be acting
to reduce its moisture content, and they all may be acting at the same time.
These forces are:

1. Capillary action that causes free water to flow mostly
through cell cavities and small openings in the cell wall.

2, Differences in relative humidity that cause moisture that
is in the vapor state to flow through various passageways.
These differences are particularly effective at higher
temperatures and lower moisture contents and in the more
porous woods,

3. Differences in moisture contént that move the hygroscopic
water through passageways in the cell wall. These differ-
ences are very important in low-temperature drying.

Free water moves by capillary forces, but hygroscopic moisture moves by the
process of diffusion.

Movement of water by capillary action is due to the attraction between water
particles and the walls of the smallopenings in the cell walls and also to
the attraction of water particles to each other. Vhen green wood starts to
dry, evaporation of water from the surface cells sets up forces that exert a
pull on the free water in the zones or layers of wood beneath the surface
and a flow results. This movement of water is similar to that of a wick.
Much of the free water in sapwood moves in this manner.

Movement of moisture by diffusion results from relative-humidity and moisture
content differences between the surface and the interior of the wood. The
moisture evaporated from wood moves to the surfaces by two types of diffusion
that act at the same time. At high temperatures, diffusion of water vapor
through the larger passageways is the most important, while at low tempera-
tures most of the moisture diffuses through the passageways within the cell
walls.,

Longitudinal diffusion toward the cnd-grain surface of a piece of wood depends
mostly on the number of cell cavities located in the cross-sectional area.
Therefore diffusion in this direction is slower in the heavy woods, since they
have small cell cavities and thick cell walls. Diffusion toward the end-grain
surface is about 10 to 15 times faster than diffusion toward the lateral sur-
faces of wood., Since the diffusion of water is only 10 to 15 times as great




longitudinally as it is laterally, drying from end-grain surfaces is of prac-
tical importance only in relatively short items. -For-'example: In a l=-inch
board 15 inches long moisture from the exact center would require about the
same length of time to reach the broad faces as the ends because the short
distance of lateral travel :1/2 inch, can be covered in the same time as the
longer distance of longltudinal travel 7-1/2inches. It is evidont, there-
fore, that coating the ends of a long board will have no practical effect on
the drying time,

Lateral diffusion accounts for most of the moistire removed from wood ‘during
drying. The rate of lateral diffusion depcnds to a large extent upon the
porosity or openness of the small openlngs in the cell walls and upon the
thickness of the céll walls. Thus pervious woods dry faster than impervious
woods. Generally, ‘in softwoods, the rate of diffusion decreases rapidly as
the spec¢ific grav1ty of the wood increases,

Diffusion in heartwood and sapwood dlffers considerably, with sapwood drying
faster than heartwood under the same drying conditions., This is probably

due to the fact that extractives plug the small cell-wall openings in the
heartwood and thereby slow up the rate of moisture diffusien. The heartwood
of some species may reach a lower moisture content in a shorter drying time
than thé sapwood. This is aceountéd for, however, by tlic fact that the heart-
wood has a much“lower: 1n1t1a1 m01siure content than the sapwood.

Factors that 1nfluence drying rate.--The rate at which wood dries is dependent
upon the steepness-of the moisture gradiont and the temperature of the wood.
Thus the drier the surfaces of thc wood or the lower the relative humidity of
the surroundlng atmosphere, the greater will be the forces that exert moisture
diffusion. "That 'is why drying schedules call for a lowering of the relative
humidity when-danger ‘of end checking and.surface chocking are past. The
higher thé temperature that can be safcly ‘used to dry the wood, the faster
will be the rate at which the moisture will diffuse fromthe wet interior to
the drier ‘surfaces.

Drying time varies considerably. The approximate drying t1me for l~inch
lumber of most of the commercially important woods is given in table 3. The
drying time for thicker stock is more than proportional to the increased
thickness, A general rule is that 2-inch stock takes about four times ‘longer
to kiln~-dry to the’same moisturc content as does 1-inch stock.

Specific Gravity and Wieight of Wood

Specific gravity of wood is of.interest to the kiln operator because it is
one of the characteristics of wood that is a guide to the ease of drying.

In general, the heavier the wood the more difficult it is to dry. Specific
gravity is defined as "the ratio of the weight of a body to the weight of
an equal volume of water." Usually tho specific gravity of wood is based on
the volume ofigreen:wood and its oven-dry woight; which means that if the
specific gravity of a specimen is 0.50, the weight of the wood substance in
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2 cubic foot of green wood is half that of the weight of a cubic foot of
water. The higherthe specific gravity of wood, the greater is the amount
cf oven-dry wood found in a unit volume of green wood. Thue at the samé mois-
ture content the higher-specific-gravity woods hold more wvater and require
longer to dry to a low moisture-content value., The specific gravity of a num-
ber of commercial woods is given in table 4. '

Weight of wood depends on ite epecific gravity and its moisture content.
Calculated values of weights are given in table 5. The values given for
weight per thousand board feet at 15 percent moisture content epply to actual
board feet and not to a thousand-board-feet lumber scale. Rough lumber is
generally oversized, and dressed lumber is undersized with respect to nominal
thickness. Therefore, the weight-per-thousand values will need to be adjusted
upwards or downwards, depending upon whether the measurements are teken on
rough or on dressed lumber.

v Shrinkage of Wood

When wood is drisd below the fiber saturation point it shrinks., When it has
dried to 15 percent moisture content, about one-~-half of the total possible
shrinkage has taken place; when dried to 8 percent moisture conteat, nearly
three-fourths of the maximum possible amount has taken place. Figure 8 indi-
cates how Dougles-fir shrinks with loss of moisture. While these curves are
not straight, shrinkage is generally thought of as a straight-line curve.

Wood shrinks about one and one-half of two times more around the anrnual rings
(tangentially) then it does across the rings (radially), The shrinkage along
the grain (longitudinal_y) is very little in normal wood. The combined effects
of radial and tengential shrinkage are shown in figure 9.

As a rule, the heavier woods shrink more rediaslly end tangentially than do the
lighter ones. Also, heavier pieces shrink mere than do lighter pieces of the
same spsciles,

Shrinkage variability.--Shrinkage varies considerably. It not only differs
along the three directions of grein, tangential, recial, and longitudizal, but
also among species. It varies widely in material cut from the Bane species and
even in reterial cut from the same tree. The higher the pruiflc gravity of woot
the greater the shrinkage. A change in the size of the cell cavities during the
process of drying also affects shrinkege, Since the size of a cell cavity is
affected by drying stresses, the over-all shrinkege of wood is influenced by the
drying conditions. Generally, the higher the tewperature and relative humicity
in the initiel steges of drying the greater the shrinkage.

Despite the variation in shrinkege, values have been collected over mary years
that may be considered approximate averages values for the various species.
These values, based on the green dimension, are listed in table 6. Although
these values ere given in percenteges of the green dimension, they can be con-
verted very easily to useful urits of measurement. Each 3 percent of shrink-
age 1s roughly equivalent to 1/52 inch per inch of dimension.
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On the average, hardwoode shrink more than softwoods. Although, in general,
Uiz woods of high epecific gravity have the greater shrinkege, there are ex-
ceptions, Basswood, a light wood, has a high shrinkage, while black locust,

& heavy wood, has a moderate shrinkage, The amount of shrinkage.and the
difference between radial and tangential'shrinkage have a direct bearing on K
the seasoning defects that occur during drying. In other instances, they help
to determine the use to which the dried lumber is put, ‘

Effects of shrinkage.--If no shrinkage occurred during drying, most of the
problems related to seasoning would not exist. Shrinkege is responsible for
decrease in dimension, loss of footage, warping, end and surface checking, and
splitting, honeycombing, and case-hardening. Shrinkage begins as soon as the
tree le cut into loge. Drying from the freshly cut ends is likely to cause
severe end checks because of drying and shrinking. If the logs remain in the
woodé or yard for a considerable period of time, especially in hot, dry
wzather, end checks may extend & considerable distance into the log. Green
lumber exposed to severe drying conditions will also end check and surface
check. : . o :

End and surface checke and end eplite are ‘caused by too severe drying cone
ditions in the initisl steges of drying, The wood in attempting to shrink is
subjected to severe drying stresses that mey cause the wood to fail along the
wood raye, resin ducts, or other lines of weekness. End checks and surface
checke may extend in depth to form honmeycomb. checks, If the surfaces are dried
below the fiber seturation point and do not check, they stretch and become set
in an expanded condition ae drying continues, This is the first step in the
development of case-hardening,

Changes in dimension result when a piece of wood has been dried to a low
moisture content. The pisce will be thinner, narrower, and also slightly
shorter than it wes when green. Allowence for shrinkage must be made in saw-
ing lumber from loge. If the lumber is sawed too thick, unnecessary waste
will occur during surfacing operations; if.sawed too thin, it will fail to
make the required dry thickmness, Due to differences in shrinkage, it is imposes-
ible to saw the lumber to a green thickness that will meke the desired dry,
dressed thickness without some waste. The sawing ellowance for-shrinkage 1s
Influenced by species, type of lumber, end by warping., Some species shrink
more then others; for example, one mill cutting southern yellow pine, cotton-
wood, yellow-poplar, and black tupelo on a.gang saw experienced difficulty
with respect to scanty thicknessee with the cottonwood and black tupelo, but -
not with the other twoe epescies,

Grain direction influences the final dimension of dry boards, Plain-sawed -
boarde shrink less in thickness than querter-sawed boards, but the cuter
edges of plain-sawed boards, particulaxly.thoee cut from small trees, are
often equivalent to quarter-sawed boerds. Shrinkege in width is important,
because it results in a footage loss. The -loss of footage is affected by the
8pecles, type of lumber, end the width of the boards, and it is greater in

the species having a large tangential shrinkage, in wide boards, and in plain-
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sawed lumber. Board footage losses in kiln-drying air-dried hardwood lumber
from an average moisture content of 18 percent down to 5 percent have been
calculated. These values are based on plain-sawed lumber of normal width.
Wider than average boards will excecd the footage-loss figure. The estimated
footage loss in percent of air-dricd tally, based on the total tangential-
shrinkage value is shown in figure 10.

Warping, which can be broken down into cupping, bowing, crooking, and twistim
is also the result of shrinkage. Cupping may result from different rates of
drying from each face, or from more shrinkage on the outer face (face toward
the bark side of the tree) of a flat-sawed board (fig. 9). The other three
forms of warping usually result from grain irregulaerities or from the pres-
ence of bands of abnormal wood.

Electrical Resistance of Wood

The electrical resistance of wood is of interest to the kiln operator because
electrical moisture meters are being extensively used to determine the mois-
ture content of stock before and after kiln-drying. Although the accuracy
of moisture meters can be * 1 percent, they are not recommended as control
instruments for kiln-drying schedules because inaccuracies due to a number of
reasons can occur very easily. The value of a kiln charge of lumber warrants
the greater time required for precision determination of moisture content by
the oven-drying method. The average moisture content of the kiln charge,
however, can be determined by moisture meters at the time of unloading, pro-
vided that several readings are taken from different boards. Moisture meters
also provide a quick means for segregating lumber into moisture content groups
before kiln-drying. The electrical resistance of wood varies greatly with
changes in moisture content below the fiber saturation point, with the resis-
tance increasing as the moisture content is lowered. Because the electrical
resistance varies between species, meters must be provided with tables to
convert meter readings to moisture contents for different species being tested
The electrical resistance of different woods at various moisture-content
values is given in table 7. This table can be used to convert meter readings
to resistance and to reconvert to moisture content for other species. For
example, if a resistance~type meter is calibrated for Douglas-fir and then
reads 10 percent moisture content, the resistance is 630 megohms. If the
measurement were taken on walnut, the moisture content would actually be more
than 10 percent.

Temperature also influences the electrical resistance of wood. As the temper-
ature of wood is increased, its resistance decreases., Most resistance-

type meters are calibrated at 70° F, and require correction if used to test
hot lumber. The correction is approximately 1/2 percent for every 10° F, that
the wood is above or below 70° F, This approximation is shown in figure 11.

A method of making corrections is described. ; '
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Color of Wood

The color of wood is influenced by the conditions under which it is dried.
High temperature tends to darken the heartwood, and sometimes the color of
sapwood is materially changed by chemical reactions. As a tree grows, the
sapwood gradually changes to heartwood, and with this change there is a
usually marked change in color. Holly, basswood, cottonwood, and magnolia,
however, are examples of hardwoods in which there is little or no difference
in color between the sapwood and the heartwood. White pine, spruces, and
true firs are examples of softwoods that do not change color materially when
the sapwood changes to heartwood. The color changes that might take place
in the heartwood during drying are usually of little concern to the dry-kiln
operator. Kiln-drying may darken the color somewhat, but for most purposes
such changes are of no practical importance. The color changes with which
the kiln operator is most concerned are those that are modified by methods of
drying and handling of sapwood.

Sap stain is a discoloration caused by fungus and occurs principally in air-
drying. Improved and different methods of piling and chemical treatments of
the green wood are the remedial measures,

Chemical stain occurs in kiln-drying green sapwood, and in some instances the
color change is beneficial and in other cases it is detrimental. Walnut, for
example, is steamed in vats prior to drying to darken the sapwood. At one
time "sapgum" was steamed in order to produce a salmon-colored wood that the
using industries preferred and paid a premium to get. Orchard woods are also
steamed when green to obtain a more uniform color through the heartwood, as
well as to darken the sapwood so that it is more nearly the color of heart-
wood. European beech is often steamed prior to drying in order to improve its
color appearance. The sapwood of hickory tends to turn pinkish when kiln-
dried, and very low initial temperatures must be used if the whiteness of
hickory sapwood is to be preserved, Paper birch sapwood turns a sort of
brownish color when kiln-dried, and many plants prefer air-drying for that
reason. :

Perhaps one of the most broublesome color ehanges in wood is brown stain in
pine., It is usually most conspicuous at or near the surface, but it may pene-
trate throughout the wood. The stain is more pronounced in areas where most
evaporation occurs, as at the end surfaces and on the tangential surfaces.

The occurrence of brown stain is closely associated with the drying of wood.
It appears in the zone where the water vaporizes and thus deposits the solutes
or extractives., The stain appears beneath the surface if the porosity of the
woed and the severity of the drying conditions promote rapid drying of the
surface fibers. Under such conditions a steep moisture gradient is estab-
lished with a moisture content of the surface fibers well below the fiber sat-
uration point. When the water moves so freely through the wood that the sur-
face fibers remain moist for some time after exposure to a drying atmosphere,
the stain tends to develop at or near the surface of the lumber.
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In pine, chemical brown stain develops in either sapwood or heartwood. Very
commonly it occurs in the area of the heart-sap junction. Blue and brown
steins due to fungi are generelly confined to the sapwood only.

The exact neture of the chemical changes responsible for chemical brown setain
is not fully understood, Experience has ehown, however, that the stain occurs
only as the wood dries, appearing during both air-drying and kiln-drying. The
degree of staining is influenced by the temperature and relative humidity em-
ployed in drying, i.e., a high-temperature, high-humidity schedule will pro-
duce a greater amount of staining than when a low~temperature, low-humidity
achedule 1s followed.

No completely successful way of preventing chemical brown stein is known.
Certain means can, however, be recommended for limiting ite occurrence. The
substances responsible for the brown stein are insoluble or only moderately
soluble in cold water; therefore mild temperatures during drying will decrease
the concentration of the staining materials. Since the zone of extractive
concentration should be kept well below the surface, as low & relative humidity
&8 is possible without developing serious surface checking should be maintained.
High eir-velocities are essential to prevent excessive increases in relative
humidity of the air moving across the kiln load. An important factor in the
development of chemical brown stain is the length of storage of the logs and
lumber, The most effective method of keeping stain to & minimum is to cut

the logs into lumber soon after felling the trees and to avoid solid piling

of the green lumber for more than a day.

Sticker stains in drying wood is scmetimes a baffling problem. In some cases
the wood underneath the sticker remains light-colored, end in other instances
the wood undernsath the sticker derkens more than the wood between the stickers.
Unfortunately, sticker stains do not always surface off. Remedies for this
problem include (1) use of dry stickers, and sometimes of the same species

as the wood; (2) air-dry to below the fiber saturation point before kiln-drying;
(3) kiln-drying immediately after piling, and (U4) use of stickers as nerrow as
economically practicaeble,
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Table l.--Averagg moisture content of gréen wqod

Speciesi : Moisture contentZ

: Heartwood : Sapwood E Mixed heartwood
and sapwood

EEEEEEEEE AR T ——— A -

SOFTWOODS ¢ Percent : Percent : Percent

es oo

Baldcypressb; iiiiii Iill-ll.ibil.-l.-l: 121 171 : lllll ﬂ#.i:?!'il‘. lllll

Cedar: b : s

E Alaska yellow. -------- i--v-{: 32 - 166 Cabrosdssangmopabona
EaS’tern re'd.”....z.....u.,...: 53 T T
California incense..... F A 4o P 213 tieiccascisessvibans
Northerri white...vvvuvesanas T P Pk L ke o | FRpS R 55
Port Orford whit€..vevsavass? 50 : 98  t.iicsmeceansriesens
Atlantic white...vevavriawnn B O | OO T . 35
Western red..c.civ-vesursnnss . 58 : 22h9 . tiiuvaeansnaerewnis

Douglas-fir: Ao : : N
Coast type.vorsiansna. T 37 I & R P DN
Intermediate type..csvavesns 158 fiieasesnsenanaeis 1.

W W
o

ROCky Mountain type.....”.. 112 :oaboautudiii.iitil‘i'l
Fir: S : 8

Alpine ------ ddrEs i EEFEn LN R N r--.-:v -------- : d ,'"7

Balsa-zn;v-tﬁ--.--uo‘tnt--t'rt-|'-':'or‘.r-ho--o-:"-ﬂ-f-‘rlo-l: 117

Grand (lowland white).......: 91 ¥ wlB6 Meeceaslanns ST

NObleill;iﬁPitiiri ------- |-4|n: Bh : 115 hcoerosrEEEEATEASEA

PaCific Silverrloiitt i w oa. 55 : 16)"' :ottoolr!ntttnlﬂtiﬂ'

Red ﬁﬁﬁﬁﬁ F RGO r e FEE TR NN "R} Arwiémwa ":ljjljifiﬂ. 108

White.....avta ] . Frud bt b 98 ‘ 160 Cadossnatsanimsamane
Hemlock: : : :

Eestern.vivvvowrns 00aC00000s s o7 : 119 Baoooo nooooeigannooe

westemncnntvua--ua ------ M- 85 H 170 lisomgonasnnao YR LE]
Larch, western,.vuusuensns eveel 54 119 fisicimaviacrasesees
Pine: : ] :

Eastern white.......... 500005005 8G00a0 5096000005005 68

Lodgepole. . iewcnirnnnnraa want 41 t 120  ifeicusoosomnetersrs
Ponderosa.... . frerernannea ek 4o e i
Red..vvoucuoraran B B0 DB0A00 G005 32 R X
Southern yellow: 2 H 5
Loblolly. ...vvavasrnan L 33 : 110 lrsavnsrnnsacesannns
Longleaf..“..............: 51 o 106 Hogooaooo Esbmwrrt B
Shortleaf ----------- TR R E] 32 M 122 HEE I R T T
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Table l.--Average moisture content of green wood (Continued)

2

Speciesl Moisture content<

s ao

R NN T N BN N N N NN W A B NPT SR S RY R R mm e e ey e e e O N N A A ST

: Heartwood : Sapwood : Mixed heartwood
] R and sapwood
SOFTWOODS ; Percent ;.Percent ; Percent
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Western White (IdahO)trliiltoq: 62 Q lu8 HEE R TR E RN RN R N
Redwood : ; ; ;
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Old'growthniuooisitt|--4ipo-: 86 % 210 :;oqq-q--.fui--4n;-4é
Spruce: : ; ;
Easternl'!li!ilititiiiliinli: Bh : 128 :--cntiitiiﬁiili'l'i
Englemannii---ﬂ-iitnnlcilttt: 51 2 173 (R R R R RS R
Sitkalilliil;iilliit-liiiiqq: hl : lhe !-iililliluliﬁi'ﬂb"
Tamarack (eastern larch) ; u9 ;ota.ol|¢o;¢qilo-||vn!lkl-4¢==
HARDWOODS . : L
Alder, red....... dtoltnitotr-.;ti--l ------ ; 97 ;iiliii‘l;l!ti!&f'ﬂ‘
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Table l.--Average moisture content of green wood (Continued)

Speciesal Moisture content2

: Haartwood : Sapvood ¢ Mixed heartwood

] ] : and sapwood
""""""" HARDWOODS . Percemt ; Percent ;  Percemt
Chestnut.nu.vq.....-..‘.....;;: 120 :........-;....‘.........,....
Chinquapin...,..a.,~..........:.........~.:......---: 134
Cottonwood , black......,q.....: 162 : 146 ;......n..,,...,a...
Dogwood s ws s nnaas .q...........;.q..4.....1g.........: 62
Elm: ; : ;

American...scesasvsarvmriannns 95 92 $lelolols o ol o elslslalols s alulols

Rockﬁl““"‘Pﬂlﬂiﬂ"nihilﬁnqyl‘: hl‘ : 57 nnnnnnnnnnnnnnn v & Aok

H&CkberI‘Y¢q..u.n-----|u41n--.-: 61 65 ;vlﬁvvﬁ!vvllnrin'iﬂl
Hickoryououonovoo-ooyva.u-..oo: 65 H 50 HYT Y I Y
H°lly-=° °°°°° R R T N T T R T TS 82
Hophornbeam (ironVOOd-)l'ﬂﬂ#lil!:tii&i!oliil:-lliii-'ﬂ: 52
Laurel, Californif.sucecoesssvivacnsnossatiosssmacas : 65

(Oregon myrtle) : : :
Locusty blaCK'!iﬂ"ﬂﬂ.!!Iiliri‘:I-'I'I'Ii!il.li':ﬂ.l"‘!l‘.: ,"'O
Madronelﬂdiﬁi!nﬂ-inv-vi-lli---: ----- TE IR TSI 81
MaSIIOIia-é nnnnn IR R Y R R R 80 3 10)"' e N L L )
Maple: 3 3 H

Silver (SOft)t-unnnnuvnnlt-l: 58 H 97 TrausePrc s saRE R AL

Sugar (hard)iibiirillit'i.q;: 65 H 72 tmiadoowwan Gawadsdbdhrao

Oak: : : :
California blacK..uwsssoserssi 76 : 750 Bo000n00000000000000
Liveond-lnnluol-tiu-ln'iniit-i:'I'II- ----- sagomposancan s 50
Northem red-nhnuoitillslnrq: 80 s 69 H N T T I R R
Southern red..vsccacessssnsst 83 : i s
Southern BWANMD«.:ensssssvonvl 79 : 66° lesscvcvcvarasancans
Tan..ieevanscan NI S R R R T I T Y 89

White#hu'iliiﬂ"'ﬂﬂl'l"itillg 6h : 78 :D’Ii"'#’t"ﬁ""".i
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Table 1l.--Average moisture content of green wood (Continued)

Speciesl 3 Moisture contentZ

B e B v B e e e D e O e e O O O B O BN P N YR B T R P e o am

: Heartwood : Sapwood : Mixed heartwood
g 3 E and sapwood

HARDWOODS ¢ Percent : Percent : Percent
Osage-or&ngenn-oan-an-upnnnunugqneipoonqongoncoﬁﬂovu: 51
Pereimmon.q.,4n-a--q;.qn..oqgu:.;n-n..an.a:..nop..--: 58
SweetgtmooovﬂOOOOOOOOOOOOOODDO: 79 : 157 :00#0.000000.0..0090
Sycamoreonnunooooooooooooooeoc: llh H 150 :nnonv--cvidlidﬂiﬂ#'
Tupelo: e S g

BlaCRCi'ﬂﬂGtﬂﬂflliililitihln; 87 H 115 [ N YT L
wateri¢iiliﬂﬂﬂ-cnu¢niovovn=-: 158 $000000000000000000000069000000

wa]-nut, blaCk.oooooooooooo-oo.o 90 : 75 :--n-dﬂilﬂi.lﬂ‘.li.l.
Willow, blaCkﬂﬂﬂlﬁiﬂiﬂiiﬂlb nnnnnnn .-uu-qpt:n‘qn‘ﬁ}ﬂﬂ: 139

Yellow-popla’rﬂ'ﬁPi.ii.iltlblqnl= 83 : 106 ;wunﬂ nnnnn &8 udades e

1
“Scientific names are listed in table 8 opposite accepted U. S. Forest
Service common names for individual species.

2
-Base‘ on oven-dried weight.
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Taeble 3.--Approximate:drying periods for l-inch lumberdl

Speciesg s Time required to kiln-dry l-inch
3 stock from:

__________________________________ e —

20 to 6 percent : Green to 6 percent2
: moisture content : moisture content

L e m Em R Em Em i AN G AN BN M e ol ol

SOFTWOODS . Days

oo

Baldcypresso.,.,..o..eg.......; 4-8 : 10-20

Cedar: s :

A1asSKa YELlOW. . seusuvorenmsatoreancarcrannannnst 4-6
Eastern red..c.ceeeeesecones? 2-3 . 6-8
California INCenSE..eseececelossoeessasosccsacss 3.6
Northern Whitee.ceeoorooeooaSooooeoesosssonsnoss 8-10
Port Orford white...oeveoseoSeoassanssasosnsnnss 4.8
Atlantic white...:cuveuirereuSranrasarsnanscinant 8-10

s 0-15

Western I‘ed.“..........”...;.;...-.-----------: J

T
°

Douglas=-fir;
Coast tyPEiceereocsovcncsoosscolonsessosacssscssance

A
4=y =

Intermediate type....ciieucudiirssnanracnannans
Rocky Mountain typeeeceecosoclosssacsascsosascnse -
Fir: 3 2
AlPiN€....veoevesocevossssselosscccacasssscesost 3=5
BalSamM.soeeecesoooosoecesssatocessnancsonenssasel 3-5
Grand (lowland White).sesesufuvsrvaroanaasnr-nasnt 3=5
OB v u v nrammnreessintsanaainarsananrersarnmanh 3=5
Pacific SilVer.ccoeccocecsseloasssonacosoccesssl 3-5
IE5l 6000000 0000080006000006000R0000080000800000000¢ 3-5
White...... 300.80006000000000800000000600-000060608 3-5
Hemlock: 3 E
Eastern..s-ueninstsntusanarnSearsnnnsaparnannsst 3-5
WSt e N o uv e rrrnmanneneraingSoannarmasresninasst 3=5
Larch, WeSterN. veessav nntsastioraanasnn sansasnal 3=5
Pine: 3 5
Fastern white....iovuaivavaas 2-3 B 4-6
LOGEEPOLE tcuaraanacnanmssnactorsarasrassasasnnsi 3-5
PONAEYOS8 . v e vaneasnsarrarraloscinoassanntsarnat 3-6
REA s s v senncssasnasnannessactosssaarnnsninanrssl 6-8
Southern yellow: 2 2

LODIOLLY s v sneemsnrsnnnuestocansanncsrnivassns 3-5
LONgleal .voessoseacosveocadosassnessnsnssasvel 5-5
3-5

°

Shortleafc..eocscsacosscsoslosssacssssesscsssss

Rept. No. 1900-1 (Sheet 1 of L)




Table 3.--Approximate drying periods for l-inch lumberd (Continued)

Species2 : Time required to kiln-dry L-inch
g stock from:
: 20 to 6.percent : Green to 6 percent2
: moisture content : moisture content
SOFTWOODS : Days : Days
Pines :
Sugars: :
T2 0N P . 3-4
FalEl=P s ncaneanorooep IGpoooibo0o0nagea00a0000ok 5-10
Western white (TAaho).euueseivunenennenennenaant 3-5
Redwood: 4
LAight s . vevrnvneennn, eanat 3.5 10-1k
SinKer. . i 5-7 : 20-24
Spruce: )
Eastern i i spbmalis fime s bmd mue s sornsastassrenassl L-6
Engelmann. ............. B f e es e e s mes st 3-5
S tKA - v v vt e vefestsatsarssanarsnal L-7
Tamarack (eastern larch)...... B e ey O e - 3-5
HARDWOODS
Alder, red+....,.._.+.........; 3-5 £ 6-10
ApDle. . iiiiinaannrns NI L7 3 10-15
Ash: 4 :
Black. « s ewmmsa e o ate e it 5-7 F 10-1k4
WHIBE e s e e e e eeeee e aneennnt L7 : 11-15
Aspen (quaking and bigtooth).: 3.5 : 6-10
BassSWOOd . s s v v rurnrann e y 3-5 : 6-10
BeECh. vt vve vt iinansntanennas : 5-8 4 12-15
Birch: 2
o= o= fie kR o e i : 3-5
YELlLlOW. tevnusnnnainnarnninnsst 5-8 : 11-15
Buckeye, yelloW..tacisianenn.- 5-8 12-16

Rept. No. 1900-1 (Sheet 2 of L)




Table 3.--Approximate drying periods for l-inch 1um§§gl (Continued)

HARDWOODS

se as oo oo oo se

Butternuti‘iI‘.II‘II.'III..I-II-I-.I-I:

Cherry, blaCk.'."l'.l“..Ijli-"
Chestnut.sisieavstonns
Chinquepini.vecuvoosmsosrsarsnns

Cottonwood, blaok-lutiip!iiitill

oCH E AR

e 62 ¢ TG me se ma o0

Dogwoodll"P"‘IH.I"II.‘.I‘.!!.I‘:

Elm:

American'l“."""i'.ll‘.il.llll-il

RocktiIi.l.l‘.‘t-dﬂji"il.‘i.ii

Hackberryt-i-t-vvolniililita-ihs

e ee 4o 4o Tee oo

Hickoryl'!!.1‘."'!""..-!.5l.'!:

Hollyl"’fi"ll..lﬁ'..'.v"ﬂ'llH"
Hophornbeam (1ronwood).eesssssss

Laurel, California (Oregon
MYTE10) covnuvanuminsnsarnesns

Locuet, blaCvananoltortonu§---
Madrone..cseoserssarssnsansansassn
M&gﬂOlia---q-;ctnnuo.u--.-..-u..

Mahosany-viitoqtoittaatiti ------

Maple:

Silver (Boft)ovﬁnuotiittcé -----

Sugar (hard);..

Rept. No. 1900-1

ar o6 ke ee

#e S8 WP 06 #6 Se FO Se Ee 00 b

»
AL B B BN BN B B S B Y

Time required to kiln-dry l-inch
stock from:

L T E T I ST PR TR R A L L bl bl o L LR T

20 to 6 percent
moisture content

e B NN BN W BN N PR OYR BN N e ey e e s i il B el

4-8
7-12
4-8
5-8
k-6
5-8
4-6
k-12
5-8
5-8

5=T
8-11
4-6

47

5-8

@0 o0 v aw es 6 00 SE 4% G4 ee SO ea #8 O8 as 49 GO 8 08 O

*s oe eo se oo s

.o

Green to 6 percentd
moisture content

10-15
10-1k4
8-12
22-28
8-12
12-16
10-15
1317
T=-11
7-15
12-16

12-16

10-15
12-16
15-20
10-15
12-15

7-13
- 11-15
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Table 3.--Approximate drying periods for l-inch lumberd (Continued)

Time required to kiln-dry l-inch
stock from:

Speciesg :
¢ 20 to 6 percent :
: moisture content :
HARDWOODS : Days :
Oak: : :
Califomia black-liiaiolbiatta: 6'1.0 :
Liveouint-'lllwﬂacol!'r‘v*.o-iinn::;--.:.--44-:4-;---:
Redoonuoeouooaaoooonnou.oooooo: 5-10 :
Tanaooooonooeeeon#ononlooocoao: 7-12 H
Whiteounooooaoonooonoeo;aocouog 6"12 :
OBage-Ora.nge“.““”.,-”u.”.: 5‘8 H
PeI‘Bimmonn“””“”uaa“un“.: 5-8 :
Sweetgum: H :
Heartwoodqtuiv&n'idillil!iidiﬁ: 8-12 H
Sapwood.n-“--u-unqo..-a-‘u...: 5"’7 :
SycamoOresssvecvosbsssnnatsnnerssst h-? :
Tupelo: : g
BlaCR nnnnnnn Trs iR R AL E AP b wr R R )4-6 .
Watern;p“n.a.”...au.........:l 5-7 :
Walnut, blaCkooinvD'ﬂlltill-llllll: 5-8 :
Willow, blaCkononéoloOlﬂbdiioil': 5.8 H
Yellow=p0plar,a..o.-pa.aa.q.J..,.: 5'6 H

°
o

Green to 6 percentd
moisture content

-------------------------

15-25
10-15

6-12
6-10
6-12
10-16
12-16

6-10

l'Bec:ause of the many factors affecting drying rate and the lack of specific
data covering each case, wide variation from these values must be expected.
They are intended only as representing a general picture of average drying
periods and should not be used as time schedules.
shown were cbtained from commercial kiln operators.

Some of the drying times

2
“Scientific names are listed in table 8 opposite accepted U. S. Forest Service
common names for individual species.

2Some softwoods are usually dried to about 10 percent moisture content, but
the drying times shown will still apply.

Rept. No. 1900-1
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Table 4.--Specific gravity of wood

Speciesl ¢ Average

H ¢ Average
specific 3 ¢« specific
gravity2 @ : gravity2

----------------------- ) e

SOFIWOODS s HE SOFTWOODS :

4 oo o0 oo

Baldcypress..cccccceccost 0.42 ¢ Redwood: :
3 :: Second-growth.soa.aa: 0.30
Cedar: : 22 0ld-growth..ssvessssd .38
Alaska yelloW.:sceseas: A2 2 :
Eestern red..... SO0 8 R :: Spruce: :

California incense...: 855 : EasterN..isvesascssssi .38
Northern white.cccooo: .29 38 EngelmanN.eacooos Bool 032
Port Orford white....: 140 B3R S ET v inaannnnn onoonong i
Atlentic white..coos.: .31 HH H
Western red.ccscccocss 31 :: Tamarack (eastern :
3 2 larch)..sseccussacsat 49
Douglas-fir: ] 3B :
Coast typecccoccccons? 45 83 HARDWOODS 5
Intermediate type....: A1 e :
Rocky Mountain type..: 40 :: Alder, red..cosecuonnnf BT
Fir: : 32 ApPle.caoscaaasernaarsi .61
Alpinecossccccsooooonl .31 : H
Balsam.,icrsvannaas o ? -3k 32 Ash: 3
Grand (lowland white) 37 22 BlaCK.osaseassessansed 45
Noble.coooosonassoosoos S 38 U EDcancapo00 0000008 55
Pacific silver..ccoo.: 35 38 H
Red...... terteanraonaa : 3T :: Aspen (quaking and :
Whit€eoooooooeoooncaol 35 2t Digtooth)..ucewcssanet .38
Hemlock: 3 :: Basawood. o sanennansnt <32
Eastern.scoosos srpeen? .38 o :
WeSterNans ssssnnansat .38 22 BeeChR.sivruavrraarsannal .56
Larch, western..cuo.. T .50 :: Bireh: §
< RO I n nannannana D oo A48
Pine: ] 38 YelloW.wwouac B OO0 0cEH 7 «55
Eastern white...vov.o.: 3l 06 :
Lodgepole.sesoocscnast .38 :: Buckeye, yellow..coeoso =5
Ponderosa.secascnacast .38 :s
Red.:vvavaans BeGnoano 8 41 22 Butternut.cescsacancse 36
Southern yellow: z 3

Loblollyecasosssnnnt A7 :: Cherry, blacK.:cossa-
Longleafﬂﬂ’ﬁlﬂ'ﬂ'o’g °5h : )
Shortleaf . scosanast L6 $2 ChestnUb.v.caveornsonssl 40

Sugar‘l'lubﬂﬂqﬁjj‘j“: 55 :: :
Western white [Idaho): .36 22 Chinquapin.c.eoswssanss 42

-
es #9 oo 40 oo

Rept. No. 1900-1 (Sheet 1 of 2)




Table 4.--Specific gravity of wood (Continued)

Speciesi : Average i Speciesi s Average
: specific & ¢sspecific
: gravity?2 ‘e :gravitys
HARDWOODS : o HARDWOODS :
Cottonwood, black.......: 0.39 ++ Maple: :
: ; Silver (soft).......: O.hk
DOZWOOA .+« v v v vennnn- ‘oad .6l ::» Sugar (hard)........ . .56
Elm: : ;2 Oak: :
American......... — 46 .. California black....: .51
Rock..... e a e we et .57 cr Live...... e . .81
: tr Redd........ii.ieeilt .5k
HaCKberTy . uveererennns . kg Y DU S 1o
§ :: White R .60
HicKOTY . u:inrerrnmrnrnnnt .65 :
. .1 0SBEE-OTaNge . «-«.srr-i 10
Vet cer 0 0 0 0y 0 0006 0 Fhosoanal .50 &4
- 12 Persimmon.....oceveeeos .64
Hophornbeam (ironwood)..: .63 i1 ;
: ey SWeetgum, .vcvevee oo . bl
Laurel, California H ] :
(Oregon myrtle)..... ot .51 1t SYCEIMOTE .+ .vovecronnso : L6
Lemonwood. . . vveasrerin--t .82 +: Tupelo: :
- 11 Black.......... e L6
Locust, black...... Ceeent .66 11 Water..ieavoeinions L6
Madrone............ ciiaal .58 :: Walnut, black........ 25 .51
Magnolia. .. .....-. ceanad b5 +3 Willow, black......... : .3k
22 Yellow-poplar.........: .38

}Scientific nemes are listed in table 8 opposite accepted U. 5. Forest
Service common names.

gBased on weight when oven-dry and volume when green.

éﬂyerage of northern and southern red oak.

(Sheet 2 of 2)
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Table 5;-=Calculated weights of wood

Speciesi : Weight in pounds $ Weight per 1,000
: per cubic foot . board feet at a
TR AR EE s —————————— = moisture content
., Based on weight ‘ Based on weight ' of 15 percent
° and volume at a ‘ and volume at a ° (actual board
" moisture content’ moisture content ' feet)
* of 15 percent i of B percent 5
SOFTWOODS e : 5
Baldcypress. ..sesas st 32.0 : 31.1 : 2,670
Cedar: 3 3 B
Alaska yellow.o.ooo: 31.1 3 30.1 b 2,590
Eastern red...cco.0: ek H 32.0 3 2,760
California incense.: 25.3 ; 2h.1 : 2,110
Northern white.....: 21.6 : 20.7 : 1,800
Port Orford white..: 29.8 S 28.7 : 2,480
Atlantic white.....: 23 .4 8 22.7 . 1,950
Western red..c.cuant 23,1 : 22.3 : 1,920
Douglas-fir: g ] F
Coast type.c-scan= ¥ 33.9 : 33.0 2 2,820
Intermediate type..: 31.2 : 30.5 : 2,600
Rocky Mountain type: 30.1 3 29.0 : 2,510
Fir: 3 3 g
Alpine..ceosoooccocss 22.3 : 21.2 g 1,860
Balsam.ccooooooccan? 25.9 : 25.0 : 2,160
Grand (lowland : : :
White)eeooeocoocoo? 28.0 : 27.0 : 2,330
NOblesoussvsnrsacaat 26.6 : 25.9 2 2,220
Pacific silver.....: 27.0 ; 26.% g 2,220
REAussrnncannoannst 27.9 : 27.0 : 2,320
White.vcoarasnaansal 27.0 : 26.3 : 2,250
Hemlock: ; 3 :
Eastern.vevinocoaant 28.5 s 27.7 : 2,370
WesterN.sonraaa. . 29.1 : 28.4 : 2,420
Larch: g 3 H
WesterNaosirumeannnat 38.3 : 37.7 $ 3,190
Pine: 5 ¢ 3
Eastern white......: 25.1 3 24,0 : 2,090
Lodgepole.ssusannsnl 28.7 : 27.3 : 2,390
POnderosa.cas.vsanwss 28.3 : 27.3 : 2,360
Red.ssvesnnnnn Soogo g 30.9 3 30.2 2 2,570

Rept. No. 1900-1 (Sheet 1 of L)




Table 5.--Calculated weights of wood (Continued)

Speciesi : Welght in pounds : Weight per 1,000
2 per cubic foot : board feet at a
§ i e e L ¢ moisture content
; Based on weight : Based on weight : of 15 percent
: and volume at a : and volume at a : (actual board

: moisture content: moisture content : feet)

: of 15 percent of 8 percent :
SOFTWOODS : : :
Pine: H ; 3
Southern yellow: 3 i s
LOblOllyo 2000000 a: 3506 8 5!"08 = 2’970
Longleaf.ccooccoos 40.8 : 39.8 - 3,990
Shortleafccosccoo! 35,0 H 34,2 s 2,920
ST PR R R Ry 25.8 : 2k, 3 2,150
Western white : $ -
(Idaho) secoososost 27.5 : 26.8 ¢ 2,290
Redwood: 3 2 3
Second=growtheeoos.: 22.3 $ 21.3 : 1,860
Old.-grOW'tho voovaocoo v: 2501" H 2&05 g 2,].20
Spruce: 3 3
Easterf..ccccocooosot 28.4 27.6 : 2,370
Engelmann.oo.cceoooos 23.7 : 23.0 3 1,970
B1tka.coscsncccconss 27.8 : 27.0 § 2,320
Tamarack (eastern s ; :
1arch)°¢°on0°°nﬂ°°°g 3751 g 5660 : 3,090
HARDWOODS : X :
Alder, red.ccsccocscos 28.2 3 27.7 3 2,350
Appleouoooooonooeoouo: )"'702 g &698 H 3,930
Ash: H ; 2
BlacK.sooscoesosnsal 34,5 : 33.9 : 2,870
White.osoecoasecesat 40.6 : 39.6 : 3,380
Aspen (queking and 3 : :
bigtooth)coeoccososs 26.6 : 26.0 H 2,220
Basswoodosecocsaossnss 25.3 i 25.1 i 2,110
Beethooeocsosvsnosanet )-1'505 : }4246 3,610
Birch: ] 3 ;
PapPETccocouocoosasas 37.9 : 37.7 : 3,160
YellOWooauoooebuéan: haah‘ H 1"1»9 4 3,530

Rept. No. 1900-1 (Sheet 2 of 4)




Table 5.--Calculated weights of wood (Continued)

Speciesl

—————————————————————

HARDWOODS

Buckeye, yellow..o...

» 60 oAb ma

Butteriativees o e aie s
Chisrry. Blacls tees d.: >
Chestnut...oocovoooosol

Chinquapinooeaohvooe L)

e asp ss ww

Cottonwood, black....:
Dogwood,....““u““.:
Elm: :

AmericAD.scecvanoess

ROtk .. vg cinioie eiocuiom oiv ats
HeckBer T ees wae s s
HiCkoryili!#v‘!ll aaaaaa
Hollyaaoneoonooooanuu

Hophornbeam (iron-
wood)ﬁnno-noﬂﬁnﬂnﬂﬂ

Laurel, California
{Oregon myrtle)....:

Lemonwood . ococoocnoost
Locust, blaskK.iieonsed

¢
MEE P ON G e nrwmrewis s 6 5578

Mapnalia v susss s stasia 3

Rept. No. 1900-1

Weight in pounds
per cubic foot

---------------------------------- -

Based on weight
and volume at a
moisture content
of 15 percent

24.9
27.0
35.5
30.0
31.7
28.3
50.0
o
36.8
50.3
38.9

48.9

38.9
56 .2
48.6
4.5

33.6

"5 An ws 40 B0 as

CUR

L T T T

EE *w @9 we¢ B me =l ay

Be oh B 4m e »a

aw

on

Based on weight
and volume at a
moisture content
of 8 percent

24 .4
26.2
34.5
29.2
31.0
27.7
49.8
2]
35.9
50.2
38.4

48.3

37.6
54.3
k6.5
k3.9
32.9

oo se eo

os ©0 oa

.

v wnm

D Ee A wo &4 w4 88 WD Ea

an 30 #v ma

*m *% o8 T

2e sa

»a oa

Weight per 1,000
board feet at a
moisture content
of 15 percent
(actual board
feet)

————————————————————

2,070
2,250
2,960
2,500
2,640
2,360
4,160
3,020
3,620
3,070
4,190

3,240

4,070

3,240
4,680
4,050
3,710
2,800
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Table 5.=--Calculated weights of wood (Continued)

Speciesl 5 Weight in pounds ¢ Weight per 1,000
H per cubic foot ¢ board feet at a
R ¢ moisture content

: Based on weight : Based on weight : of 15 percent
. and volume at a : and volume at a : (actual board
: moisture content: moisture content ¢ feet)

: of 15 percent : of 8 percent 3

HARDWOODS . : :

Maple: g : s
Silver (80ft).ccco.s 3L.9 s 33.9 - 2,910
Sugar (hard)..cc...: k1.7 < 41,1 2 3,470

Oak: 3 : -
California black...: 39.0 - 37.7 3 3,250
LivVeoooossooooccaool 62.7 : 61.2 ; 55,220
130 S e e OO 434 3 42,8 g 3,620
Whit€oooosoooosooaal 45.9 3 45,4 2 3,820
0888e~0range . ccoooooo? 56,7 ‘ 54.7 : ;720
Persimmon. cccocoococoss 49.5 i 49.0 s 4,120
Sweetgum: o cooococooost 34,1 ; 3% .6 3 2,840
Sycamore..coooco0o0c0o? 34,9 . 34.3 g 2,910

Tupelo: g 9 :
Blackooqoooooanoooo: 3500 g 3#05 g 2’920
waternoanoooonoaaoo: 3590 a 3""0 H 23920
W&lnut, blaCKeoaooooug 3801 H 5607 9 39170
Willow, blacKo.ococcooo.s 26,1 3 25.8 3 2,170
Yellow=poplarcccocccos? 28.3 2 27.5 : 2,360

a a
o a °

1
=Scientific names are listed in table 8 opposite accepted U. S. Forest
Service common nemes for individual species.

(Sheet 4 of 4)

Rept. No. 1900-1




Table 6.--Shrinkage values of wood based ugonvits d}mens;ons when green

Speciesl : Shrinkage
: Dried to 20 percent : Dried to 6 percent
3 moisture content 5 moisture content
“Radial ‘Tangen-: Volu- Radlal :Tangen-: Volu-
3 ¢ tial : metric : ¢ tial : metric
SOFTWOODS Percent Percent Percent: Percent Perﬁent Percent
BalddypPept: veavst viganeesd 13 5 2.1 3 3.5 : 3.0 : 5.0 3 8.4
Cedar: 2 : g 2 3
Alaska yelloWoouwsooncoss? o9 2.0 ; 3.1 .: 2.2 : 4.8 : 7.4
Bastern red..coeccacesast 1,0 1.6 : 2.6 : 2.5 : 3.8 : 6.2
California incense i 1.1 1.7 ¢ 2.5 : 2.6 = k.2 : 6.1
Northern whité..scesacee: 7 ¢ 1.6 ¢ 2.3 : 1.8 : 3.9 : 5.8
Port Orford white.......: 1.5 : 2.3 : 3.4 : 3.7 : 5.5 8.1
Atlantic whit@e.ccvoasan: o9 1.7 ¢+ 2.8 : 2.3 : 4.3 7.0
Western red..oscosecoscel o8 1.7 @ 2.6 : 1.9 : ko0 6.2
Douglas-fir: ; ; , ; C -
Coast type.ceocosnanecael 1.7 2.6 : 39 : 4,0 : 6.2 : 9.4
Intermediate type..c.ean: 14 : 2.5 : 3.6 : 3.3 : 6.1 : 8.7
Rocky Mountain type 1.2 : 2.1 : 3.5 : 2.9 : 5.0 : 8.5
Fir: ; ; ; ; ; ;
ALPine 5.5 sasite sia v snnias aves a8 3 24 r 3,0 : 2.1 : 5.9 : T.5
BRlSAL 1 wwi oe oo i 33 e TS e 2.2 : 3.6 : 2.3 : 5.5 : 9.0
Grand (lowland white)...: 1.1 2.k 3.5 : 2.7 ¢ 6.0 : 8.8
Noble.ocovovasvacsearesas 1.5 ¢ 2.8 ¢+ L2 : 3.6 : 6.6 : 10.0
Pacific silver..cicoeeee: 1.5 : 3.3 : k.7 : 3.8 : 8.3 : 11.7
ReQ.occovocsnanceanasoaet 1o3 ¢ 2,3 39 : 3.2 : 5.8 : 9.8
NBEEE oo e saeen wos sy e 4 Lol 3 2o 3.3 : 2.6 : 5.7 : 7.8
Hemlock: 5 ; : ; ; ;
Eastern...... caseavneswns 1.0 2 2.3 ¢ 3,2 : 2.4 : 54 ¢ 7.8
Weetern.con navosneesaeat 1o 2 2.6 @ %0 : 3.4 : 6.3 ' 9.5
Larch, weater..ocecees eseet Ll oo 2.7 ¢ B4 o 34 : 6.5 : 10.6
Pine: ; ; u ; ; ;
Eastern whit€.ceeooeccee: .8 ¢ 2.0 2.7 : 1.8 : 48 : 6.6
LodgePOlessecssasscooncal Lo5 2.2 3.8 : 3.6 : 5.4 : 9.2
Ponderosaccccccocccoscaas 1.3 ¢ 2,1 = 3.2 : 3.1 : 5.0 T-T
ReQoceocoosooconcencaceat 15 1 2.4 3.8 : 3.7 : 5.8 9.2

Rept. No. 1900-1




Table 6.--Shrinkage values of wood based upop ite dimensions when green (Contd.)

Speciesi 3 Shrinkage

Dried to 20 percent : Dried to 6 percent
moisture content 3 moisture content

:Radial :Tangen-: Volu- °Radlal sTangen=¢ Volu-

3 ¢ tial : metric : : tial ¢ metric

= s
S e T " SO0 T M 0 L e e D mm £D g o B G o P mm e Do e e 0 e e T T

SOFTWOODS Percent Percent: Percent:Percent: Percent Parcent

Pine: s g 3 % 2 5
Southern yellow: 2 ! 3 i s
Loblolly.coccccscncsaes 16 : 2.5 3 4,1 3.8 5.9 : 9.8
Longleaf.:.scanua eaesel L7 2 2.5 @ hka Ll : 6.0 : 9.8
Shortleaf...ossrcnavsaiz 1.5 : 2.6 .1 3.5 : 6.2 : 9.8
SUgAT . s sucvoaas siresessai 1.0 1.9 2.6 2.3 : 4.5 ¢ 6.3
Western white (Idaho).. 1.k : 2.5 3.9 ¢ 3.3 : 5.9 : 9.4
Redwood ¢ 5 : 3 3 : 5
Second-growthe.eosceeses: 7 ¢ 1.6 : 2.3 : 1.8 : 3.9 : 5,7
013 -groWwth.cceeesnvcooool 9 : 1.5 : 2.3 : 2.1 : 3.5 5.4
Spruce: 3 : 3 5
Bastern..v.socossceneranaz L 2 2.6 ¢ 4.2 : 3.4 6.2 :- 10.1
Engelmann..ccocccoseeeco: Lol o 2.2 3.5 3 2.7 5.3 8.3
SitkBococooooscssssnosass 1ot 2 2,5 ¢ 3.8 . 34 6.0 9.2
Tamarack (eastern larch)..: 1.2 : 2.5 L.5 : 3.0 : 5.9. 10.9

HARDWOODS : : . : : :
Alder) redoeﬂonoﬁaﬂ.ooﬂooﬂs l°5

Applenaunaoooeoo'ooo.oooen: 159

¥ B% w3 A ae
\S |
°
=~
\n
\O
=
©
-J
2
4=
=
£
-3

Ash: 3
Black P 000000000000 CO O8O0 O0C g l *
W}lite Q00 00000CS®O0O0S8500ECOC ® 00 : l

Aspen (quaking and e : : : : .
bigtooth) eocccoccccsccsco 1 2.2 : 3.8 : 2.8 : 54 : 9.2

[
no

Basswood.ceooesesocccoasoel 2e2 é 3.1 : 5.3 : 5.3 ; T4 : 12.6

o0
°

BeeChaooooooooeasooecanonot 1.7 2 3.7 : 5.4 ¢ 4,1 : 88 : 13,0

(Sheet 2 of 4)
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Table 6.--Shrinkage values of wood based upon its dimensions when green (Contd.)

Speciesi H Shrinkage

: Dried to 20 percent : Dried to 6 percent
moisture content : moisture content

:Radial °Tangen-: Volu- :Radial :Tangen-: Volu-

: tial : metric : : tial : metric

e e S ol 2 i o e D T [ om e e MY [ O D ML Ea om e

HARDWOODS Percent*Percent Percent : Percent Percent Percent

°
°

Birch: 3 3 3 5

PapEr..cccococcesccscsas: 2.1 2 2.9 : 5.4 : 5.0 ; 6.9 ; 13.0

YelloWocoeoossooeaosacaol 2.3 ¢ 3.0 : 5.4 : 55 ¢ T.1 ¢ 13.0
Buckeye, yellow.aoo.gno.p°; 1.2 ; 2.6 § 5.0 2.9 : 6.5 . 10.0
Butternutooe.o.ogo.....n,o; 1.1 . 2.0 ;' 3.4 : 2.7 : 5.1 : 8.5
Cherry, blackoon.,o..uo.ooz 1.2 ; 2.4 ; 3.8 ; 3.0 ; GYsi ; 9.2
CheBENUL .« vueroenonnnanaco: L.l i 2.2 3.9 : 2.7 : 5.4 : 9.3
Chinquapin,,..,.........n.; 1.5 : 2.5 i k.4 ; 3.8 ; 6.2 ; 11.0
Cottonwood, black...gq.u,ni 1.3 i 3.1 i 4.7 : 3.1 : T4 : 11.3
Dogwood.o,o.,.,.o...,.,ﬂo.; 2.4 : 3.8 : 6.6 ; 5.9 ; 9.k ; 16.6
Elm: ; ; ; : ; ;

2 : k.9 3.4 : 7.6 : 11.7
T : k7 : 3.8 : 6.5 : 11.3
0

4.6

American.coceccsoscscssss Lok
Rockﬂo..9°Q.QQOQOC.OO..Q: 106
6

Hackberry.ccocscoccosecseas Lo 3.8 : 7.1 : 11.0

F1CKOTTsrereennceneenncons: 2.4 ¢ 3.8 : 6.0 : 5.8 : 9.1 : 143
Halils: o5 siiwadagnias ankenst RS ; 3.2 ; 5.4 ; 3.8 ; T.9 ; 13.5
Hophornbesam (ironwood).nu,; 2.7 ; 3.2 § 6.2 Z 6.8 ; 8.0 ; 15.5
Laurel, California i z : z : 2
(Oregon myrtle).coosssant 9 : 2.7 : 4O : 2.3 : 6.8 : 9.9
LOTODWOOR « « 0+« ns sanansnnst 15 : 2.2 3.7 : 3.3 : 5.7 : 9.3
Locust, BLACK : <0 s amornsan? 1.5 ? 2.3 ; 3.3 : 3.7 ; 5.8 : 8.2

(Sheet 3 of 4)
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Table 6.--Shrinkage values of wood based upon its dimension when green (Contd.)

Speciesl : Shrinkage

ke kb e )k kW ke e O LD P P Pk O e U CTE WYl R Gl O PR

¢ Dried to 20 percent Dried to 6 percent
: moisture content moisture content

® OO0 T D OO0 0 W e ek G B D PR R S e G ol Dl T e

:Radial :Tangen-: Volu- ¢Radial :Tangen=-: Volu-
s tial : metric ¢ tial : metric

= O e e il e Bkl B B e o O T O b sk e O o o e @ 0w ----n_-°=suun--:'dh—ﬂm-ﬂ-

HARDWOODS :Percent:Percent; Percent :Percent :Percent: Percent
MadTone. cooococcesssccsoss: 1.8 ¢ 4.0 : 5.8 : 45 : 9.9 : 1k.5
Magnolif..cecoceoocovvccass 17 : 2.9 : 4.5 : 42 : 7.0 ¢ 10.9
Ma}loga.!lyuooooeoaooooooeono: 102 : 106 : 206 : 209 : l+00 : 6ﬂh
Maple: s : ] B 2 2

Silver (80ft)cccocescses: 1.0 ¢ 2.4 : 40 : 24 : 5.8 : 9.6
Sugar (hard).ccceecccccs: 1.6 : 3.2 ¢ 5.0 ¢ 3.9 ¢ T.6 : 11.9
Qak: ] : ] ] g H
California; blacKcocosost 1.2 2.2 : 4.0 : 3.0 3 5.5 : 10.1
IiVEecoooncsoocnosaoncaosl 2.2 : 3.2 : 4.9 : 5.5 : T.9 : 12.3
Red2....c0eeeeeneoncneast L1 2 3.0 0 k9 ¢ o34 P 7.2 ¢ 11.8
Whited...c..ovvevecosees, 1.8 | 3.1 . 5.3 , 43 , 7.4 | 12.8
Oaage‘orangeﬂ@cnﬂ011DOOBDDO;‘Qooocogﬂﬂﬂﬂobﬂz 300 ;OGOOGOG;OOOOO“G; 70h
PersiMmon. ccoocccccossscsd 2.5 : 3.6 : 6.1 : 6.3 3 9.0 : 15.3
SWeetgUM. cvecoscooccaoencat LoT ¢ 3.3 : 5.0 : 4.2 : 7.9 : 12.0
SYCAMOTE. ccovooesnvosccesot 1T ¢ 2.5 : 4.7 : 41 : 5.3 : 1l.k4
Tupelo: : : g - .
BlaCK..oooooooocsoncocee 1.5 ¢ 2.6 ¢ L6 : 3.5 : 6.2 : 1l.1
Watero000000000000000000: loh : 205 g hoe : 30& : 691 : lOvo
Walnut, blacK.ccooooooocoas LaoT 2.k : 38 : L2 : 57 : 9.0
Willow’ black000000 © 00000 D: 08 : 206 : )4'06 g 201 g 605 : 1105
Yellow-poplarowoauoauooouo: ln3 H 2oh : hol M 302 H 507 H 908

° °
° ° °

;Scientific names are listed in table 8 opposite accepted U. S. Forest Service
common names.

=Average of black oek, laurel oak, pin oak, northern red oak, scarlet oek,
southern red oak, swamp red ocak, water oak, and willow oak.

ZAverage of bur oak, chestnut oak, post oak, swamp chestnut oak, swamp white
oak, end white oak.

Rept. No. 1900-1 (Sheet 4 of k&)
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Table 8.--Accepted U. S. Forest Service common and scientific

names for timber trees

Common name

o e e OD G B D G3 G D (e M) G 69 G 9 G €9 M an €O GB 00 G CD 63 b G D WD G ) @ S0

HARDWOODS
Alder;, red.ccccccoocs
Appleoooucoopooounuo

Ash:
BlacKkososoocoooooa
Wllitenoooweoonweoo

1,

Aspen—:
Bigtooth.coaovesooo
Quaking.cocecoocsso

Basswood, American..
Beech; American.....
Birch:

1E395370 000000000000

YelloW.soooooocoss
Buckeye, yellow.oooo
Butternut.cecocooscoo
Cherry, black.ccoooo
Chestnut , American..
Chinguapin, golden..

Dogwood, flowering..

Elm:
Americanc.cocecccoo
ROCkoDOQOOOOOOOODO

Hackberry.cocsooosoo
(sugarberry)

Hickory:
True hickory group
Mockernutcccocoo
Pignut.cccsooces

Rept. No. 1900-1
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0o e 00 ©0 e6 0O ©& 00 60 ©O0 90 00 60 00 00 00 OO0 0O 00 00 00 60 50O
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00 06 00 90 #b N8 e9 0D 00

Scientific name
Alnus rubra
Malus sp.

Fraxinus nigra
Fraxinus americana

Populus grandidentata
Populus tremuloides
Tilia americana

Fagus grandifolia
Betula papyrifera
Betula lutea
Aesculus octandra
Juglans cinerea
Prunus serotina
Castanea dentata
Castanopgis chrysophylla
Cornus florida

Ulmus americana

Ulmus thomasii

Celtis occidentalis
Celtis laevigata

Carya tomentosa
Carya glabra

(Sheet 1 of 4)




. Table 8.--Accepted U. S. Forest Service common and scientific
i names for timber trees {Contd.)
|
]

Common name 8 Scientific neme
HARDWOODS E
: Hickory: :
: True hickory group: g
Shagbark. .ccoeceococecosssooosaos Carya ovata
Shellbark.:ccosocoocsscsccocsncl Carye laciniosa
| Pecan hickory group: :
Bitternut..occoocecococoeecooenes Carya cordiformis
Nutmeg..coocoocooscsococossoceoss Carya myristicaeformis
| Pecan...ccoeoccocsesseesccsnnsal Carya illinoensis
Water hickoryccooeoccescooesooss Carya aquatica
| Holly, Americanccoccocccoccocococosl Ilex opaca
| Hophornbeam, eastern (ironwood)...: Ostrya virginiana
Laurel, California (Oregon myrtle): Umbellularia californica
Lemonwood e o s s ooocosccocoscsccsnesel Calycophyllum candidissimum
Locust: G
Black:oeocooscoeoccoscsoscseansosl Robinia pseudoacacia
Madrone, PacifiCocccscccccccoscosel Arbutus menziesii
Magnolia: s
Southern..c.eccocoocccccocosossss Megnolia grandiflora
Sweetbay o ccocooooosccsoesosoasoot Magnolia virginiana
Cucumber magnolif.cccocccsecoosoos Magnolia acuminata
Mahogany: 3
Central Americlnc..ccceccococooss? Swietenia macrophylla
West IndieSccccococccecoccscosos? Swietenia mahagoni
Maple: 8
Hard maple group: ]
SUBBT o c00cccacooosscssccoscoosl Acer saccharum
: Black.ococoocaevscoscssoesscest Acer nigrum
Soft maple group: ]
Redoceceocoononscossoscaseecsonl Acer rubrum
S11Ver.csoocecccsccocecscocansl Acer saccharinum
Oak: g
i California blacK.ecococscococooas Quercus kelloggii
| 2 e S O 0 B G e e a0 0 Quercus virginiana
|
‘ Rept. No. 1900-1 (Sheet 2 of 4)
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ted U, S, Forest Service common aqgﬁgg}ggtific
names for timber trees iContd.}

Common name cientific name

>

HARDWOODS 5
Oak: 2
Northern red.cocsccccccococcccoas Quercus borealis
Southern red.occoococcocssoscacol Quercus falcata
Wh.ite oak groupooocooooooocooooeg QuerCus 8P
OBage~0range . scoooasccancococoooanss Maclura pomifera
]
Persismon.coccoccoscaosacococcoaacocal Diospyros virginiana
Sweetgum. ccooccoooovoccccccoososossol Liquidambar styraciflua
Sycamore, American.cccoocccoccsccoacas Platanus occidentalis
Tanoak. ccoscoccosocsocnscassanocncoeoaos Lithocarpus densiflore
3
Tupelos H

Y % 06000008 060000802050006A6E
| w&teroDODOOOOOOOOOOOGQ0000000000
SWEHP ¢ ¢ 00 00000000000000000000000

Nyssa sylvatica
Nyssa aquatica
Nyssa sylvatice wvar. biflora

Walnut, blacKccccooooovooocoosoooo Juglans nigra

Willow, black.cccoococcoosocoocooooa Salix nigra

Yellow-poplarccocoscsscooococooosao Liriodendron tulipifera

e ©0 DO 0O OC ©0 ©0C 00 8O0 GO OC

SOFTWOODS

Baldeypress:cooocoococcocsocosoosso Taxcdium distichum

Cedar:
Alaska yelloWoooooocoooooooooooo
Fastern red.ccooccocoecccccccoocconcs
California incens8€.coococccoscossoo
Northern whit€o.oooocoooosocoocono
Port-Orford whiteosooocooocoooonn
Atlantic whitecooooovcossscoosoo
Western red.occcococcccocoosoooanae

Chamaecyparis nootkatensis
Juniperus virginiana
Libocedrus decurrens
Thuja occidentalis
Chamaecyparis lawsoniana
Chamasecyparis thyoides
Thuja plicata

Douglas-fir (includes coast,
intermediate, and Rocky
Mouinkadn LIPEs )i sieaeis an ols oo vrave s

D¢ ©¢ BN B3 06 OC OC DO 04 #L 0O PC OO OD EE

Pseudotsuga taxifolia

Rept. No. 1900-1 (Sheet 3 of 4)




Table 8.--Accepted U. S. Forest Service common and scientific
names for timber trees (Contd.)

Common name i Scientific name
--------- T e P L Nl i e D e o e e o e e e s e e o o
SOFTWOODS :
Fir: 3
AlpineﬂiiﬂOiﬂIiaI-ibiul‘-ilpjyi-p-: Abies lﬂeiocaz‘pa
MIBamPl"ﬂﬂﬂQﬂﬂllliiﬂiiiiiin-uql|= Abies balama
Grand.(lowland white)..seeeessas? Abies grandis
Noble:onesossusacvnnsarennnasnns? Abies procera
Pacific silver..sesresnasconscnst Ables amabilis
California red..ooswcscasccsvesrsss? Abies magnifica
wllite'l-ﬂ ﬂﬂﬂﬂﬂﬂ !Oiﬂﬂ'iiiiﬂliiu-ll-u= Abies conCOlor
Hemlock: :
Easteml‘-‘liﬂﬂUUPO'!..I!II.-EI-IIQ: Tsuga cmadensis
Western:i:ecvisncaoravcerasornsncsl Tsuge heterophylla
Larch, westerfe.ccuisvrenvennacnansat Larix occidentalis
Pine: - \
Eastern whit@.sssicausanssansnnsl Pinus strobus
Lodgepole Pine.ssvuverssnssnnrasel Pinus contorta var. latifolia

Ponderosauq..-----r.qn..----.---
Reditﬂlnnr--n-liilliil-it':t--nt
Southern yellow:
Iloblolwlililﬂ.iifffiiliillill: Pmus taeda
Longleaf:csvantentatsnwinrinmean Pinus palustris
Shortleafsisscrwsvvnsaansansun Pinus echinata
Sugarou'nuvolttlinqnnauvucoiuniu Pinus lembertiana
Western white (Idaho)eesacsmsmes Pinus monticola

Pinus ponderose
Pinus resinosa

w*k &n #nm

WO @0 &0 WA 44 &k

Redwood - ciorsrouwnnssnenvsanononner Sequoia sempervirens

Spruce:

Easternl: :
Bleck:issecscvasvansrnsanansans Picea mariana
Red-riuouloiuta!k:--crrouocup-: Picea rubens
Whiteotuunriliuunil-i;n--voitn= Picea SIEuca

Engelmann.ccesarecrnansnneanensesd Picea englemanni

Sitka'".P'.'...'-i"""I.IIIQI.I

Picea sitchensis

Tamarack (eastern 18rch)..esvsssasst Larix laricina

Elumber sold under this common name may contain one or more of the species
listed. It is not possible to differentiate these species on the basis
of the wood alone.
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Figure l1.--Cross section of an oak tree showing:
A, cambium; B, innerbark; C, bark;
D, sapwood; E, heartwood; F, pith;

G, ray.
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Figure 2.--Quarter-sawed (A) and plain-sawed (B)

boards cut from a log.
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Figure L.--Triple-beam type of balance with

auxiliary weights.
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Figure 6.--Electrical oven with automatic

temperature control.
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Figure 9.--Characteristic shrinkage and
distortion of plain-sawed and
of quarter-sawed boards, squares,
and rounds as affected by the
direction of the annual rings.
The dimensional changes shown

are somewhat exaggerated.
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