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Introduction

Wood is frequently used in the original round form rather than in the
form of sawed products of the log, such as boards, planks, and timbers,

,or in the turned form, such as dowels or table legs. The round items
may be large logs of historical interest, logs for cabins, material for
constructing rustic furniture, or sections of tree trunks or limbs for
exhibits or novelties. It is essential that many of these items be
seasoned to a moisture content consistent with service conditions, and
that the bark be retained. The seasoning should be accomplished with a
minimum of deterioration through checking, cracking, and fungus and in-
sect attack. Other naturally round items, such as posts, poles, and
piles, that are generally peeled and seasoned primarily to prepare them
for preservative treatment, are not considered here.

General Discussion

Round items containing the bark are considerably more difficult to sea-
son and protect than sawed items. The difficulties arise because the
round items contain the pith or heart center of the tree, are frequent-
ly of large size, and include the bark. The enclosure of the pith with-
in the piece prevents the satisfaction of the inherent difference be-
tween tangential and radial shrinkage by distortion of cross section.

–Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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As a consequence, severe stresses set up in different directions during
drying and shrinking give a round item containing the pith a natural
tendency to develop a V-shaped crack, pointing toward the pith center.
All species shrink more tangentially than radially, but the difference
varies among species. The large dimension, plus the presence of the
bark contributes to extremely slow drying, which results in a prolonged
seasoning period. The slow drying makes the items vulnerable to fungus
and insect attack. Where pieces of large dimension are dried, drying
takes place so much sooner from the exposed surfaces than from the in-
terior parts that checks are likely to develop. The end-grain surfaces
are especially subject to checking. With items of large dimensions that
contain the bark, the drying period is prolonged to such an extent that
thorough seasoning, prior, to use, may become impractical. As a result
of these difficulties it is often impossible to avoid deterioration dur-
ing drying, but it can be held to a minimum by certain practices.

The natural tendency of wood to shrink is illustrated in figure 1. The
original log was sawed exactly through the center to form two halves.
After drying and shrinking, the two halves became deformed, so that they
can no longer be fitted together. If their centers are placed in con-
tact, two V-shaped openings remain. If the corresponding sides of each,
from the circumference to the center are placed in contact, the V-shaped
opening becomes twice as wide. This opening is equivalent to the crack
that tends to form in the seasoning of a log or a section of a log be-
cause of the difference between tangential and radial shrinkage, or to
the sum of such cracks.

Uniform shrinking of an item with a circular cross section requires a
proportional reduction in the diameter and in the circumference. The
percentage of the decrease must be the same for both. It can be con-
sidered that the reduction in diameter is accomplished by radial shrink-
age and the reduction in circumference by tangential shrinkage. Since
the tangential shrinkage is always greater than the radial, a conflict
arises.' For example, the radial shrinkage of a transverse section of a
10-inch American beech log in drying from the green condition to a mois-
ture content of 6 percent is 4.1 percent, while its tangential shrinkage
is 8.8 percent. The dry diameter of the section is 10 - (10 x 0.041) =
9.59 inches. The dry circumference permitting the reduction to be caused
by the tangential shrinkage should be 31.416 - (31.416 x 0.088) = 28.65
inches. A circle whose diameter is 9.59 inches will have a circumference
of 30.13 inches; the difference between 30.13 and 28.65 inches, or 1.48

inches, must be accounted for by a V-shaped crack or a deformation or
set of the wood. This is illustrated by figure 2.

If the percentages of radial and tangential shrinkage and the actual di-
ameter of the green section are known, the width of the crack can be cal-
culated by the following formula:
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dC =	 (T - R)w 100

where Cw is the crack width in inches, d is the green diameter in inches,

R is the radial shrinkage in percent, and T is the tangential shrinkage
in percent.

A transverse section of American elm (fig. 3) 33 inches in diameter and
3 inches thick was room dried. Before drying began a saw cut was made
that extended to the center, and the end-grain surfaces were coated with
paraffin. The difference between tangential and radial shrinkage caused
the saw cut to develop into a crack 3.19 inches wide at its widest point.
Using the formula

C = 1E1 (T R)
w 100

and substituting values for American elm, the calculated width of the
crack is:

3.1416 x 33 C w	(7.6 - 3.4) = 4.35 inches.100

The difference between 4.35 and 3.19, or 1.16 inches, can be accounted
for by a set in expansion around the circumference or a deviation of the
shrinkage of the section from the mean of the species.

The difficulty caused by cracking that is ' encountered in seasoning a
round item is influenced by the magnitude of the difference between the
tangential and radial shrinkage. Table 1 gives the values of the radial
and tangential shrinkages of a number of species from the green condi-
tion to a moisture content of 6 percent, of the difference in shrinkage
between them, and of the width of the crack in a 10-inch section that
would be caused by the difference between the circumferential shrinkage
and the diametral shrinkage.

The table lists the species in the order of the crack value, from ever-
green magnolia with a value of 0.31 inch, to American beech with a value
of 1.48 inches. The values serve as indices in determining the diffi-
culty of seasoning round items of the various species. The table con-
tains 37 hardwood and 28 softwood species. The 10 species at the head
of the list contain 18 percent of the softwoods and 14 percent of the
hardwoods, while the 10 species at the bottom of the list are all hard-
woods. In general, it should be easier to season round items of soft-
woods than of hardwoods without developing a crack.
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For a given round item of a certain species, there are several factors
that influence the difficulty of seasoning without the development of a
crack. The difficulty increases with increase in diameter, or in length
along the grain. Where transverse sections of tree trunks are concerned,
thin sections are easier to season without cracking, but they are diffi-
cult to keep flat. Thin sections tend to become concave on one side and
convex on the other like a dish or bowl. This brings about a decrease
in circumference without a corresponding decrease in diameter, thus re-
lieving some of the tension caused by the greater shrinkage at the peri-
phery. The presence of bark helps in preventing cracking because it re-
duces the tendency to check on the outer curved surfaces, but it greatly
retards drying. Knots or other defects, by breaking the continuity of
the wood, contribute to the formation of checks and cracks.

In seasoning round items, the main problem is to overcome the natural
tendency to form the V-shaped crack or cracks. To accomplish this, it
is necessary to bring about a condition whereby the tangential and radi-
al shrinkages are equal, either by decreasing the tangential shrinkage
or by increasing the radial shrinkage. The plastic properties of wood
make it possible to stretch the sapwood or outer parts and to set them
in an expanded condition, to compress the central portion, or to do both
to some extent. If one of these conditions can be attained, then the
decrease in diameter with loss of moisture can be brought about without
cracking.

Although the phenomenon that causes cracking is independent of that which
causes end and surface checking, checking and cracking are interrelated.
If checks originate in the ends or on the , curved surfaces of a round
item, they are likely to develop into a crack or cracks. In order to
bring about the set or deformation of the wood that is necessary to avoid
cracking, checking failures must not be permitted to originate. Checking
is caused by the reduction of the surface moisture content to a relative-
ly low amount much in advance of that of the rest of the piece. The sur-
face then becomes stressed to the point where failures occur. If the
stresses can be held below the point of failure, then the wood of the
surfaces becomes stretched and set in an expanded condition. Maintaining
the surfaces at a relatively high moisture content during drying is the
only practical way of obtaining a set in an expanded condition rather
than checking. The drying from a surface covered by bark will be re-
tarded, and consequently the moisture content of the wood underlying the
bark will be maintained at a relatively high amount. Bare wood surfaces,
both end and curved, need some treatment to maintain them at a relatively
high moisture content. Coating the surfaces with a moisture-resistant
coating, or impregnating them with a hygroscopic chemical, are methods of
preventing rapid surface drying. Some chemicals not only keep the wood
relatively moist, but have the added advantage of providing some anti-
shrink effect.
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Since the large dimensions, the presence of bark, and the application of
surface coatings tend to promote slow drying, the sapwood of the items
is subject to staining. Damage is most rapid in material cut between
June and October, when fungi are most active and insects that carry stain
spores to the wood are also active. Material cut in cold weather is not
immediately subject to fungus attack. Damage from stain can be reduced
by the application of an antistain chemical,./ . or a water-repellent pre-
servative. A thorough spraying or swabbing of all surfaces in the case
of large items, or a soaking process for smaller items, will afford pro-
tection.

Bark loosens and falls off because insects or fungi work in the outer
layer of wood or because the wood shrinks away from the bark. Bark
shrinks less circumferentially than the wood. Spraying or swabbing with
benzene hexachloride dissolved in No. 2 fuel oil, plus 2 percent of pen-
tachlorophenol, protects green items from attack by insects and stain or-
ganisms. Antistain chemicals, such as sodium pentachlorophenate or tet-
rachlorophenate, or mercuric compounds, also protect against decay fungi.
Any chemical, to be effective, should be applied soon after the material
is cut. In warm weather the treatment should be given within 24 hours,
but in cool weather the margin of safety is considerably greater. In
severe cold, insects and fungi are inactive. If attack by insects and
fungi can be prevented until the wood beneath the bark has become rela-
tively dry, the chances of retaining the bark are much better. Even-
tually, however, the bark may become loose, so that it may be necessary
to use nails or wooden pegs to prevent it from falling off. In some in-
stances it is recommended that the bark be removed in large sections and
be replaced by nailing or pegging after the wood has become dry.

Drying and Protection of Different Items 

Large Logs 

It is sometimes desired to preserve large logs so that they may be ex-
hibited for their historical interest. The prime object is to maintain
the good appearance of the log. The log does not require seasoning for
purposes of utility, but it will naturally continue to lose moisture
when mounted and exhibited. The things to be avoided are severe cracking,

?Control of Stain, Mold, and Decay in Green Lumber and Other Wood
Products. A. F. Verrall and T. C. Scheffer. No. 58, Forest Products
Research Society. 1949 Reprint.

Lumber Shipped Green Can be Protected Against Decay. Forest Pathology
Special Release No. 26.
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stain, decay, insect attack, and loss of bark. It is also desirable to
retain the natural color as closely as possible.

Soon after the log is cut, it should be given a treatment for protection
against insect and fungus attack. If possible, the log should be cut
during cold or cool weather because insects and fungi are less active at
low temperatures. The log should be treated on all surfaces by spraying
or swabbing it with a combination insecticide and fungicide. A 2 to
2-1/2 percent solution of pentachlorophenol and about 0.5 percent of4

the

gamma isomer of benzene hexachloride has been found to be effective.–
Pentachlorophenol and benzene hexachloride are sold in several concen-
trations that are marked on the container. To make a solution of a de-
sired concentration, first mix pentachlorophenol and No. 2 fuel oil in
the following proportions:

Pentachlorophenoi2	 No. 2 fuel oil 

Type Gallons Gallons

5 percent solution 25 25

1-to-5 concentrate 4 46

1-to-10 concentrate 2 1[8

Then add benzene hexachloride to 50 gallons of the mixture of penta-
chlorophenol and No. 2 fuel oil in the amount of 17 pounds of'10 percent,

14 pounds of 12 percent, or 4-2/3 pounds of 36 percent gamma isomer con-

centration.

A thorough application of the above solution should afford protection
against insects and against fungi causing stain and decay until the outer
parts of the log have dried to some extent. Dry wood is less attractive
to insects, and wood below a moisture content of 20 percent will not sup-
port staining organisms. The solution will also afford protection against
infection by decay fungi, but certain types of fungi, if present within
the log, will continue to grow. Although the solution may cause the col-
or of the wood at the ends of the log to become darker, the extent of
darkening should not be objectionable.

4-
Prevention of Deterioration in Stored Southern Heartwood Logs. Southern

Forest Experiment Station. May 1949.
55
These preparations are commercially available.
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Shortly after the insecticide and fungicide are applied, a moisture--
resistant coating should be put on the ends and other areas of exposed
wood where the bark may have been lost. Since appearance is important,
the coating should be transparent and nearly colorless. Several coats
of an exterior varnish, such as a spar varnish, should be satisfactory,
The coating will retard drying from the areas of exposed wood and will
thus maintain the surfaces at a higher moisture content than if they
were unprotected. The higher moisture content reduces end and surface
checking, and also retards the development of V-shaped cracks.

When the log becomes relatively dry, it will probably contain one or
more V-shaped cracks. This is the natural result of the difference be-
tween tangential and radial shrinkage. It is possible to exert some
control over the. formation of the V-shaped crack, and possibly to pre-
vent it. By making a saw cut from the circumference to the center for
the full length of the log, the V-shaped crack may be restricted to the
opening up of the saw cut. If this cut is at the bottom or rear of the
log and the ends are patched, it will not mar the appearance of the log
as an exhibit. Hollowing out the log, after first cutting off one end,
will accelerate the seasoning and tend to reduce the severity of the V-
shaped cracks. The two end parts should be coated with a moisture-
resistant coating on the inside as well as on the outside, to help pre-
vent end checks that, if allowed to develop, might grow into V-shaped
cracks. After drying, the end that was cut off can be replaced.

Since attack by insects and fungi is one cause of bark loosening, the
protection from these wood enemies afforded by the preservative will
help retain it. In time, however, the bark will tend to loosen because
the. natural bond between wood and bark is weak and because the wood
tends to shrink away from the bark. Nails or wooden pegs may be needed
to retain loose patches of bark. It is sometimes recommended that the
bark be removed in large pieces and replaced after the outer parts of
the peeled log dry. 	 In the long run, this method might be the best,
provided the bark can be easily removed in large unbroken sections.

If the log is mounted outdoors, it should be placed on supports so that
it will clear the ground, and it should be protected from precipitation
and direct sunshine.

Half Logs 

Sometimes half logs are used for exhibit or educational purposes. By
sawing the log in half lengthwise, the seasoning difficulties are less-
ened. Hollowing out the backside will facilitate drying and reduce fur-
ther the log's tendency to crack. Before seasoning, the end-grain sur-
faces should be covered with a moisture-resistant coating. Paraffin,•	
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gloss oil, filled hardened gloss oil, or one of the numerous coatings
made or sold by manufacturers and dealers of paint and varnish can be
used. Dry-kiln companies also sell end-coating materials. Whatever
coating is used, it should be applied liberally so that a thick layer
results. It is intended that the end coating be removed when the piece
is prepared for exhibit. After the end coating has been applied, the
pieces should be piled for air drying, either in an unheated shed or
outdoors. The pile should be supported 1 foot to 18 inches from the
shed floor or ground. The pieces should be separated from each other
in the vertical direction by strips or stickers, and by spaces between
them in the horizontal direction. An outdoor pile should be protected
against sunshine and precipitation by some such means as a double-layer
board roof. If the pieces are hollowed out, they should be permitted
to air dry at least through one good drying season, from spring to fall.
Since they are generally installed within heated buildings, the air-
drying process should be followed by several months within a heated room
before preparing the pieces in final form. Protection against insects
and fungi during air drying can be obtained by the treatment discussed
previously. Retention of bark has also been discussed.

Logs for Cabins 

Checks and cracks in the logs of a cabin wall are not particularly ob-
jectionable from the standpoint of appearance, since they are in harmony
with the general effect. From the standpoint of useful life of the
structure, however, it is preferable to hold the checking and cracking
of the logs to a minimum. It is probable•that the only practical way to
reduce checking and cracking is to subject the logs to a slow air-drying
process before building the cabin. The ends should be covered with a
moisture-resistant coating to reduce end checking and splitting. The
logs should then be piled for air drying by supporting the pile about 18
inches from the ground, separating the horizontal courses of logs by
strips or by the logs themselves, leaving spaces between the logs in the
horizontal courses, and affording protection against sunshine and pre-
cipitation. Peeled logs will dry more rapidly then unpeeled logs. Logs
that develop checks during seasoning may be placed in such a position
that the checks will be concealed or will be located where they, are least
objectionable.

If it is desired to maintain the bark intact, it will be necessary to
treat the material with a combined insecticide and fungicide such as has
already been described under "Large Logs." Later, it will probably be
necessary to fasten loose patches of bark by nails or wooden pegs.

•
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The life of the cabin will depend largely on the care used in construe-
tion.g The logs should not rest on the ground, but should be kept a
foot or more above its surface on stone or concrete foundations. Brick
piers or posts of highly resistant wood may also be used to advantage
except where termites abound. The crawl space should be well venti-
lated, and provision should be made to drain water away from the build-
ing. Wide, overhanging eaves will protect the logs of the walls'from
sunshine and precipitation and will tend to keep the ground close to the
cabin in a drier state.

Material for Rustic Furniture 

Round pieces for the manufacture of rustic furniture should be thorough-
ly air dried before fabrication. The material should be open piled in a
shed or outdoors. The pile should be opened up either by the use of
stickers or some of the stock itself. As a precaution against end check-
ing and splitting the ends should be coated with a moisture-resistant
coating. The presence of the bark and the end coating will retard dry-
ing; consequently, it will probably require two periods of the favorable
drying season, each including spring, summer, and early fall, before the
stock is thoroughly air dry.

The retention of the bark on stock to be used for rustic furniture is
highly important. The intended use of the material probably makes the
use of fungicides and insecticides impractical. Hickory, which is wide-
ly used to make rustic furniture, appears to retain its bark better:than
most other 'species. Where the bark becomes loose, it will have to be
secured by small nails or pegs.

Transverse Sections

The chances of drying wood without. the development of checks and cracks
are better with relatively, thin sections of logs, tree trunks, or
branches than with logs or round sticks. Since there is less bulk of
material lying between the end-grain faces than in the other items, it
is possible to treat the end-grain surfaces and have the effect felt
throughout the whole section. If the required amount of deformation can
be brought about on the end-grain surfaces without developing checks,
then the chances of drying the whole section without cracking are good.

Making Log Cabins Endure. Forest Products Laboratory Report No. R982.
Revised November 1950.

Rep crt No. 1187	 -9-

•



The character of the drying process has an effect on the amount of check-
ing and cracking that develops. Rapid drying is likely to cause checks
on the ends and the edges, or outer curved surfaces, that will contribute
to the formation of V-shaped cracks. Where the bark is intact, the sur-
face underlying it is not likely to develop checks due to rapid drying.
Slow, careful drying is recommended to reduce the amount of end and edge
checking. Slow drying also allows the wood more, opportunity to assume
the required deformation, generally a circumferential set in expansion.

Slow drying can be accomplished under controlled drying conditions. Where
apparatus, such as a dry kiln or drying room, for the control of tempera.
ture and relative humidity is unavailable, drying can be retarded by the
application of moisture-resistant coatings. The coating allows the mois-,
ture to pass slowly through, but it maintains the surface of the wood in
a relatively moist condition. The coating should be applied to both end-
grain faces and also to edge surfaces where the bark is missing. The
coating should not discolor the wood nor possess other objectionable
characteristics. Paraffin, spar varnish, or unfilled hardened gloss oil
should be satisfactory. To be effective, the coating should be thick;
therefore, two coats of varnish or gloss oil should be applied. The coat-
ings can be removed when the seasoning is completed.

Since the sapwood of the sections will remain moist for a considerable
time, protection from sap stain is advisable. The freshly cut sections
should be dipped, sprayed, or swabbed with an antistain preparation or a
water-repellent preservative solution. The treatment should be given be-
fore the moisture-resistant coating is applied.

After the coatings are applied, the sections should be piled in an un-
heated shed or outdoors if a dry kiln or a controlled drying room is not
available. Strips or stickers should be used to permit air to circulate
freely around the sections. Outdoors or in a shed, the pile should be
about 1 foot above the ground or floor. Outdoor piles require good roofs
for protection from precipitation and sunshine. When the sections become
thoroughly air seasoned, they should be piled within a kiln or heated
room if additional drying is desired.

Such treatment and seasoning should allow the drying of transverse sec-
tions with relatively small differences in radial and tangential shrink-
age (table 1) without disastrous checking and cracking, Provided the
sections are not too large or thick.

A 3-inch section of American elm cut from a tree 33 inches in diameter
was successfully dried (fig. 4). The drying schedule was: 9 days at
80° F. and 90 percent relative humidity, 50 days at 80° F. and 80 percent
relative humidity, and then 80° F. and 30 percent relative humidity until

•
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dry. The section contains one small check. The heart checks and ring
shakes that were present in the green sections, shown in figure 5, are
tightly closed, indicating that the central part of the section was com-
pressed during drying. The outer part was stretched and the combination
of compression and stretching deformed the wood so that the expected
crack did not develop.

Sections cut from species with relatively large differences in tangen-
tial and radial shrinkage will probably require treatment with chemicals
that cause the wood to become more hygroscopic and that also have an an-
tishrink effect. The chemicals are applied by soaking the green section
in an aqueous solution, or by brushing or swabbing the solution on the
end-grain faces. When chemicals are applied by brush or swab, several
applications are necessary.

The relative positions of the sapwood and heartwood in a transverse tree
section are advantageous from the standpoint of chemical treatment. The
sapwood absorbs the chemical more rapidly than the heartwood and there-
fore, unless the treatment is unduly extended, will contain more chemi-
cal than the heartwood. The resultant greater hygroscopic and antishrink
effects of the chemical on the sapwood retard and reduce its tangential
shrinkage to a point where it is more , nearly equal to its radial shrink-
age. Excessive absorption of chemical by the sapwood, however, will
cause a greater reduction in tangential shrinkage than is wanted, and
thus cause heart checks near the pith (fig. 6).

The Forest Products Laboratory has utilized chemicals in the seasoning
of transverse tree sections. Common salt, several types of sugars, urea
formaldehyde and phenol formaldehyde resinoids, urea and sugar, and urea
and calcium chloride have been used. Common salt was used successfully
in seasoning a transverse section of a birch tree 1 inch thick along the
grain and about 2 feet in diameter (fig. 7). Birch, however, stands
relatively high in table 1, so transverse sections of this wood should
not prove difficult to season. Sections of American elm, white ash, and
shagbark hickory about 5 inches in diameter and 1 inch thick were soaked
in a common-salt solution and air dried without developing end checks or
cracks. Similar untreated sections developed end checks and some cracks
during air drying.

A section of American elm was dipped in antistain solution for 5 hours,
and then brushed with a starch-thickened solution of common salt twice
daily for 9 days. It was then dried at 80° F. and 90, 80, 65, and 30
percent relative humidity. Figure 8 shows that the section was free
from checks or cracks in the final dry condition. Another section from
the same tree was treated with antistain solutions and soaked in a sat-
urated solution of common salt for 14 days. The section was kiln dried

S
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to a moisture content of 7 percent at a constant temperature of 130° F.
and relative-humidity schedule: 24 days at 75 percent, 21 days at 60
percent, 14 days at 52 percent, and 7 days at 45 percent. The dry sec-
tion was free from checks or cracks (fig. 9).

Sections of the same three species were also treated with a buffered
urea aldehyde solution.1 One set of specimens was soaked in the solu-
tion for 1 day at room temperature. The solution was brush coated on
the end-grain faces of another set at the start of drying, on the second
day, and on the third day. The treated sections were air dried without
developing cracks or end checks.

Results of the experiments indicate that repeated brushing may be sulpe-

rior to soaking. In a number of sections with thick sapwood rings,
heart checks developed while the sections were soaking in the chemical
solution because the sapwood ring absorbed the solution and swelled more
rapidly. These results indicate that if the sapwood ring is compara-
tively thick, the brushing treatment is preferable to the soaking pro-
cess, particularly if the green moisture content of the heartwood is com-
paratively low.

A section of an eastern white pine log 3-1/2 feet in diameter and 1 foot
thick was seasoned (fig. 6) by impregnating it with cane sugar. Impreg-
nation Baas done by the hot-and-cold bath method in 21 days. The section
was then dried at a temperature of 80° F. and at relative humidities of
75 to 30 percent. When dry, the section contained minor end checks and
one large heart check, but no V-shaped crack.

Sections of loblolly pine and paper birch 7 to 8 inches in diameter and
1 and 2 inches thick were treated by brushing a phenol formaldehyde and
a urea formaldehyde resinoid on their end-grain surfaces and heating
them to polymerize the resinoids. The sections were then air seasoned
along with untreated sections. No large V-shaped cracks developed in
any of the sections. Fewer end and heart checks developed, however, in
the chemically treated sections than in the untreated ones (figs. 10,
11, and 12). A section of an eastern white pine log 46 inches in diam-
eter and 3 inches thick was seasoned without developing serious end
checks, heart checks, or V-shaped cracks (fig. 13). This section was
soaked for 4 days in a 40 percent solution of invert sugar and was dried
in humidity-controlled rooms.

'Parts by weight: water, 23.5; borax, 4.0; urea, 38.0; and formalin
solution, 34.5.
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Table 1.--Radial and tangential shrinkage, difference between 

tangential and radial, and calculated crack in a 

10-inch transverse tree section in drying from the 

green condition to a moisture content of 6 percent

Species

	

	 : Shrinkage from green to 6 :Tangential: Width
percent moisture content : minus : of
	 : radial : crack

Radial	 : Tangential : shrinkage:

Percent	 :	 Percent	 : Percent : Inches
:	 :	 •. :

Magnolia, evergreen	 :	 4.0	 :	 5.0	 1.0	 0.31
Redcedar, eastern	 :	 2.5	 :	 3.8	 1.3	 :	 .41
Redwood	 :	 2.1	 :	 3.5	 :	 '1.4	 .44
Walnut, black	 3.9	 :	 5.3	 :	 1.4	 .44
Birchi	 :	 5.2	 :	 6.7	 :	 1.5 	 h.,7
Pine, lodgepole	 :	 3.4	 :	 5.0	 :	 1.6	 :	 .50
Birch, paper	 :	 4.7	 :	 6.4	 1.7	 :	 .53
Honeylocust	 3.2	 :	 5.0	 :	 1.8	 .57
White-cedar, Port Orford : 	 3.7	 :	 5.5	 1.8	 •.	 •57
Pine, longleaf	 :	 4.1	 :	 6.0	 1.9	 .60
Pine, ponderosa	 :	 3.1	 :	 5.0	 1.9	 .60
Sycamore, American	 :	 3.8	 :	 5.7	 :	 1.9	 :	 .60
Locust, black	 :	 3.5	 :	 5.5	 :	 2.0	 :	 .63
Basswood, American	 :	 5.0	 7.0	 2.0	 :	 .63
Baldcypress	 :	 3.0	 :	 5.0	 2.0	 :	 .63
Pine, loblolly	 :	 3.6	 :	 5.6	 :	 2.0	 :	 .63
White-cedar, Atlantic	 :	 2.2	 :	 4.2	 2.0	 :	 .63
Pine, red	 3.7	 5.8	 2.1	 :	 .66
Redcedar, western	 :	 1.9	 4.0	 2.1	 :	 .66
White-cedar, northern	 :	 1.7	 •. 3.8	 2.1	 :	 .66
Butternut	 2.5	 :	 4.6	 :	 2.1	 :	 .66
Douglas -fir,	 •• :

Rocky Mt. region	 :	 2.9	 5.0	 2.1 :	 .66
Pine, sugar	 2.3	 :	 4.5	 2.2	 :	 .69
Douglas-fir, coast region:	 4.0	 6.2	 2.2	 :	 .69
Alder, red	 :	 3.3	 5.5	 2.2	 :	 .69
Ash, black	 4.0	 6.2	 2.2	 :	 .69
Ash, commercial white	 3.7	 6.0	 2.3 :	 .72
Quaking aspen	 2.6	 5.0	 2.4	 :	 .75
Yellow-poplar	 3.2	 5.7	 2.5	 :	 .79
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Table 1.--Radial and tangential shrinkage, difference between tan-
gential and radial, and calculated crack in a 10-inch

transverse tree section in drying from the green con-

dition to a moisture  content of 6 percent (continued)

:	 .	 .
Species	 : Shrinkage from green to 6 :Tangential: Width

	

: percent moisture content : minus	 : of
	  radial : crack

Radial	 : Tangential : shrinkage:
:	 :	 •	 :

Percent	 Percent	 : Percent : Inches 
:	 •

Cherry, black	 :	 2.8	 :	 5.3	 2.5	 : 0.79
Black tupelo	 :	 3.3	 :	 5.8	 2.5	 :	 .79
Tupelo, white	 :	 3.2	 5.7	 2.5	 :	 .79
Pine, western white	 :	 3.3	 5.9	 2.6	 :	 .82
Spruce, Sitka	 :	 3.11 	 6.0	 2.6	 :	 .82
Yellow-cedar, Alaska	 :	 2.2	 :	 4.8	 2.6	 :	 .82
Pine, shortleaf	 :	 3.5	 :	 6.2	 2.7	 :	 .85
Hemlock, western	 :	 3.2	 5.9	 2.7	 :	 .85
Cucumbertree	 :	 3.9	 6.6	 2.7	 :	 .85
Maple, bigleaf	 :	 3.0	 :	 5.7	 2.7	 :	 .85
Chestnut, American	 :	 2.7	 :	 5.4	 2.7	 .85
Elm, rock	 :	 3.8	 :	 6.5	 2.7	 ,	 .85
Spruce, eastern?.	 :	 3.11	 : '	 6.2	 2.8	 .88
Douglas-fir, inland	 :	 :	 :

Empire region	 :	 3.3	 :	 6.1	 :	 2.8	 ,	 .88
Tamarack	 :	 3.0	 5.9	 •,	 2.9	 :	 .91
Fir, balsam	 :	 2.1	 5.0	 2.9	 :	 .91
Fir, commercial whited : 	 2.4	 :	 5.3	 :	 2.9	 :	 .91
Hemlock, eastern	 :	 2.2	 :	 5.1	 :	 2.9	 :	 .91
Pine, eastern white	 :	 1.8	 :	 4.8	 3.0	 :	 .94
Hickory, pecatl	 :	 3.7	 :	 6.7	 :	 3.0	 :	 .94
Oak, white•	 :	 4.3	 :	 7.4	 :	 3.1	 ..	 .97
Hackberry	 3.6	 :	 6.7	 :	 3.1	 :	 .97
Hickory, true§.. 	 5.5	 :	 8.6	 3.1	 .97
Larch, western	 3.4	 :	 6.5	 :	 3.1	 .97
Ash, Oregon	 3.3	 :	 6.5	 3.2	 : 1.01
Elm, slippery	 3.9	 7.1	 :	 3.2	 : 1.01
Maple, red	 3.2	 6.6	 :	 3.4	 : 1.07
Maple, silver	 :	 2.4	 5.8	 :	 3.4	 : 1.07
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1
-Average of sweet birch and yellow birch.

-Average of black spruce, red spruce, and white spruce.

Average of grand fir and white fir.
4
Average of bitternut hickory, nutmeg hickory, water hickory, and pecan.

'Average of bur oak, chestnut oak, post oak, swamp chestnut oak, swamp
white oak, and white oak.

67
Average of shellbark hickory, mockernut hickory, pignut hickory, and

shagbark hickory.

Average of black oak, laurel oak, pin oak, red oak, scarlet oak, south-
ern red oak, swamp red oak, water oak, and willow oak.

Table 1.--Radial and tan .ential shrinkage, difference between tan-
gential and radial, and calculated crack in a 10-inch

transverse tree section in drying from the green con-
dition to a moisture  content of 6 percent (continued) 

Species	 : Shrinkage from green to 6 :Tangential: Width

	

: percent moisture content : minus 	 : of
	 : radial : crack

Radial	 : Tangential : shrinkage:

Percent	 :	 Percent	 : Percent : Inches 
• •. .

Maple, black	 3.8	 7.4	 :	 3.6	 : 1.13
Cottonwood, black	 2.7	 6.4	 :	 3.7	 : 1.16
Maple, sugar	 3.9	 7.6	 :	 3.7	 : 1.16
Sweetgum	 4.2	 7.9	 3.7	 : 1.16
Oak, red..	 3.4	 7.2	 :	 3.8	 : 1.19
Cottonwood, eastern	 2.9	 6.9	 :	 4.0	 : 1.26
Elm, American	 3.4	 7.6	 •. 4.2	 : 1.32
Beech, American	 4.1	 8.8	 4.7	 : 1.48

•
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Figure 1.--Diagram showing the distortion of shape caused by the difference
between tangential and radial shrinkage during the drying of half logs.
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Figure 2.--Diagram showing how an average green 10-inch section
of American beech shrinks. The original 10-inch diameter
shrinks to 9.59 inches, the circumference corresponding to
which is 30.13 inches. The actual tangential or circumferen-
tial shrinkAge reduces the circumference to 28.65 inches, or
1.48 inches less than is required for a diameter of 9.59
inches. The result is a V-shaped crack that is 1.48 inches
wide at the edge of the section.
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Figure 3.--A crack that developed in a section of American elm during
drying. When the section was green, a saw cut was made from the cir-
cumference to the center.
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Figure 4.--Transverse section of American elm, dried successfully by a
slow controlled process.
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Figure 5.--Fresh green section of a 33-inch American elm.
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Figure 6.--A 2-1/2-foot section of eastern white pine, 1 foot thick,
impregnated with cane-sugar solution and seasoned with resultant
small end checks and one large heart check, but with no V-shaped
crack. It is probable that the heart check was caused by too
great absorption of sugar in the sapwood.
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Figure 7.--A 2-foot section of a yellow birch log treated with
common salt and seasoned without serious checking or cracking.

Z M 63745 F •

•



•

• frr5/53 r

Figure 8.--Section of American elm that was treated with common salt
and dried by a slow controlled process.
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Figure 9.--A section of American elm soaked in a saturated solution of
common salt and kiln dried.
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