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INTRODUCTION
PURPOSE OF THE BULLETIN

The fullest utilization of our forest erop requires that the wood
harvested from forests and wood lots be brought to a condition hest
suited to its ultimate use. One of the essential steps in securing
maximum utilization is to season the stock to the proper moisture

tThe author wishes to nekuowiedge Gils ludebledness te oliwer members and furmm'
wetthbers of Lhe Porest Serviee, parvtiealarly the suthors of Department Buliotin No.o 142
e Alr Seasonlng of \\th'r: Soltwend Lwmaher, 3. V. Falluway, jr., fotmerly in t,imu,e
af the olllce of forest produocts, \Itsanulu Mont., "Herman A, Jo mson, ussistant o forest
raducts, DPortlawl, Oeeg, ang C L. 1L forester, Colifornin Forest Kxperhuent Station.
Merther, m:kuowie(lgmnm:t Is niso mude l:o pinercl  oaber compainbes gnd assoclatlons,
wlhioge effective cooperation was cssential to (he comduet of the lavestigntions upon which
thia bubletin la buased.

2 Maintnlned nt Madlson, Wis., lua cooperntion with the Unlversity of Wisconsin.
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content, at the sume time keeping waste and degrade to a minimum.
Although the inherent propertics of the wood of a tree are deter-
mined initially by the species and growth conditions of the tree
itself, they can be modified by proper metheds of seasoning. It is
evident, therefore, that scasoning is one of the important factors
in the conservation of our forest resonrces. Realizing this fact, the
Forest Products Laboratory has been studying the entire problem
of seasoning for a number of years. The vesults of the investiga-
tions concerned with air seasoning are embodied in this bulletin.

The purpose of this bulletin is threefold: To present the general
principles involved in the drying of wood, to show their application
to air sensoning, and to offer suggestions for better air-seasoningr
practice. Better practice will reduce seasoning losses. decrease the
drain on our foresls, and give to the consumer matevial that js better
sutted to his needs.

A large number of studies of seasoning have been made by the
Forest Service in various parts of the TTnited States® These studies
have shown that the fundamental principles of air seasoning and of
kiln drying are the same. Consequently the results derived from
kiln-drying investigntions nften help to solve probiems that avise in
air seasoning and conveizly, although adequate recognition of any
important differences in conditions is always necessary. This bul-
letin assembles the pertinent results of the Forest Service air-season-
ing studies; it includes especially the quantitative results of the field
studies of air seasoning made in the West on sugar pine, western
vellow pine, redwood, western white pine, and Douglas fir.

Complete data pertaiving to the volume of wood products air
seasoned in the United States are not availnble; however. more than
half of such products are air seasoned for a time, even though some
of them may subsequently be kiln dried. Hence the importance of
improvement in air-seasoning practice is obyious,

PURPOSE OF SEASONING

Breadly, the principal abject in seasoning wood is to improve
its suitability for the purpose for which it is to be employed. al-
though in some instances the reduction in transportation costs may
be of paramount importance.

AIR SEASONING

Among the results accomplished by employing proper methods
of air seasoning of wood are the following :

A reduction in weight, with a resulting reduction in shipping costs.

A reduction {n the shrinkage, checking, honeycombing, and warping ocourring
in serviee,

3 The results ol the general studies of kiln drying have been published in 1. §. Dept.
Agr. Bul. 1186 (5) (itallec numbers In nareatheses refor to Literl-;lhll'e Clted, p. 56), and
the results of seme spoclgl kiln-arying studies o Tecinlenl Bul. 165, U, &, Dept. Agr. (4],
Similnrly the rosults of studies of air seasoning made in the prineipai lumbering regions
of the Weer have Ween renorted in U, S, Dept. Agr. Bul, 1425 (). The oational come
mittee on woogd ::rili'}.nt!qn of _the T 8 Tlepartment of Cogunerce his prepared fouc
veports entirled h‘o:l‘iunlug, Handlmg. and Care of Lumber,"” which are deslgonted,

EE{T?{%‘E}“&EJ}’ *s’j% r:'onsumers, the distribntors', the fabricators', and the manufacturers:



http:modifi.ed

AlR SEARODNING OF W0OO0D 3

A deerease In the fendency for blue stain nnd for other forms of mold to
develop.
A reduetion in Hability to some forms of insect nttnck.
An nerease in strength.
An fmprovement in the ability of the stoek to he painted or to be improg-
nated with n preservative,
KILN DRYING

Among the advantages over air seusoning that may result from
kitn drying are the following:

A reduetion in welzhi, and comserquently in shipping charges, even greater than
the redueiions common for air-scasoned stock,

A reduction i maoisture content tn any lesived value, whiell in many in-
stanees may he tower than that ebtaisahe through air ROASON .

A rednction In deving time below thie renutired Inoalr seasoninug,

Ihe kitiing of uny staln or deewy fung or inseets that may beoin the wond,

THE SOLUTION OF INDIVIDUAL AIR-SEASONING PROBLEMS

No single general rule is applicable {0 all seasoning problems; each
individual probleny requires its own special mocdifications of the Zen-
ernl riles i} satisfactory seasoning at minimum cost is to be attained.
The following five distinct objectives must e borne constantly in
mind in selecting the seasoning procedure to be followed in each in-
stance: (1) Minimum depreciation of stock, (2) rapid rate of drying,
(3) low and uniform moisture content, (+) econonmy in operating
cost, nml (5) low invhstment cost. Maximom attainment of any
one of these objectives may often preclide full realization of the
others. '

Other complications of the seasoning problem should also be
recognized.  The various speeies of wood and the grades and sizes
of stock requive individual considerntion.  Beeause of climatic aned
other differences, the solntion for one seasoning yard will not al-
ways hold Tor another. Seasonal weather variation must likewise be
met individually by eaeh sard.

It has therefore beceme abvious that the solution of the air-sea-
soning problem ean not be found in any set of fixed rules. Con-
sequently the chief aim of this bulletin is the presentation of rather
genernl prineiples, bused on the detailed knowledge available, which
ean be applied in o manner that will best mect specific conditions
ardd problems.

To permit un orderly presentation of the information avatlable,
the major discussion is preceded by a brief review of the ceneral
principles of dryving wood and by a statement of their application to
the air-semsoning process,

MOISTURE IN W0OOD
COMPOSITION OF SAP

The moisture in wood is commonly called “ sap,™ although the use
of this multigurpnsml term is often misleading.  Sap in wood is

chiefly water, but it also contains small percentagoes of soluble organic

'Ehe Kitn Deyivg Hamdbook 50 presents o il diseussion of (L gruernl subjeet of
kiu deylug and of mntters related thereto,
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ancl minern! matter. In the sapwood such materials are largely
sugars, while in the heartwoorl a considerable propoction of them
may be tannins and coloring matter. Tor all practical purposes in
the drying of wood, however, sap may be considered as water alone.

OCCURRENCE OF MOISTURE

Moisture (sup) in green or wet wood Is held in two ways. Ii is
contained within the cell cuvities, and it is absorbed in the cell walls.
The bulk liquid is called * free” water, while the absorbed may be
termed * imbibed ™ water.

VARIATION IN AMOUNT OF MOISTURE

Some free water is present in both the heartwood and the sap-
wood of most living trees, but the amounts in each differ greatly.
Sapwood usually contains more moisture than heartwood does. Butt
logs ordinarily have a kigher moisture content than top logs. Con-
trary to common opinion, the variation during the year in the amount
of moisture in green wood is slight. Species and place of growth,
Liowever, have an important bearing upon the amount of moisture in
the living tree.

Marked varintion in the moisture content of trees was indicated
by the many moisture-content determinations on green wood made
in conneetion with air-seasoning investigatiops in the western part
of the United States. Differences among species were large. In all
species, the select grades of green lumber contained more moisture
than the common grades because of the greater proportion of sap-
woad in the clearer stock. Variation resulting from place of growth
was well illustrated by the moisture-content valnes of western yel-
low pine stock in California and of that in the Inland Empire” A
usual range of moisture content for this species in the Inland Em-
pire was from 80 per cent in the common grades to 115 per cent in the
select grades, while in California the corresponding values were
from 100 to 185 per cent.  The following species showed moisture-
content values, averaging about as indicated, for common and for
select grrades, respectively: Western white pine, 75 and 8% per cent;
sugar pine, 75 and 190 per cent; white fir, 90 and 200 per cent; red-
wootl, 70 and 200 per cent; coast Douglas fir, 32 and 53 per cent; and
western hemlock, 28 and 120 per cent,

DETERMINATION OF MOISTURE CONTEMNT

The amount of moisture in wood, which is termed the moisture
content, is ordinavily expressed as a percentage of the weight of
oven-dry wood. Thus, if the moisture content of a green board is
71 per cent, there are by weight 71 parts of water to 100 parts of
oven-dry wood. Again, should the moisture content of a board be
cxactly 100 per cent, the weight of the moisture and that of the
oven-dry wood are equal; each is then half the total weight of the
board. If the moisture content is 150 per cent, for example, the

& Northwestern Montana, Idahe morth of the Salmon River, Washlngtou cast of the
Cngeade Mountains, and the northeastern tip of Oregon,
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moisture is three-fifths and the oven-dry wood is two-fifths of the
total weight of the board.

The sverage meisture content of any Iot of lumber may be de-
termined in the tollowing manner:

(1) Heioct represeniative picees, being careful to include typieal amounts of
irotll heartwood nml sapwouod, and fuking abont 1 oul of every 100 pieees in the
of,

{2) Trim from one ond of each piece o length of about 2 feet, makipg the
cut at a place feee from knots, rot, piteh streaks, and other defeets. {The
spefion must be fnr enough (rom the end to eertninly avoid the effects of end
drylng; in addition, however, it is desiruble to plnce the first eunt so that the
second one will leave Lhe remnining niece of Inmber sufticient for some standil
length,)

{3} From the freshiy exposed ends of encl piece cut off a sceflon three-
fourtls to 1 inch long in the direetion of the graln,

{4} Trim ol slivers off the sections,

{3} Weiph the individual scetions immediately and ecurefully on u delicnte
bniance. lach rewding glves the orviginal weipht of 1 section.

(6) IMuice thie seetlong in nn oven heated to 212° B, or, if an oven is not
uvalable, on hol steam pipes, bul de not scoreh them: the muximum variation
in the drying temperature should be not more than B° between limits.

(7) When the seclions have reached n constant welght, & condition that ean
e determined by ropeatoed weighing, remove them from the oven. {After n
littte expoerience the lime required to reach cousiunt weight can be estimated
withh sufficiont. neeuracy aml some rvepented welghings may thus be gveided,
Pwenty-four hours is sbout fhe maximam fime mecessary.) The finnt weight
of n, seellon is its oven-dry welght.

(8) Sabtract each ovewn-dry weight, from {he corvesponding original weizht,
Iaeh differenee, when the work hig beon projerly doae, is the Joas in moisture
of the wection concerned.

{41 Divide the difference just obtuined by the oven-dry weight ang multiply
the resullb by 100 for cuch seetion, Rach #nal result is the peveeutage of mois-
ture contpined in the wood of o section, based on s oven-dvy weight,

(10) Findl the mean value of these individusl pereentages in order to obiain
the avernge moelstare conlent of uil the sections. The result Is considered the
uverage muistnre contenl of the lob of lamber that was sanmpled.

An example of the calenlation for a typical moisture-determination
scetion follows:

Originni weighi=—9284,7 grams,

Ovon-tdry weisht=1502 grams,

SRAT renms—180.2 mrams=i04.5 grams of moisture lost.

{1045 grams +~1802 groans) X100=55 per cenl molsture originnlly in the

wond,

Tor convenience and accuraey ihe gram is preferably used in
moisture determinntion as the unit of weight, but other units, such
as the ounce, may be employed. The scales customary in work on
moisture-determination sections, however, are graduated in grams;
a fraction of a gram is conveniently expressed as a decimal.

APPARATUS FOR MOISTURE DETERMINATION®
BALANCES

For weighing ordinary moisture-determination sections it is advan-
tageous to use balances having a capacity of about 200 grams and
sonsitive to 0.1 gram. Several types are considered satisfactory:
The ordinary analytical balance, the puns of which are suspended
from a beam; the Harvard trip scale, which has the pans supported

¢ Seo footnote 4,
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on top of its main beam and is provided with a scale beam and rider
of 10 grams capacity; the torsion balance in which the beams are
below tho pans; and the triple-beam balance, in which the pan is
suspended from one end of a multiple beam.  Sepurate brass weights
are nsed with the frst three types, although the Hurvard trip scale
has also o small seale beam and rider. Balance is accomplished with
the fourth type by means of a separate rider on each of the three
units of the multiple beam.

For weighing Inrger samples or whole bonrds o platform scale
having & eapacity of 100 pounds or more and sensitive to 0.01 pound
is quite satisfactory. Such n seale, althongh usual in type, is some-
what exceptional in quality, and only the Dbetter manufacturers
make it

OVENS

Both steam and electric ovens nre in common use for drving mois-
{ure-determination sections. A suitable steam oven can be made of
gaivanized sheet iron, well insulated with mineral wool or equivalent
materinl, It should be heated by means of a steam coil piaced in
the lower part, and ventilated by openings near the top and the bot-
tom., Above the steam coil open shelves, usually of wire lattice or
orating, should be provided for the sections. Bteam ovens are gen-
erally home mude. Electrie ovens in which the heating element is
thermostatically controlled may be purchased from various manu-
facturers.”

The moistuve-determination sections, with either type of oven,
should be open piled in order fo permit good circulation of air around
cach picce and thas hasten drying. If some sections are dry and a
large number of very wet sections are then placed in the oven, the
dry sections may absorb moisture.  Care should therefore be taken to
avoid weighing supposedly dry sections under such a condition. It
would be far better to woigh the previously dry sections either be-
fore the greon seclions ure placed in the oven or after the green
secctions have become dry.

MOISTURE AND EUMIDITY

Wood possesses the property of giving off or taking on moisture
£rom the surrounding ahinosphere until the moisture in the wood has
come to & balance with that in the atmosphere. This action is illus-
trated by Figure 1 which, for example, shows that wood, kept 1n an
atmosphere constantly at 70° IF. and 60 per cent relative humidity,
will eventually come to a moisture content of about 11 per cent. The
relative humidity of the surrounding air, therefore, is u very im-
portant factor in the seasoning of wood, and a general understanding
of the relationship between humidity and drying is essential in any
consideration of seasoning problens.

Absolute humidity is the weight of the water vapor contained in
a unit volume of space; it is usually expressed as the number of
grains of moisture per cubic foot {7,000 grains=1 pound avoirdu-
pois}. It does not indicate the drying capacity of the air, however,
since the capucity of air to hold water, as illustrated by Table 1,
varies greatly with temperature.

A Nal of dealevs handiing appavains for molsture content determination will be fur-
ulshied by the Forest Produets Labovatory, Mudisen, Wis., upon reyuest,
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Tasrw 1--Moisture capacity of air at different temperatures al normal afinos-
pheric prossure

Tam- | Welght of
nerm- | steskiro sl
trn | saturatlon
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RELATIVE HUMIDITY

Adr containing the total number of grains of water vapor that it
can hold at its temperature is saturated. The ability of air to dry
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Yigrre 1.—Teintion of the cipailihiclum moisture conteni of wood to (ha relntive
bty of the surtmnndlye abmosphers, op $hreo temperntirea

wood or any other substance varies with the amount of additional
maoisture it ean hold before becoming saturated. The amount of
vapor actually in the air, exprossed as n percentage of the amount it
would hold at saturation, is called its “ relative humidity.” The rel-
afive humidities of two equal amounts of nir at the samne temperature
mdicate their comparative drying abilities. Low humidibies repre-
sent dry nir and high ones moist air,

Referring to Table 1, 1.2 praing of moisture will satarate a cubic
foot of air at 20° F.; the relative humidity of that air is then 100
per cent. It the air and its moisture ave raised to a temperature of
80", however, its relative humidity will decrease from 100 per cent
to 11 per cent, thus:

1.2 erains

e gl [ 11 E :
TL.1 grains 100==11 per cent,
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At 100 per cont relative humidity air can nob dry wood because it
enn hold no more meisture, At 11 per cont relative humidity, on
the othier hand, it may dry wood entirely too rapidly because of the
great capucity for moisture it then has. At 60° the swme air, with
a relative bumidity of zbout 21 per cent, perhaps would still dry
wood more rapidly than is desirable. During the summer the rel-
ative humidities st representative points in the United States usually
are between 40 and 80 per cent, although in very dry inland spots
they may run as low as 20 per cent and on water fronts, especially
on lirge bodies of wuter, they may go well above 90 per cent,

Assuming constant femperature and cireulation, the drying of
a given picce of wood depends entirely upen the hamidity of the at-
moesphere surrounding it.  On the other hand, when a given piecs
of wood is subjected to a given humidity the rate at which it lToses
moisture depends upon its moisture content; the higher its moisture
content the Taster it loses molsture.

Changes in atmospheric humidity range from the usual daily
fluctuations to marked seasonal variations. Thus wood, when ex-
posed to ordinnry atmospherie condilions, is practically always under-
woing ab leust stight changes in moisture content because of its
tendeney to conie to definite balancee with the surrounding air.  This
aetion accounts for the variation in final moeisture content of thor-
oughly air-dry wood at Jdifferent times of the yeaur. The pick-up in
maoisture content of lumber left in o yard over the winter 1s likewise
explained. Figure 1 shows the ultimate moisture content of wood
when the wood s kept under constant temperature and relative
humidity conditions for n sufficient length of time.

APPARATUS FOR RELATIVE-HUMIDITY DETERMINATION®

A very common method of determining relative humidity is by
means of a wet-bulb and dry-bulb hygrometer. This instrument
vonsists of two glass thermometers, the bulb of one of which is
cnveloped in « wick kept moist with distilled water, supplied from
u sniall reservoir attached to the base of the instrument.

If the relative humidity is less than 100 per cent and a brisk air
movement past the wick is taling place (it should be at least 15
feet per second), the veading of the wet-bulb thermometer will be
less than that of the dry-bulb thermowmeter as a result of the cooling
effeet produced by the evaporation of moisture from the wick. The
greater the difference between the two readings, the lower is the
relative hnuidity, other conditions remaining constant, Table 2,
which is based on experimental data, shows the relationship between
dry-bulb temperature, the difference between wet-bulb and dry-bulb
temperatures, and relative humidity.

8 Hee foolboobe 4.
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TaBLE 2—Relative humidily lable for use with wel-bulb and dry-bulb thermomelers

Difference between wet-buth and dry-bulb thermometers, in degrees Fahrenheit
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9. —Relalive humidily table for use with wet-bulb and dry-bulb thermometers—Continued
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Difference between wet-bulb and dry-bulb thermometers, in degrees Fahrenheit
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MOISTURTY AND SHRINKAGE

Shrinkage of wood takes place only in conjunction with a loss of
moisture, and, conversely, swelling of wood 15 a vesult of the ab-
sorption of moisture. Some loss of moisture, however, is not accom-
panied by shrinkage. As wood dries it first gives up only its free
~water, leaving the moisture in the saturated cell walls undisturbed
until the cell cavities have become empty, and wood does not start
to shrink until the cell walls themselves begin to lose moisture,

FIBER-SATURATION POINT

The condition in which the cell cavities are entively empty, with
tho cell walls still saturated throughout, is thus an img)ort:i.nt; point
in drying. It is known ns the * fiber-saturation peint.” The mois-
ture content at which this condition occurs varies from 20 to 35 per
cent, but for most species it is between 25 and 30 per cent.  In actual
practice, of course, the cells near the surface of a picce of wood dry
helow the fiber-saturation point before those in the interior reach if.
Then, even though the avernge moisture content of the whole piece
may be above the fiber-saturation point, the cuter portion tends to
shrink, while the interior does not; in fact, the interior resists the
shrinkage pressure of the outer portion. Such a state is often the
cause of serious drying troubles,

CHARACTERISTIC SHRINKAGE VALUES

The recently revised fignres in Table 3 indicate the volumetric,
radial, and tangential shrinkages of a number of species of com-
mercinl importance. Velumetric shrinkage, as the name shows, is
the reduction in the volume of a picee as 1€ dries below the fber-
saturation point.  Radial shrinkage, for example, 1s the reduction in
width of a quarter-sawed board as it dries. (Fig. 2.) Tangential
shrinkage similarly is the reduction in width of a Hat-sawed board.
The shrinkage values in the table, which are based on the green
dimensions, are expressed as percentages. They represent the aver-
ages of measurements of 1 by 4 by 1 inch specimens in dvying from
the green condition to the oven-dried condition. To approximate the
shrinkage from the green to an air-dry condition of 12 to 15 per cent
moisture content, the tabular percentages should be multiplied by
one-half. Likewise, the shrinkage from the green condition to a
kiln-dried condition of 5 per cent moisture content may be estimated
as about four-fifths of the tabular percentages. TFor example, the
average tangentinl shrinkage of red gum is 9.9 per cent when it is
dried from the green to the oven-dry condition. Thus an avernge
10-inch plain-sawed green board would shrink about 1 inch if oven
dried, about ene-halt inch if dried to 12 or 15 per cent moisture
content, and abovt three-quarters of an inch if dried to approxi-
mately § per eent moisture content.

In using figures like those of Table 3, it should be horne in mind
that shrinkage is an extremely variable property, one that is in-

?Tn enmmen dshge  molsinre ™ means water, often waier having smatl amounts of
minerala or of acids la solution ; this meaning is suflcient for the present purgpose.

Wilhe named of specles of wood in the fnbles following arce the Stundard common anmes
slven In the Cleck List of {he Ferest Treea of the United States (7).,
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Merks 2 —Chavnetorlstle shrhikage and distortlon of fluls, squores, and rouuds as
affocted by the givection of the appeai riogs  Tougentind shicinkage is aboul twice
s great as rndlad

fluenced by the density, the sise, and the shape of the specimen and
alse by the drying conditions te which the specimen is exposed.

MOISTURE CONTENT AND FINAL TSE

Tapis 3.—Average shrinkeges of clear wood of species grown in the United
States, during drying from the green to the oven-dry condilion, expressed in
nercentage of the green dimensions,” and gverage specific-gravity and weight
ruiies

HARDWOODS (BROAD-LEAVED SPECIES)

Shrinkoge {meagnred Weight per
vnieigs) Spe- cuhic foot—

cifle
Rutio |gravity
af when At
Common and batanical naines of spocies of t{-‘"ﬁ"' 0‘}'!“' zhont
waond 'n]- ? bagd 12 per

ol | radial shrink-|  on cent
metric age | valime x?ms-
when UG

eon-
£rean tont

3

Poundz| Pounds
Albder, red £Alnus riebn) 46 25
Apple (Molus pumils vac) .
Ash, Biltinero white (Froxin
Ash, binek (Fraxinus nigra)
Ash, bive (Froxinns quadranmiala) oo .
A?h, ;):ree:: {Fraxinus peunsylvanicr lanceo-
b
Ash, Qregon (Fraxinns oregonn) . -
Ashy, pumpkin {(Fravinus profnnda)
Asty, whito {Iraxinues americana)
Ashes, comnereial white {overage of fony
spegies 1)
Aspan {Popobus tremuteddes) ...

Eadalad =
0 06 1D = 5

5
.43
.55

L ik
.48

Eladal ol bl ad=u

gt = ]
5t

=1
4n

iy LA
Mm@ SOk

=5

2k
-

t Tinelind and tangentied alizinkegs values are nsed on width messureiments of small clear pieees 1 inch
{hick, 4 uehies wide, and | inch aloug tho grain; vehumetrie values are hasedl on picees 2 by 2 fuches in cross
section aued 0 inches long,

t Fraxinos bikmoreaos, F. auadrapguietn, I, pennsylvenica lnuceolsts, amd F. amerivana,
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Panue 3——Llverige shrinkages of clour swond of specics yrown in the United
Nlaics, ele~Conltinued

WARDWOODE (BROATMLEAVED SPECIES)

Bhiriukapge {mepsyred Weight per

valugs) Spe- ctthie foot—

cille

Ratio |gravicy (————e——

1} whan At
11| -

Common and Lotaniea! nnmes of species af tt!iizlillgtu 05;’;' ?E%I:.t

Waor = ony

Volu- Tag- sr!:lr(jlffg_ b*és:d When | cent

muolric pentinl nge | volumo| Ereen [:':31.1‘-:.
when

; con-
grean tent

Pounds| Poumils
LE] Py

-]

ST CA BE RS I G IS L ] e D G

Aspon, Inrgetooth (Paptilns grandidantata) ..

Tnsswood CIMin glaben) . Lo oooos .

Ueach (Fugus grandifatiny_ .7 270

Reeeh, blue (Carpinus cirolinisom) . .

Birch, Alagks while (1leluls neoalisk

1Hreh, gmy (Betaln popolifeling

Tiireh, puper ¢ Betole papyrifern) .

1Hreh, sweol {etuln Iiumu)_.-

ireh, yvellow (Leluln luten)_ _

Haekwoorl (lz\\'i[‘l!lllli!l nlbidnd .. . _

Puekuye, yellow (Aesculus actandzm) .

Latteenut (Juplans eirereny. .. .___

Rultonwnod {Cenoenrpns ereela).

Chsgurn (Rhrmunus pershinnnd .. ..

Catalpa, bordy (Catalpr speeicsn)

Clierry, blnek (Prunns seroline)_ ...

Cherry, plo (Uronus pennsylyanica). .

Chestout (Castanen denlatn) -

t‘hinr&uupi u, golden {Castanopsis ehryso
i)

Coltonwood, blagk { Populps trichoenarey. ..

Coltonwond, enstere { Fapulus deltoidas) .. __

Dopwond {Cornus uoritlas

Liopwond, Pactile (Cornus nutialli).

Eliler, hinelarry (Snobicus coorhlen).

Flm, Anterican (Ulinns americann}.

Elrm, rock (LThmus meemosn)

Lim, slippory (Uflnws fulvad . o

Quan, Mack (N yssn sylvation) ..

Guny, i (Enenlyptos glohindus)

Quuy, red (Lignidambar styraelliva)

Ctum, tupolo {Nyssn arjuntica)

Gurnbe-linbo (Bursora struba) ..

Unckheery (Caliis oceidentalis) -

Iickery, bigteal shaghnrlk (Fleoria Incinjosn)

Hiekery, mockermit (THickeria alba)._. R

Alickory, plenut (Hicoria glahirs) -

Ilickory, shaghark (Hicoria ovainy . .

ekaries, pecuu (average of four Bpecics

1lickories, true (avemge of four spocies 9.,

iickorles, pecan nml Lo (average of vight

sPechs%

Nally (1lex npaea)._
Hap-hernbean: (Ostryn virginiana)_

" lnkwood (Exothena peoienlata) - -

. Tronwomd, Wlack (Krviodendron ferraum)._

Laurel, mountain (KnJmin latiolta). .
Leenst, blevk (Robinin pseudoncacn) .
Lacust, honey (Qledisin irieennthos).
Androfio (Arhutus menziesii. ... ... ...
Magnolin, cucumber (Maygnolin neuminale) .
Mognelin, evergresn (Magnolin grandiflorn) .
Magnolln, mauntain {Mapnalia Irnserl}
Mangrove {1thizophors manghe)
WEapio, bigleal {Aver mincrophyilum)
Muapia, black {Acer igrn)
Maple, red {Aeer rabrosm). -0
Maple, silver (Acer saecharinam)
Manle, striped (Acer pennsyivanicum) . 1531
Mlaple, supnr (Acor saceharum). ... ........b 140

3 1licerin cordiformis, H. myristlenoformis, 11, nquaticn, and H. PESAL,
4 Hiegrin lacinkosn, 1E, alke, 1, globen, and 13, ovala,
§ Bpecles under footnotes 3wt 4 eombinad, \
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Parce 3.—Averege shrinkuges of clear wood of species grewn in the Uniled
States, ele—Continued

HARDWOODE (BROAD-LEAVED SI'ECILS)

Shrinkoge {measured Weaight per
values) 8pe- cubic foot—
i cific
Ratio |grevity
of when At
Commoy nnd botanical names of species of tangen-| oven- about,
tmtll'ul) bdryd 1% per
Yalu- | mon- | mudinl | based | \wyen | “gant
metrle Radial gontinl sb:hﬂ“ o green | mois-
ge | volume) e
wlen eon.
green tent
Per Fer Per
cent cent eenl Pounidsl Poumds
Mustie (Shiaroxylon foetidissimnm) _. ... 1.7 61 7.5 123 0. 8% D a5
Myrile, tiregon (Cmbeliviarin cufiforofen) | 1.9 2.8 8.1 280 LB 5 K
Ok, hiack (Quereus velutio _. 14,2 4.3 8,7 Z 1o .3l [1%] 43
Oak, bur {Quercus mmerooarna)._ .. [ N g 4.4 £.8 200 .58 62 45
Onk, Colifurnin block {Quercies kellogeii) ..} 121 3.6 06 1.83 .5l G4 40
Onk, cpttyon live (Guroreus chrysolepis) ..o 10. 2 5.4 9.5 1.76 .70 7l L4
Oak, chesunut {Quercus moniana). BTN 55 0.5 178 En 4l 48
Ork, luurel (Quoreus lanrifolin - .| 19.0 4.0 gu 2,48 L5 65 44
Onk, live [Quereus virginianod ... I T W B .5 144 .Bl 78 ]
Ouk, Oregon white (Quercus gorryani)...... g 4,2 v.o 214 H 4] 5l
Qnk, pin (Querews pajostris) ... .- 145 1.3 a5 o 9] .58 i3 44
Qak, pest (Guercus stellata) . . mn.2 5.4 9.8 1.8 L =} 47
Quk, red (Luercus borenlis). 1.8 4.0 5.7 2,00 . 56 15} H
Onk, Rocky Mountain white (Quercus

UANENESY | o imane oo dammmmmmaees 128 4.1 7.2 1,76 .02 62 51
Onk, searlat (CGuerens coccinen) ... .1 138 EN ) 0.7 2.1t B0 & 47
Oulk, sowsbern red (Quorcus rthra) .. _— 14.3 4.5 87 1,02 .52 62 41
Ok, swamp red (Quercus rubrs pagodae-

[11) A, [ 10 4 5.2 it 8 203 .81 [i":) 48
Onk, swamp chostond (Querens prinis) . it 4 5.4 9.2 L 5 NG a5 47
Cak, swamp white {Quercus bicolor) . .. 17.7 55 i & 1.93 Nt i )
Ouk, wuter (Quercus nigra} . oo P I 1 A4 4.2 0.3 201 56 63 44
Ok, white (Chrercns stba). .. -y 5.8 L 1 K1) 1.70 ] 42 48
Onk, willow (Quercus phellos) ..o oo 18,9 5.0 0.8 i.92 .56 47 49
Oaks, commercial red (avernpenl 4 species®.| L8 4.2 9.0 2,14 ] B4 44
Oilks, counereial while (nverage of 6spacles 7| 16.4 5.3 4.3 1L.75 L Ag %] 47
Ouks. eommercisl red and white {average of 13

FiT I T 1) P, 1.3 4.7 U1 104 N ;%] 45
Qsnpe-nrange ('Toxylon vomiferuny). ... 8.0 - il 730 I
Pultiecto, cnbbage (Sabal palmetto) oo 00 L oo reme o 37 54 27
Parnilise-tree (Simaroubs ghowes) ... 8.8 2,2 5.2 2.36 ik 37 24
Poeatt (T ieorin Peeam) oo oo oo eee e as 13,4 4.0 8.9 1.82 .60 al 47
Yorsimmon {DHospyros virgiodana) ool 158.3 7.5 10.8 1,44 .64 43 52
Pieentt-pluty (Coceolobls laurifolla). ... ... 15.7 1.4 7.8 1.7 i 7
Paisonwood {Metopium toxiferem) o ooa. 1.8 4.2 7.2 L.71 .51 H 37
Poplar, balsnm (Populus bulstmewra) . 1.5 3.0 71 237 .30 40 3
Popler, yeilow (Liricderiron tuliplfera)____. 123 4.0 T.1 L78 .38 38 28
Rhousdbndron, great {Lholedendron maxi-

LT Lt R U [ | ' 6.3 87 1.28 .50 62 40
Sussulrns (Sasssfrng varitfolium}. - 10.3 4.0 8.2 1,55 .42 44 32
Servicehorry (Ameisnchier eanndensis) . 18,7 6.7 10,8 1.61 . 66 61 g
Silverbell {ITnlesio carolinR) .. oceoea.. 120 18 T8 2,00 .42 44 32
Bourwood {Cxydendrum arbereun) 14.2 6.3 8.9 L4l .50 53 38
Stopper, red (Fugeniy confnsa) ... 13.3 8.2 4.1 1.47 .83 73 61
Bupnrberry (Celtis lnevignia). ... 12,7 5.0 7.3 1.48 A7 48 a6
Sycamors (Flatnous aecldentalis). 14.2 8.1 .8 1.4 .46 52 35
Walnut, blagk {Juglans nigma).. 11,3 5.2 Tl 1.37 LBl 5 a9
Walnut, little {Jugluns ropest. vl 4.4 4.0 1.05 L83 58 40
Willow, black (Sallx nigrm). .oves - 13.8 i 7.8 .12 L3 50 28
Willow, weslern black {Balix losinndra). 13.8 29 9.0 310 .38 50 3t
Witelr-hazel (Hemamelis virglnlana)_ 188 |am i e Rty .58 59 43

S0FTWOODS (CONIFERS)
Codar, Alaska (Chamaeeyparis nookka-

LONSIE) . m v ———mmmmamsmm gt smmmm e 9.2 2.8 6.0 2,14 0.42 ki) 31
Codnr, {ncense {Libgeedens decurrans) .o .| T.H 3.3 5.7 173 .35 45 28
Codar, Port Orford (Chamaseyparis low-

L1117 1 RPN 10.1 40 8.9 1.50 .40 a9 2%

¢ Quercus velutina, 3. laurifolts, Q. palustris, Q. borealls, Q. coccinen, Q. rubra, Q. rubrn pagodaelolia,

Q. nigra, and Q. phellns,

7 (uercus wneroesrpa, Q. maonlena, Q. stellata, Q. prinos, Q. bicolor, and Q. alba.

& §pecies under footnotes B and 7 combined.

oyt
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Tanie 3.—dAverage shrinkages of clear wood of species growen in the United
States, ete—Continued

SOFTWOODS (CONIFERS)

Shrinkaps (measud Weight per
vilues) cubie loat—

Ratio
of

At
Common and botanieal names of species of tangon- about
wood tin! 2o 12 per
Volu- Toxn- SE‘EE cent
metrle gential ey mofs-
& ture
con-
tent

.

gl

-
¥
g

Pounds
33

2
»

s
a2

Cetlar, eastern red {Juniperus virginiaon) ...

Cedur, western rod (Thufy plicao

Cedur, nerthern whita (Thuje oceidantalis). .

Codar,  southern  widte (Chumacerparis
thyaldes)

Cypress, southern {Tuxedium distichum).

Dmaglr;.s e {Preadotsugn Inxifolin} {coust
LA ) T A,

Dougiss e (Pseudeisugn taxifolin) (Hocky

Mountnain by

Fir, ripioe { Abies lasiooarps) ..

Fir, balsam {Ables halsumen).

Flr, corkburk (Ables nrizonien). .

Fir, lowiand whito {Abies grundi

Fiz, noble {Abies uobilis)

Fiy, Colifornkn red {Abies imgnitlea)

Fir, sitver {Abies nmnbilis;_.._

Fir, whita {Ables concolor

Firs, white (avernge of four spec

Hemiock, epstern ("U'suys eoosdensis)__

Hesnloek, motuatsia {'Usogs mertensiann).

Heniloek, wastere (Tsugn helerophiiing

Junilt'}er, alilgnior (Funiperus poeliyphioea). .

Laurets, western {Laeix oocidentalis) -

Pire, jnek (Pinws banksinnal._ .. ———

Pine, leffrey {Pinus jeffreyiy,

Tire, Hmber (Plous Nexilisy. ..

Ping, lobinlly {Pinus toedn)., ..

Pine, lodgepolo [ Pinus vontorta)

Piouw, lonplesf (Pintus palustris)

Pine, tmountsin {Pinus pupgens)..

Pine, northern white (Finus strobius)_ |

Pine, Norwey (Pious resinesa). .

Pine, plteh (Pinus rigida) ..

Pine, pood (Pinus rigids sero

Tine, snnd (Pinus elausn

Pine, shortleaf { Pinus schinats

Pine, stash {Pivos earibasnd ..

P, sugar (Pinus lnmbertlaned__ .

Pine, western white { Pipug montic -

Pine western yellow (Pluus ponderosu).

Pliton {Pinus edulis) ____

Redwood 1? (Seqjuois sein

Strruce, blrek (Picen mwariana).

Spruce, Engeltnann (Pices ong

Spruce, red {Ficon rohra)

Spruce, Sitka (Pleen sitchans

Spruee, white {Picea glaes) .

Spruces {(uverago of red, white, n

Tamarack (Larix iericioa) ..

Yew, Facitic {Tazus brevifol
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" Abkes prandis, A, nobills, A. amabilis, and A. concolor,

i I'ha Lrees on which Lhesa values are based were somewhat bigher in density thao the general averngo
fer tho species.  Hence it is very probable that further tests, which are now uoder way, will slightly lower
the present fgures.

i Pleen rabrs, P, sltchensis, nnd P glauga,

As previously mentioned, green wood is seasoned to remove a
part of the moisture that it contains., Tt thus becomes better fitted
for commercial use; the tendency to shrink, warp, and check after
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being placed in serviee is veduced, it is less subject to stain, mold, and
insect uttuels, and the loss in \\eifrht results in lower imwht charges
and reduces other handling costs.

The fact that wood below the Sber-saburation point shrinks and
swells with changes in moisture content malkes it lnghly desirable, in
the seasoning process, to obtain for the wood 2 final moisture con-
tent that will be suitable for the condition of ultimate wse. In the
past this matter has been given too little consideration, but the
necessity for attention to this phase of drying is becoming more
and more apparent.

The meisture contend of lumber dried even according to the hest
nir-seasoning practice varies somewhat. Neglecting this condition,
which can be corrected by hented storage or similar uteans, absolute
attainment of a proper finul meisture content for all uses iy not
Teasible in commercint worlk, both on necount of the diverse pur-
poses for which wood is employed and the wide range of atmos-
pheric vonditions to which it 1s subjected. Wood thoroughly air-
dry at Galveston, Tex., for example. is likely to have a moisture
content somewhat greater than that of air-dry wood in the general
Middle West States and considerably greater than that customa:y
for intertor woodwork in heated bmldmﬂ's Such conditiuns indicate
clearly that the final moisture- content problem is a difficult one
and also emphasize its importance. To solve the problem it is often
necessary to kiln-dry the wood instead of air-drying it, or in addi-
tion to air-drying it.

GENERAL PRINCIPLES OF DRYING WOOD
MOVEMENT OF MOISTURE IN WOOD

PRESENT KNOWLEDGE

Although the actunl })honmnon'\. of drying wood are not yet under-

stood in all their detai s, there is consider able knowledge that bears
on the practical seasoning problem. As stated before, wood upon
drying Hrst loses its free \v.ttel and then that which is contained in
the coll walls. The moisture in the interior of a piece of wood can
come to the surlace only as a vapor moving along the capillary
channels in the wood, after evaporating inside of the piece, or as 1
liquicdd moving cither tllmurrh the swime channels or through the ceil
walls. Rcﬁmdleas of whether such moisture moves outward as a
vapor, or as @ liquid, or as both, on account of the nature of wood
structure the end grain of wood loses moisture more rapidly than the
side grain does,

In n consideration of the air -seasoning process, a general under-
standing of the movement of moisture in wood is saflicient. It ean
be nssumed that the moisture tends to distribute itselt evenly through
the wood, moving Trom the moist regions to the drier ones. The
really importunt fact, however, is that the temperature and the
hmmdlt} of the utmosphew at the surface of the wood are controlling
iactma, while circulation of the air is of extreme importance in

wintaining and in modifying them.
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EFFECT OF TEMPERATUHE

The tempervature of the air surrounding wood affects seasoning
in a number of ways. Heat is consumed when evaporation tulees
place, and the ease of fransfer of the heat from the air to its point
of consumption inerenses with increase in temperatare of the air
cotering the pile. The heat required for evaporation must be SHp-
plied by the air, adequate cireufation of the air is required for such
supply, and largely beeause of inercased cooling effects local cir-
cutation in the pile’is likely to be better at high temperatures than ag
low.  As atready pointed ‘ont, an inereuse in the temperature of the
air increases its capacity to hold moisture and thus hastens evapora-
tion.  Below the fber-saturation point a certain amount of heat is
required to separate water from wood, the amount increasing as the
wood becomes drier; air at a high temperature holds more hent,
wiich it cun give up for this purpose, than the same air at 2 low
temperature,

The effeets of the temperature of the surrounding air upon the
drying process explain certain conditions encountered in nir sen-
soning.  For exaniple, even during the coolest months of the vear
® compuaratively rapid loss of moisture from bare wood cceurs nntil
a moisture content of about 30 per cent is reached, Then a rathoer
abrupt decrease in the drying rate ustaily takes place.

EFFECT OF RELATIVE HUMI!DITY

The relation of the relative humidity of the surrounding air to
the muistare in wood has heon diseussed previously (p. 6). It was
pointed out that this relationship determines the extent to which
wood dries. At a given temperature. the relative hunidity deter-
mines also the rate of drying.  In general, other factors remaining
vonstant. the lower the velative humidity the faster will drying take
place. and. conversely, the higher the celative humidity the slower
will be the drying. This is true because lowering the humidity re-
dluces the moisture content of the wood at the surtace. (hus inereasing
the rate of movement of moisture toward the surface and conse.
quently hastening the drying.

EFFECT OF CIRCULATION

Cirenlution also plays o large part in the seasoming process. As
wood dries, the evaporation both uses up heat and increases the
amount of mwisture in the surrounding air. Hence circulation is
required to supply the heat necessary for evaporation and also to
remove the evaporated moisture.  Circulation is thus a prime factor
in the drying of wood by any method and s particularly important
in air seasoning, because there it is the only essential factor that can
be controtled to an appreciable extent,  Further, when the cireila-
tion is sluggish, the aiv in direct contact with a green board is likely
to be at a hizh relative humidity, perbaps even as high as 100 per
cent.  Qbviausly the relative humidity of the filin of air immediately
at the surface of the bowrd has a mmjor effect on the dr ‘ing rate
of the wond and, since this relative humidity is influenced directly
by the rate of circulation, the importance of circulation is again
eviddent.

NNHH B0 — 3




18  TRONNCAL BULLETIN 174, U, S, DEPT, OF AGRICULTURE
APPLICATION TO AIR SEASONING OF THE GENERAL
PRINCIPLES OF DRYING WOOD
GENERAL CONDITIONS AT THE LUMBER PILE

Tho air seasoning of lumber, like any process for drying wood,
i dependent upon the temperature, humidity, and civculation of
the surroundine air.  Conscguently the vegtonal elimatie conditious
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alfected as they are by local factors such as elevation, topography,
drainage, and water bodies, constitute the primary influcnces in air
seasoninz.  Although efficient air-seasoning practice is designed to
exert some control upon the drying conditions within the lumber pile,
there is some relationship between these conditions and those outside.
No matter what the yard methods. a warm, dry, and windy clunate
will cnuse faster drying and lower final moisture content than will
vool, dump. and calm elimatic eonditions.
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There is considerable variation in geographic and climatic factors
nmong the various lumber-producing regions and also among yards
in«dhe same region. The influence of such natural conditions upon
tho air-scasoning process is itlustrated in a broad way by the data
presented in Figures 3 to 6, inclusive, which show the effect of
diflerent. weather conditions upon actual seasoning in the western
softwood regions. The moisture content for thoroughly air-dry
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stock (C of figs. 3-6) indicated for cach month is not to be considered
as the equilibrivm moisture content for the temperature and the
relative humidity shown in the enrves of the same chart (A of figs.
3-6), becnuse the temperature and the relative humidity readings
for cach day represent only two observations, which are not sufficient
in number o give true nverages. “The curves adapted from Depart-
ment Bulletin No. 1425, however, do show the general trend in tem-
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perature and relative humidity from month to month. Tyen though
these natural conditions must be largely nccepted, a knowledge of
them and recognition of their consequence in seasoning are essential
in the intelligent selection of a yard site, in the proper laying out of
the seasoming yurd, and in the development of cifective piling
methods,
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The aim of air-seasoning practice must be limited to employing
the favorable natural clements to the greatest possible advantage
and to minimizing the unfuvorable factors as far as is practicable.
The means for accomplishing this aim are brought out in the Iater
and more detailed discussion of nir-seasoning practice.

TEMPERATURE IN THE LUMBER PILE

Within the limits of existing climatic conditions, some indirect
control of temperature in the lumber pile is possible, Through the
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provision of adequate means for circulation both in the yard amd in
the pile, the aiv cooled by evaporation is replaced by warmer air
from the outside, thus increasing the temperature. Further, some
hieat is transmitted to the lumber ffom the direct ra ys of the sun,
which reach at least u part of the pile during some portion of the
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day. The extent of the pile surface that receives direct sunlight.
as well ax the Jength of the daily peviod during which it is received,
can be controlled to some extent by varying the spaeings around the
pile and changing the direction of the openings between piles.
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HUMIDITY IN THE LUMBER PILE

Control of humidity conditions within the pile. as fav as it is
possible, also can be sccomplished only by indirect means. Cireu-
Tation, if it oceurs, carries away the moist air resulling from scuson-
ing and ropluces it with air I'vom the outside that contains less
moisture. The regulation of temperature mentionad in the preeced-
ing paragraph alsu nifects the velative hwnidity, since an increase of
temperature menns that the drying eapacity of the air is inevensed.

CIRCULATION IN THE LUMBER PILE

The functions awdd the mmportance of eivenlation in air seasoning
have been indicated in the disenssions of temperature and hmidity
control.  Cireulation is the only drying factor that is subject to
direct methods of control.

The wovement of air in a luniber pile is the resultant of two gen-
eral types of circulation.  Horizontal eirenlalion s cansed primarily
by the loeal wind enrrents.  Vertical eirculation. on the other hand,
is an internal movement produced by evaporation and the resulting
differences in temperature throughout the pile,

Horizonta! circuintion can be regulated to some extent by varin-
tions in vard layout, in foundation ecoustruetion, and in piling
methods. The arcangement and spacing of mmin alleys and rear
alleys and the intervals between piles on the same alley affect the
movement of the loval air curvents to a laree extent.  Likewise the
clearance under the pile foundations exerts an appreciable influence.
Phe netunl inlet awd ontlot of the wind corrents to and from the pile
are greatly affected by the method of pile construction. TFor ex-
ample, an inerease in the thickness of the stickers matertally agsists
in building up positive horizontal civeulation.

Verticul eireulation in a lumber pile is a seasoning factor of the
utmest importance and hence should be thoroughly understood. As
the green stock in a pile dries, the evaporation uses up heat, which
i faken from the aiv in contael with the stock., This air, thus
becoming cooler and consequently heavier, tends to drop ! graduaily
toward the bottom of the pile. Methods of pile construction should
therefore be designed to aid this natural movement, permitting as
far as possible an unobstructed and continuous vertical flow of air.
Te secure the maximuwa benefits from vertical eirenlation, it must be
adequate, not only at a single point but also entively across the pile
from one side Lo the other, This means that vertical air cbannels,
well distributed, are essential.

The natural downward movement of cool. moist air in a humber
pile results in partial stagnation and slow drying in the lower section
anless proper means are provided to insure the removal of such air.
Thus horizontal civenlation, particularly in the lower portion of the
pile and beneath it. is » necessary adjunct to the vertieal civeulation,
Such movement toward (he outside of the pile resuits from external

W Speh movemoent b5 3t geaeral divectlon thal nermally obtalng during the gregfer
part of the ihwwe to which netund deying 15 taikbug pince,  During cool days, ang especinily
during eool nigiits wiien the fomber v dvy op prrotieally sa, Uwe (oolor outslde air enter-
tng nowarter space withln the pDile may cause 4 (empornry roeversal of Lhis downward
movenett,
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wind currents and Lo a less degree from o natural outward flow in
the lower portions of the pile, caused by the pressure of the down-
ward movement.  The outward flow can be auded materially by the
control methods already discussed in connection with horizontsl
cerenlation.

‘There is much misconception as to the movement of air in & hnuber
pile. Il the natural tendeney of the air to drop toward the bottom
of the pile s not fully .lppwcl.lml and adequately recognized in
the development of the entire aiv-seasoning practice, serious drying
troubles are almost certain 1o develop. The dreyingg m the lower
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part of the pile will then lag behind that in the other parts. As a
result. the average deving time will be lengthened, a portion of the
stock may never veseh s thoroughly aiv-dry condition,-and the
Habiitty of the development of stain and deeay will be inereased.
Such » lag in drying is illustrated by Fignre 7, taken from Depart-
ment Bulletin No. 1425, which represents actual dreving conditions in
different parts of a common type of hunber pile.

SMOKE MACHINE

In studying the effeet of wind. temperature. aml methorl of piling
on {he divection g the eate of alv movement in a lumber pile, it
may Be belpful to use » smoke machine. This npparatus may consist
of two glass containers, each about 113 inches o diameter and
inches imln one of which is hHed Imlf'w'n with ammonim dem\-
ule (mmnﬂma water: specific gravity 0.9) and the other with
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ydrochiorie acid {(specific gravity 1.19). The containers are pro-
vided with 2-hole rubber stoppers and are connected by a glass tube
about one-fourth inch in cutside diameter. By means of o rubber
bulb air is blown into the upper part of one container, forcing the
vapor there over to the similar space in the second container, where
it unites with the vapor above the other lignid, thus forming am-
monium chioride. This salt emerges as a white smoke. When the
smoke is released in a current of air it is carried ulong with the
current, this making the air movement evident. For the sake ot
convenience the containers may be supported in o small wood block
drillod with holes of the proper size and provided with a shord
handle. In some cases it is advantageous to connect several feet of
S4-tnch rubber hose to the discharge opening in the second rubber
stopper, so that the smoke eau be directed to any desived point. 1f
the tubing becomes elogged, the ammonium chloride may be readily
dissolved in waler. _

The IKiln Dreving Iandbook ' illustrates a smoke machine of
similar construction.

SEASONING DEFECTS AND THEIR CAUSES

The defects responsible for the depreciation incident te air sea-
soning are definitely relnted to the drying process itself or to the
{ime elenmient of that process.  An explanution of their causes wiil
permiit a belter appreciation of the possibility and the means of
preventing them.  These defects may be grouped as those vesulting
from sheinkage and those eansed by the action of minute organisms
thatt belong (o a low form of plant life knowa as fungi.

In the first group ave check. honeyeomb, cup, bow, crovk, twist,
lopsening of knots, and collapse.  The second group includes stains
amd decay.  Blue stain is the principal stain of economic importance
in (he air seasoning of many species. both hardwoods and softwoads,
althongh hrown stain {p. 28) is of xeme importance in certain soft-
waods,  On aceonnt of the genernl elimatie conditions in the West
and the drving periods usually required there, decay need not be
considered an air-seasoning defoet in lumber in that region. In the
South. on the other hand, both elimatic and logging conditions ave
very condueive to the development of decay. Al of the measures
taken to reduee blue-stain development are alse helpful in decay
prevention,

DEPECTS RESULTING FROM SHRINKAGE
END AND SURFACE GHECKS

Taumber checks as n result of uneven shrinkage, Such shrinkage
may be due to one or both of two canses. uneven drying and the in-
herent difference in the amounts of radial and tangential shrinkage
of wood.

There are three common causes of uneven drying: (1) The end
grain of wood wives oft moisture more rapidly than the side gramn;
{2) surface tayers dry faster than those in the interior. especially
during the early stages of drying: (3) a portion of a board fully
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exposed Lo the drying effect of the air loses its moisture before an
adneent section not so exposed dries to the same extent,

Tangentinl shrinkage, the shrinkage scross the width of plain-
sawed stock, is on an average about twice as greeat as radial shrink-
age, which is the shrinkage across the width of quurter-iwed stock,
Table 3 gives the ratios of tangentinl to radial shrinfage for various
conuuercisl species,

The end checking of Tnmber during air seasoning is largely due o
the uneven shrinkage caused by the exposed ends of the boards dry-
gz more rapidly than the adjoining portions, Not only does end
grain give off s moisture more raputly than side grain, but in
addition portions of both the major side-grain surfaces. near or
next to the eads, ave kept from diveet contact with the drying effect
of the air by the stickers that cover them. I follows thiut two
actions are nevessary to minhuize emd checking: Ends of the stock
should be shaded to decrease the rate of ond drving, and the area
of the bonrd faces not exposed to the air should be reduced as far
as practicable. s explained on page 400 end couting may be used
instead of shading in order to reduce ond checking:.

Season chiecks that appear on the faces of the stoek result both
from wneven drying and from the difforence botween tangentinl and
vadial shrinkage, Cheeks cnused by uneven drying may be due to
one of two conditions.  With excessively rapid surface drving, the
auter fayers beeome mueh drier than those in the interior wd tend
to shrink before the inside portion is dry enough to do so. The
stresses Hhus set up in the plece mny cuuse checking, which may be-
come apparent either fimmedintely or when the stock is run through
the planer. The other condition causing cheeles obtains when a por-
tion of the plece iy shut off from the air. The exposed portion be-
g to shrink betore the protoeted one is dry enough to do so, and
checking oceurs in the shrinking portion bechuse of the vostraint of
the un{‘ﬂ:mgvd one.  Stickers are often responsible {or such checks
i the stock. The checking in plain-sawed pieces for which the
difference between radial and tangential stirinkage is vesponsible
veers breause the face of the piece that is closer to the heart is mnore
nearly a vadial faee thay the other. Such a piece alse tends to eup,
but because 16 may be restrained by the stickers the stresses set up
may result in checking, The avoidunce of excessively rapid drying
tends to reduee all forms of checking, while a deercase in the nro
covered by the sticker will moterindly Jower the amouant of checking
vesulting Trom differences in exposure to the air.

Very wide flat-sawed boavds and planks are luble to check. For
this reason it is advisable to seavon tumber, particularly aiveraft
stock. in the narrowest usable widths, unlosy warping interferes,

HONEVCOME

The surface of a piere of green wood dries before the interior,
and in eonsequence ity shrinkage is opposed by the interior, which
during the early stages of drying rvemmins above the fiber-saturi-
tion point.  During these stages the difference in tendency to shrink
sets up a tension in the surface, which wmay result in checking, and
@ conmpression W the interior: the tension and the compression ave

SRHI0° ROy
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weross the wratn, s the drevinge precess contines shrinkage of
the duterior bewins, amd I tarn 3s opposed by the sueface, which
hax beeome set in an expainded cowdition: that s, the suvfaee has
bheen prrihdly restrained in shrinking and consequently ix witder
aevoss the geabn than 10 would be gt the smoe molsture content
i it bt been free to shrink The dilferesce in shrinkiage sow
results iy compressien of the surface and o tension in the interor
The contpresdion may e suflivient Lo close the surfuce clieels so
that they bhevome invistble, {(PLOLY Athough the ehecks possibly
are invisidde sd con o not be deteoted by o gradee, they may agin
beeome visible i the pieee s oxposed alternately to high and to low
Lumidities either tn s duey Riln or elsewhepe? '

The tnterior tension st desevibed may exeeed the strength of the
swood, nid consequently way tear the intevior fibers apaet. T it does
s the resulting defeet is called honeyvomb. The minimization of
boneyeond) involves methods of piting that will retard the deying
rale,

CASEILARDENING

When the surface of a pieee of woad is set in an expanded con-
dition, snd vonsequently is in compression, while the interior s in
tenston, the piece tx sald to be casehardened. When sueh a piece is
vesmwed the new surfaces tend {o beeome coneave. I easebardening
is ohjectionable, it eau be relieved by proper steaming methods in a
dry kiln. For most purposes Tor whicl stock in the alr-seasoned
cotrcdition i to boe nsed, however, such a procedure 1 not requirved.

U, HOW, CHOOK, AND TWEST

Cupping, the transverse (erosswise) concaving of a piece of lumber,
is enusedd 0o number of ways, The difference n shrinkage resulting
fram uneven drying is ofton responsible.  When stock is piled with
two layers to the course, one face of each piece dries more rapidly
awd reaches 1 lower final moisture content than does the other.  Thisg
condition may result in cupping. Further, » pliin-sawed board, al-
thoueh uniformly deied, way tond (o cup becaiise, as previously
pientioned. the fiee thal grew neaver the center of the tree may be
move nearly a radial face than the opposite face,  Such a condition
produces cuppisg away from the hearl. In general cupping may
he hold to o minhmun by allowing both faces of the stock to dry
evenly and by proper stickering,

How may be defined as g Jongitudinal distortion of & boand, of
euel g Kind that it~ face hax beeone convex or coneave.  Crook is the
corre~ponding edgewise distortion,  Twist, on the other hand, makes
one or both edges of @ hoard take the form of a helix or of a spirad.
Warp involves any kind of distortion: it is the general tevm that
inebucdes cap. how, eronlt, and (wist, Bueb fypes of defect are wsially
thoe result of weven shrinkuge caused by a lack of uniformity
the strueture of a picee of wood.  Spiemd, interlocked, vr dingonal
wrain i~ comuonly responsible, alvhough the large longitudingl
shrinkage nf compression wood is the most frequent ense of crook.

1 Hee foninnio o
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(PL2)  Minor distortional sdefeets nny vesult from uneven deyving,
and those defeets caused peimavily by the wood structure ean be ng-
gravaled in this manner.  Proventive measures consist chiefly in the
use of piling methods that will hold the stoek firmly in proper
alignment.

LOOSENING OF KNOTS

Knots ave loosened during seasoning beeanse of the drying of the
comenting vesins amd goms and becanse of ditferences in the shrink-
age af (he knot and of the serronadinge wood, Sinee the axis of a
kunot-Torming braneh is approximately at right angles (o that of the
teee. o knot in o pliin-sawed boned shrinks away from the wood
lengthwise of the Loned and also shrinks away. though to o lews
extent, eroswise of the board.  Further, sinee the shrinkage in the
thickness of tho board (reross i graing b ereater than Ui of the
knot in the same direction (along it~ own grain}. kaots are often
loosenod abao swhen the stock is wnehined, probably as much heewuse
the koot frequentiy projects beyvond the seeface of the buend as he-
anse it s Tarder than the wood around . The Joosenine of knots
e not be eaticely avolded by any moethod of sen~oning. since g
certain (ype of kot is not divectly connected with the woud sue-
rounding 3t suele knots which are eatled = eneased.™ wre usunlly
survonnded with bark.  Depreciation from knot loosening, however.,
eant be reduced =omewhat in air seasobing by measures that prevent
excessively rapid diving and exteemely low final moisture content,
When the knot s firmly intergrown with the snrrounding wood it
is tikely to chieck ratlier than to come loose as a unit.

COLLAPSE

During atr seazoning a form of defect called collapse sometimes
ccenrs in the heartwood of 2 fow species, sach as red gum and swamp
k. Rows of cells collapse like o punctured rabber tive: and if the
collapse bas been at or near the sueface. the surface of the wood
then has & washboard appearance: this appearance oceurs in boards
ruthier than in planks.  Cellap=e ix relatively uncommon in air
segsoning.

OTIHER IMPORTANT DETFTECTS ™

BLUE STAIN

In the air seasoning of sieh spevies as sonthern and western yellow
pine. northern and western white pine, red wum, sugar pine, bass-
woad, and maple, the prevention of line ~ain is often the major dry-
ing problem.  This defect ix a diseoloration of the sapwood that s
due divertly to the growth within the wood of threads of the blue-
stutn fungis These fnogd are minute plants that absorh their nourish-
ment from the wood they inhabit, Teeding principally upon the cell
conlents. As the fungous threuds grow, they pass from one cell to
anather, nwanltly throueh openings in the cefl wall, hut oeeasionatly
boring through the wood itself.  (Figs, 8 and 9.)

HoPhe anthor wishes to ke sn el s nawledzny ot go the Ofliee o F Fore <1 Perihoiogy,
whieh 5 oamnincimed by e Borean of Pient Industey of the 1% 5 Bepartmont of Agrienis
iure in canperation with the Parest Uraliets Laborttary,  The Ofice of Fore<t It lelogry
s contrihated vers wsterindly o e peesont koow et se of bhue staln aned ooy fungony
detreta Iy wad.
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Blue stain, in its developient, appears first in spots or streaks on
the surface of the wood. Later, as the fungus penetrates deeply, the
entire sapwood may be discolored. The blue-gray celor of the stain
abppoeuts 1 the wood only after numeous very small threads of the
Tungus have reached n cortain development within the wood cells.
(Pls. 3 andd -} When these threads, feeding on the contents of the
cell wnd to a slight extent on the cell walls, Yench a certain stage of
their growth, i|u1t|ntr bodies—comparable m some ways to the secd
pots of u Hm\‘mm“‘ pl.lnt—-.uv produced upon the surface of the
wonrd, These tnutmg_r bodies, which appear as tiny black specks upon
the blued wood, resemble small black hairs or bristles swollen at the
base.  (IFig. 10, AL} Minute spores, whiclh are comparable to seeds,
are ejected from them. (Fig 10, B.)

These spores, when carried about by the wind or other means,
eanse new infections by germinating on bright lumber green from
the saw or on other
favorable plrces.  Al-
though a  blue-stain
organisim may be pres-
ent in certain logs be-
fore the logs ave sawed
into Iumber, the chief
source of intection is
that Just mentioned.
Aceordingly, yard san-
itation and diserimina-
tion in the repeated use
of stickers are highly
umportant measures in
blue-stain prevention,
. Blue stain ¢oes not

= materially  affect  the
Figas 8. -4 dingram of roung thronds (hyphae) of a streng:l‘lh ‘propurtit‘s of

e, funsts o she el o sl Sowing oodl it is not an early

are ennsirieted wheee (hey pass throush the walls. gtagc ()f (1(3 LY. The

In Lhe lower ll‘l]!l‘l‘ wie theead is o wssing throvgh e . 4

a hortersd pil. Enbirsed aboat SO0 Gimes S-"tillrl: 110\\(.‘\'0[‘, often

lowers the value of the

product Tor uses, sneh as natural-finish surfaces, where the discolora-
tions are objectinnable.

Blue-stain fungi reyuire an abundant food supply in the wood,
a comparatively high moisture content of the wood, and warm
weather,  Bloe stain is likely to cccur, especially during rainy
periods, in the warmer seusons of the yenr when the air 1s humid and
seasoning is correspondingly slow, partientarly if proper piling and
slorae methods are not (*11||)10\*(‘d

Tt hus been observed that blue-stain fungi grow hest on substances
that conlain sowe acid: the aeid of sour sap is very favorable for
the developiment of the blue-stain and deeay ovganising,  This fact
dicates why souring or fermenting of the supwood is often advanced
as the origin of the blne-stain blemish and deeay instead of the true
canse. frungous developiment.

The blue-stain organisuis ordinarily do not attack the nornal living
tree.  In wood products the blued srens are usually cenfined to the
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sapwood, cding where the heartwood begins, The fact that some
speeies of wood blue move veadily than others has not been explained.
Possibly the food or moisture conditions in the sap vary sufliciently
among species to account for this selective action. From the inves-
tigative work conducted so far on the moisture requirements ot the
blue-stain organismsg it seems sufe to assume that there is little
dunger of sap-stain development in wood that has a meistare content
not exceeding 20 per cont,

The relation between the seasoning process and blue-stain fungi
is obvious. The eceurrence of this defeet is primarily the result
of insunitury yard conditions and of practices conducive to slow
seaxoning, Mewsures for minimizing it include steaming, chemical
dips, yard sanitation, and yard practices that will permit rapid sea-
soning, especially in the initial stages of seasoning and in the lower
thivd of the lumber pile.  Prefliminary steaming and chemical dips
wre discussed on pages 52
and 53,

BROWN STALN

Brown slains occur dur-
ingr both air seasoning and
Liln drying: consequently
they are sometimes culled
vard brown stain and kiln
brown wtain. Yard brown
stain appears as a yollow
to u dark-brown diseolara-
tion, chiefly in air-seasoned
sapwood  amd  heartwood
stoclk of sugar pine. western
vellow pine. and northern
white pine.  Kiln brown
stain 15 also yt‘“(:’“' to dark Fegens 0, - N dbgoram of @ bluestain funges in s
h]-{)“'n N (-(;]nr: it {f@\'(\lnps !-il)l’l\\'l‘l)!.l_ decotiposing the waond PRy ut A nnd

. . . N penetrating thie cell walls at B and C. Enlarged
during kiln deying of the  Zuem 500 times
heartwood  and  sapwood
stack in the species just mentioned, and also, for example, in hickory
supwond,

The brown stain that oceurs during nir seasoning, while definitely
lknown in some cases to be due to chemical action, In other cases may
be due to fongous action. Iiln brown stain is of a chemical nature.
The cauwse of chemical brown stnin is not definitely known. but it is
thought to be due to the deposition and subsequent oxidation of
water-soluble materials as the wood dries.  Sometimes the chemical
stuin appears on the surtace of a rough board. Irequently, how-
over. the water-soluble substances appear to be concentrated just
beneatls the surface, and the stnin does not become evident until the
board is planed.

No positive remedy for brown staining is vet known.

DECAY

What has been said with veference to the cause of blue stain and
the conditions condueive to its growlh is npplicable Ukewise to wood-



http:nmtl'I'ia.is

30 TRCUNICAL BULLETIN 174, U, 8, DEPT. OF AGRICULTURE

destroying fungi, with one important exception, namely, blue-stain
fungt wileet the strength to onty 1 minor degree it at “wil, whereas
the “wood- destroying organisms use certain constituents of the eell
walls of the wood for tnoti, with the vesult that the cells may be
broken down and the strength of the wood may be greatly reduced.

INSECT ATTACK %

Certain woods are subjeet to inseet attack in the green lumber, some
im iustdliciently seasoned Lunber, amd others in dey lumber,  Some
of the wood-destroving insects bore into Htln\\'(md and heartwood
without diserimina-
tion. whereas others
conline their caling to
L P\\'UU(] or oven {0
bark, The sapwood of
a few folly seasoned
Bardwoods @ attacked
by an inseet known as
the powder-post beetle.
This beetle lays its
cgas in the pores of
the wood. and the egps
are big enongh to ve-
quire  large pores
Ifence h:ch()l) ash,
and ouk are most Hable
to its injury, but other
species are also  at-
{acked to some extent
by this same beetle.
The actual «destruection
of the wood conwes
from the lurvee of this
borer, as is usual with
such inseets. With
some wood destroyers,
however,  either  the
adults alone or both

Flarnee 10,3, Frabilng bodies of bue stain {Ceratnsfo- the :\{hzlts EI.I](.I thG
el sp.0 appearkng ws blRck, powderr musses on 4 YOUNE do the damage.
1_}11}! i’riil:lzl:‘.;_;l b 3 B, fewiliog bodies, enbrrged ebont ()!"I aeeount 0{_ bOl‘Cl‘

attacl. seasoned hick-
ory, ash. amd ork in storage should be moved in 10[\1ti0n old stoclc be-
ing usad before new, so “that none of it will remain in storage an
{“\{'L‘k‘«l\{'l\ long time.  In addition all stored stock should be examined
regularly “and with care.  Any stocl showing the slightest indication
of attack should be reexamined, often by Lnttmrr into it, and borer-
infoested stocle should either Le heat sterilized or destroyed. The
powder-post buetle lays its eggs below the surfuce of the wood, usuxlly
ontcunw the piceo from the end. and the larve ordinarily work -

_“'t i author iy ['ill‘l‘\{‘t] o acknowledue the assisinnes of the Dureau of [Butomeloyy,
U, ¥ Lepavtment of Ageleaflore, In the prepaontion of Lhiz section.
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ward, so that a picce of wood may be vaten to & shell before :w?r
external indieations of the destruetion appear.  IFurther, the adult
beotles flv, which makes inlestation of adjavent stock merely 2 matter
af time 1 proper preventive measures are not taken.

Without mnel question. ceonomic considerations justily hoth con-
stant inspeetion of stores of the womls most =ubject to borer attack
and also suitable heat sterilization of such stock mmediately before
s remanutactire,  Similae (reatent ix desizable lor all seasoned
woutl mibjeet to the aftacle of any insect.

Sensoned stoele that is entirely Tree Trom the eges and JTarve of
poswder-post beedes may he profected Trom attack threough filling the
pures ol the woul with vivnish or elos oil, which will prevent the
adult Yeetle {rom laying its eggs in the wool.

Rty BEYING TO KILL WOR BORERS

Abeut 180° I, is reguired to kil many ol the borers that infest
waoml, wltheugh considerably lower temperatures will suflice for some.
When womd infested by heat-endurant borers, such as the Lyctus
powder-post heetle, has not been subjected 1o a temperature of 180°
or higher during the dreying provess. the kiln temperatnre should be
mrised to 180wl the enid of the vun and so held Tor 2 half howr or
longer, the exaet fime depending upon the thicknes: of the stoek, It
the moisture content of the wood does not execed 1¥ per cent. and if
the relative humidity doring the heating period 3s controfied so as
to prevent any visible damage, 1t is improbable that subjecting the
stock Lo 1842 Tor two or three hours will injure the strength of the
woml,

KILN DRYING PRELIMINARY TO AIR SEASONING

Nubjecting green fumber (o velatively high temperatures aceom-
plishes move than mevely killing the fungl and inseets present.
When sueh temperatures are employed in conjunction with proper
velntive humidities, ax in kiln deyving, the provess offers siso a means
of ninimizing cheeking in relenctory hardwood boards during sub-
sequent are dreying. The principle mvolved may be miderstood by
veferving (o the disenssion of honeyeomh on page 25 and by the fol-
lowing considerations: During the early stages of kiln drying, the
rafe of deying, under proper comditions, can he controlled go as to
prevent cheeking, At some point in the deying process the stress in
the sueluee of the boared climnges from fension (o compression. AL
this point, witch i northern red or white oak. tor instance, 1wy be
al a moisture coutent of ahout 80 per cent. the danger of checking is
praciically wones as long as the surlace does not sab=equentty abeorh
maisture ind then again lose it,  Consequently the probleny of min-
imizing cleeking o releaetory hardwoods may bo stuplified by pue-
Hminery dethe deying Tor several days belare (he stock s piled in
the yamlo Ta nutke it possible Tor sueh drying to remain eifective,
however, eare must be taken to protect the stock front rain,
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COMMERCIAL METHODS OF PILING BOARDS, PLANKS,
AND OTHER SHAPES OF WOOD FOR AIR SEASONING

BOARDS AND PLANKS
FLAT PILING
Yarty BITE

While in some cases the loeation of the seasoning yard is limited by
sueh factors as availability of the timber supply and means of trans-
portation, when possible the site selected should be well drained, amd
for species that withstand rapid drying should be on ligh ground well
exposed to the wind,  Freedom from débris, weeds, and other vege-
fation is essential i the development of blue stain and decay is to e
kept at a minmum.

Obviousty the opportunity for movement of air around tho piles
shown in Plate 5, A, Is mnuch gmreater thun for these in Plate 5, B.

Yare Lavour
MAIN ALTEYS

To facilitate the fravsportation and piling of lumber the nwin
alleys should be 16 to 20 feet wide. (Pl 5, A.) Tn some yards the
alleys have no surfacing. in others planking is used, and occasionally
alleys ave surfaced with concrete,

NEAR ALLEYS

In some mstances the rear allevs are used for unpiling the lumber,
Even though they may not be used for this purpose, they should be
at feast 8 feet wide if rapid air movement is needed.  The advantase
of the alleys shown in Plate 6, B and C, as compared with that in
Plate 6. .\, i3 evident.

CROBS ALLEYS

The alleys at right angles to the main alleys shouk! be spaced 200
or 300 Teet apurt {o facilitate the movement of lumber.  Tf they are
made wide enongh, say 60 feet or move, they will tend to Hmit the
extent of o fire.  These alleys. like the others, of course influence the
movement of wir throueh the yard,

TRAMWAYS

Because ot variations in the level of o yard and also in order to
permit higher piling without mechanieal equipment, elovated wood
runways, called tramways, ave sometimes bwilt in the main alleys,
(PL 7. L) It has been found, however, that n tramway in front
of a pile materially refards the drying vate in the lower part of the
pile anc increases the danger of depreciation from blue stain and
decay to such an extent that the apparent advantages ordinarily are
outweighed by the disudvantages,
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LA LEFISF

A rual of stapebied-lengih Tmnber e in tso seetions, one nverfapping 1the other, to peroeit
Mlrapiale s len=ing of the raal s both the front aaed the meae of (he yanl pile, The proetice of
demabile deckimer thal s, pifiae two Bevers of Taeds betsooen Two coisseeulive mows of Stvkers os
alse stown Ino e ifiasteation, B= lalde Lo eawse an sxeessive amount of ehecking and warping;
W, xard gude bhoarded ageta shielt the lomber frone the diteet s of the sun, thus reducing the

ssive el chrvking that e esused by toneapiddecing O esimile o eifeetive typo of porta bile
I for proteeting e ends of the lember frorn the stieeet rays of the sun
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BRQUIREMENTS

The principal requirements of satistuctory supports for a lamber
pile are firmness, durability, and o height sufficient to allow the air
that has circulated through the tumber to escape readlily, especially
by allowing wind from any direction to blow beneath the pile.
The nunimum distance between the ground and the first layer of
lumber should be I8 inches. Firmness and durability are required
to prevent sagging and consequent warping of the stock.

UNIT FOUNDATIONS

Fonndations may consist of heavy planks resting divectly on the
geonnd and supporting piers and stringers. The unit type, as this
constrnetion is called, s built the same width as the pile and separate
from the adjoining founduations. Such a foundation permnits de-
finite alignment of the piles {p. 363 15 veadily adjusted for different
lengths of stock, and s easily repaired. A disadvantage is the
tendency of the wood in contact with the ground to decay.

CONTINUOUS FOUNDAUPIOXSR

The stringers of the continuous type of foundation are supported
th & manner simikare to that of the unit type, but they extend from
ol ¢ross tliev to the next. .

PFERS

Conerete piers, which are sometitmes built as shown in Plate T, B,
are very satisfactory. The low. solid foundations shown at the right
in Plate 7€, are in mavked contrast with those near the middle of
the thustration; the =olid ones shonld not bLe used becanse they
prevent proper civetlation under the piles,

RLOove

Regardiess of the type of foundation, the slope from front to rear
should be approximately 1ineh to the foot of length of pile.

PRESERVATIVE TRENMNTMENT

Timbers nsed in the construction of foundations for lumber piles
should be impregnated with ercosote, especially if they are of a
nondurabie species of woad or the sapwood of any species. I the
cost of the tinpregnation process is not justified. the timbers should
at least be given two voals of hot creosote. or an equivalent treatment,
on the surfaces that arve to be in contact with other surfaces or with
the ground.  I-beams and inverted ruilroad rails also make satistic-
tory stringers for such service,
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BEPARATION OF BrocK

Beenuse of the marked difference in the drying rates and in the
seasoning degrades of stock of various speeies. gradescand thicknesses,
the separation of stovk should in some cuses he made at least on the
hasis of these three factors,  For instance, £74-ineh sap gum reguives
rapid drying conditions to prevent blue stuin, while £/4-inch south-
ern lowland red or white onk should he subjected to more moderate
drying conditions, sinee it ix very liable to check and to honeyeomb.

Upper-grade stocke of coniferouns species s ¢lear. while the lower-
erade stoek has knots, which are liable to check and become loosened
if subjected to the extreme dvving conclitions that the upper grades
can withstand,  Likewise the conditions to which the heartwood of
red gum shontd be subjected are more mild than those proper for its
sapwood.  Phusg in any species in which the dryving rates of heart-
woorl und of sapwood differ materiatly. separation on this basis
should be given cavefnl conxideration.

Thick stocls of 4 given speeies requires o longer deying period than
thin stock does and i~ also more liable o check,  Further difficulty
ix encotntered when pieevs of more than one thickness are piled in
the same layer. sinee the stickers then fail to hobd the thinner picees
in posttion effectively and therefore permit warping. In addition,
such thin preces in n laver fail to support the stickers above then. 2
condition that always causes at least deformation of the nnsapported
stickers, with resullant injury to the stock above them. and may
vanse brealage of the stickers, with still greater injury to the stock.

Not ouly i it advisable to separate the stoelt with respect fo species,
grades (at least by groups). aud thicknesses, but proper piling will be
facilitated and seasoning degrade will be redueed if the separation is
made also with respect to width and length.  With uniform-width
stocle, straight flues of any destred width from bottom to top can be
provided so that aiv movement will be reasonably uniform through-
ont the pile. When the lumbher is separvated as to length. piling so
as to avoid ovorhanging ends, which are liable to cheek and warp,
ix simplified.

Tor hardwoods, the distance between fines shounld ordinarily be
about 12 or 14 inches: too great a distance causes too slow drying.
Boards. ineluding those of rantdom width. may be grouped to obtain
the proper distanee: for example. three 4-inch beards. two G-inch,
or one 4-inch and one 8-inch are all equivalent to one 12-inch hoard.

For mueh softwood hnmber the distance between flnes should be
approximately the same as for hardwoods. Loeal conditions. how-
ever, alwavs determine the exact spacing that s proper; the =peeies
of lumber ix mervely one of these conditions. Bxtremely high
humidity and light winds. for instance, might make correet a spac-
ing between flues of only 8 inchies, and on the other hand when the
hoards are 30 inclies wide the flue spacing obviously can not be less
than 30 inches.

‘Tyers or Tiles

HANRGM-LENGTID PHLES

Somelimes the separation of storde with respeet to length is nok
feasible.  Tuo often the vesult of piting random-length stock without
sorting is us shown in Plate 6, .. Except for very low-grade mate-
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rial. sueh a method of piling should never be used. since the con-
sequent depreetation in the value of the stock because of warping
and checking is unnecessarily highs the loss in sucl depreciation will
more than equal the additional cost of proper piling.

X PILES

If seock s piledt without overhanging ends, as the lumber in Plate
G. I3 snd CL s, the mothod s catled box piling. In piling random-
length stock for air seasoning. the longest boards or plarks should
Lie placed in the two onter ters; awd it there is & sufficient ninaber
ot These bonrds for additional tiers, such tiers should bo uniformiy
distribnted aeross the width of the pile. As far as possible the
boards throughout any tier should be of the same Icflgtlll. whatever
that length may be. Whether the short boards should all be placed
with their ends flush with the front face of the pile or whether
adjacent short-hoard tiers should be fush with the front and the
rear Laees, vespectively. depends on the stickering.  Let ux suppose.
for example, that 12-foot and 16-fout boards are being piled and
that throe tiers of stickers ave adequate for the 16-foot stock. If
the short-length tiers of boards are all flush with the front face of
the pile. one dess Ler of stickers to support the ends of the 12-foot
stocle will be roquired than if the alternate method is used. On tho
other hand, if the number of interior 16-foot tiers is limited, saving
one tier of stickers Ly such piling may result in too much sagr
in the resr tier of stickers. which is almost certain to deform the
hoards resting on them.  I0 five or more sticker tiers are required
to keep the 16-foot stoek from warping, adjacent shart-length tiers
of boards should he pliced flush with the front and the vear faces
of the pile. vespectively. Such staggering of the short-length tiers
i well adapted to a pile in which there are no interior long-length
tiers of boards,

Minor modifivations of the method of piling just deseribed are
al=o ealled box piling.  For example, in proper kiln drying, with
flar piling. the tiers of fong boards are grouped in the sides of the
pile nstead oF being distvibuted over it. and the tiers of short boards
are always staggered from end to end instead of sometimes being
concentrated st one end,  This distribution of the vertical air chan-
neks at the ends of the short ters is required for proper circulation in
the Timited space within a dry kiln.  Again. in air-seasoning practice
the term hox piling ™ ix sonetimes applied to properly piled boards
of the ssme length, either nominat or actunl.  The essentinl foaiures
ol the hox pile sre accorate separation of the boards by length, the
nse of long boaeds for the outer tiers, and proper support under
vach end of every board. so that no ends overhang,

SPEQIAL PILES

One intentional divergence from an essential feature of the box
pile is sometimes found in the piling of certain self-stickered soft-
woods. especially with wide beards,  ‘Uhe rear stickers are set haclk
18 to 24 inches from the ends of 1he stock. perhaps with the iden
that, when the boards ave not trimmed accurately to length, it is
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impossible 1o have the stickers flush with their ends. When it is
possible, however, placing the rear stickers so that they overhang the
ends at least 1 inch is desivable, becanse then less end checking is
filzely to oceur,

Another divergence is the stegeering of the middie and the rear
tiers of stickers. This practice appenrs advantageous for the middle
tier; it should decrease both the moisture content and the checking
of the portions of the boards and stickers that are in divect contact.
At the same time. if the staggering is not properly done, there is
danger of warping, In such staggering one edge of each sticler is
dircetly over the cenfer line of the sticker below it, and suceessive
stickers are offset in opposite divections,

IHRECTION oF PHLING

Almest invariably boavds and planks ave piled perpendicular io
the main alley, as in the piles previousty thustrated. This method is
endwise piling,  Oceasionally, however. the lumber is piled parallel
to the alley; this practice is sidewise piling.  The sidewise methorl
might be expected to afford more rapid drying than the endwise be-
ennse the face ol the sidewise pile. next to the alley, is more open
than that of the endwise pile. The conclusion from examinution of
actunl air-seasoning test pilex in the southern yellow pine region,
however, wag that the difference in drying rate hetween endwise and
stidewise piling was negligible. Tt appenred also that the difference
in the amount of Llue stain resuiting from the two methods was
negligibe, although the datn on this point were not suflicient to be
conclusive, Ridewise piling 14 more inconvenient than endwise piling
atd is probably more costly,

MLE Neacixes

In the varions lumber regions the lateral spacing between yard
piies varies from n few inches to 6 Feet.  This spacing is one of the
most important factors affecting the nir movement around and
throurh the piles. It is hardly possible to recommend the proper
fateral spacing in all cases.  Broadly., and by way of example, it
may be stated that & Teet for species sach as the pines and that 6
feot For the sapwomi of red gnm and for busswood are considered
safisfactory, A dedinite answer in 2 given ense depends upon how
rapidly the Tumber dries, the width ot the pile, the Interal and nlso
the vertieal spacing between mdjoining boards, whether checking
ar stain s likely to be the principal eause of degrade, and elimate.

Lrrespective of the lateral spacing it is ndvantugeous from the stand-
point of the effect on general nir movement through the yard to have
the piles nligned ngshown in Plate 8. An alternative arrangement
sometimes wsed is a * checkorbourd ™ lavout as illustrated in Plate
s, B0 Do this plan the piles on one side of an alley are directly oppo-
site spmees of the same width on the other side.  In other words,
onby hall the usual smuber of piles g placed on eaeh gide of the
alley,  Although the checkerboard arrangement undoubtedly las
advantages, the superiority of the checkerbourd over the more
nsial hayont, when the usunl layoiit is given the sume proportion of
froe wpace, has ot yel been proved. '
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Geeasionally the piles are so disposed in & yard that there is
some opportunity for selecting the foundations on which fresh stock
is to be put. If a species like sap gum is to be seasoned, the piles
should be placed 1s far from other piles as possible in order to hasten
the drytng rate. On the other hand, if oak is to be seasoned, the
stock should, if possible, be placed between two piles of some other
green stock Lo retard the drying rate and thus reduce checking amd
honeycombing,

P Wt

The width of « pile affects the rate of drying, and should therefare
be griven careful consideration before any particular dimension is
adoptled a8 permanent,

In the sottwood regions the width of a pile is usually made equal
toits lemgth,  In the South the width of hardwood piles is generally
G feet, while in the North it is 12 to 16 feet, For sapwood boards
ul @ species like rod gum a very narrow pile is desirable, in order fo
hasten drying and to decrease blue stuin. With oak, on the other
hand, the danger of checking and honeycombing is very great. and
from this standpoint extremely narrow piles are objecfionable, At
the se time wide piles do not (it in well with 2 sonthern hardwood
operation becanse of the large number of items and the relatively
smatl amonnt of cach item ent daily at the average southern mill.
Consequently the wider the pile the more the stock is exposed to
s and rain before the voot is provided, becnuse the pile then is
fidt up wmore stowly. Possibly it would be worth while for hard-
wood operators, especially in the South, to consider devising a form
ol roof built in sections of convenient size and weight that could be
placed over incompleted piles until additional stock is available.

The marked eflect off the width of the pile on the drying vate was
indicated by two piles of redwood. 8 and 16 feet wide, respoctively,
that were of the same cluss of stock and crected at the same time.
It 136 days the narrow pile reached a moisture content of 19 per cent.
while the other pile dried only to 36 per cent.  Although redwood.
the species xeleeted for this drying test, is not subject to blue stain,
it s reasonable to expeet that the faster drying rate obtained with
the narrow pife wonld reduce bine-stain loss in species that are subject
to such attnek. Narrowing the pile unquestionably has somewhat
the same result as opening up the pile. a matter that is discussed a
fittle Jater under the headings © Stickers ” and “ Board spacings.”

e g uT, 1'ITeH, AXD SLork

In the western softwood regions the height of piles averages proba-
biy 14 fo 18 feet and in the southern softwootd regions about 19 to 18-
feet, exeept in yanis with tramways or with mechnnical piling equip-
ment, where the height may be 20 feet or more. In the southern
hardwood region the hetght avernges about 12 feet and in the north-
ern hardwood region about 15 to 18 feet, althongh in northern yards
having tramways the height is sometimes 30 feet.  Since the general
tremd of the air wovement in a pile is downward, it is obvious that
the higher the pile the greater will be the difference in drying rate
between the top and the bottom of the pile. No significant difference
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hias been Tound i n pile 10 feet high, but in a 20-fout pile the differ-
ence is considerable. Thus the advaniage of saving vavd space by
the use of high piles may be offset by vetavdation in the drying rate
and resultant degrade in the lower part of such a pile.

The usual piteh of the front face of a pile toward the alley is about
L inch to the foot of height. Such inclination permils the rain
Lo drip from the front face, so that the water is loss likely to trickle
through the pite.  The slope ot the pile from front to venr is usually
nbout 1 ineh to the foot of length, an amoeunt that permits water
entering the pile from the top ov the sides to drain ofk.

STICKERS

The strips or boards nsed for separating the layers in a pile are
generally veferrod to as stickers, and sometimes as crossers. They
are ol 1wo kinds: Stock stickers and specinl stickers.  As the name
indicates. stock stickers are boards of the same kind as those being
piled.  Speeinl stickers, on the other hand, may be of the same or ot
a different species. The usual special sticker for softwoods s
nominally 1 inch thick by 4 inches wide, and for hardwoods is
nominally 1 inch thick by L1 inches wide,  All stickers in the same
layer should be of inifornn thickness Lo minimize warping.

Where the prevention of checking or staining is hmportant, spe-
cial stickers should ungquestionably be wsed. With low-grade stock,
however, the use of stoele stickers 1s justified, not ouly because the
joss from depreciation is small but also because they permit more
stocl to be piled botlh in a given space and in less time than when
speeial stickers are usedl.

Mpocial stickers should at least be thoroughly air-dvy if not kiln-
dry in order to minimize blue stain, deecay, and checking in the
lumber they support. If green stickers are used the portions of the
boards in contael with them dry out more slowly than do the remain-
ing portions, thus increasing the dunger of fungus development and
ab the same time setting up shrinkage stresses that may result in
checking,  THeartwood is preferable to snpwood for stickers because
it does not blue stain and is more resistant to deeay.

The number and the position of stickers may have an important
Learing on degrade, and these factors, therefore, may vary with the
species of the wood to be air-dried. For instance, a sulicient nun-
ber of stickers is necessary to prevent warping, bub too many sticker
tiers may roesult in blue stain and consequently an uanceessary de-
preciation. Usually three tiers of stickers are considered sufficient
for 16-foot western yellow pine bourds, while nine tiers are required
Tor red gum boards of the suine length. Tt hus been found that it
special stickers are placed so that their outer sides project beyond
the ends of n pile of boards the drying rate of the wood covered
by the stickers is retarded sufficiently to effect o material reduction
in end checldngr; such stickers may be 2 inches wide instead of the
customary 134 inches. As a rule the stickers should be aligned so
that the tiers are parallel to the front fuce of the pile, in order to
mininize warping. Iach tier of stickers should be supported divectly
by a foundation beam. (L 8, C.)

Beeause of the common tendency of the lower part of a pile to dry
move slowly and to stain more than the upper part and because this
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tendency s direetly related to the air movement within the pile,
studies have been made of the effect an drying conditions of using
ihicker stickers in the lower thivd or half of the pile. {PL 9, A)
The results obtained show a very definite advantuge Tor opening up
part of the pile by this menns. On the other hand, if the thicker
stickers were wsed in the upper part of the pile also, the more rapid
drying resulling in that portion would in some instances be objec-
tionable becitnse of inereased shrinkage defects.

Where the operator does not wish to carry two sizes of stickers,
the desived opening of the pile may he attained simply by doubling
the stickers, that is, by using two L-inch stickers, onc on top of the
other, instead of one 2-inch sticker.  IPurther increase in the area of
horizontnl openings to wid circulation within the pile may be pro-
vided, of course, by using still thicker stickers, either solid or built u P

Boad HpaciNoes—IFLues s8p CnIMyNEYH

Mention has been made of the fact that in the main the air move-
menl in oa pile of seasoning lumber is downward.  Consequently if
the stoclk ix separated as to width (p. 34). it can be piled with straight
Mues. which will aid civenlaiion.  The width of Hue, which is the
hiorizontal spacing between boards, can be varied to suit the condi-
tions g that s, i the principal canse of degrade is stain, the spacing
between boards should be imereased. On the other hand, if check-
g is the principal defeet. the spacing between boards should
be deerensed. The disadvantage of this method is that it can be
applied practically only to the entire pile.

Maore or ess arbitrarily, the space between two tiers of boards may
be enlled a flue when it ix less than G inches in width. I the space
1< 6 inches or more in width. it may be called 1 chininey or a vent;
it then may be either straieht or tapered. (P 9. B and C.)

It ordinary random-width stock is to be piled, it is good practice
to provide three or more straight chimpeys aboul 6 inches wide and
to place the boards in any layer between two chimneys so that adja-
cent edges are in eontact or nearly so. In this way the edges of the
boards en cach side of 2 chimney can be placed in approximately
vertieal alignment.

[T very wide rndom-width stock is to be piled, it may be more
practivable to provide one wide, tapered, coniral chimney than
severn| narrow chimnoeys.

Where desirable, it is possible, of course, to supplement the effect
of the chimneys by providing increaged horizontal openings in the
lower part of the pile, as previously deseribed.

Roors, 1Drir Boarns, AND SIEDS

Except for very low-grade stock, some form of pile covering is
advantageous in decreasing depreciation from alternate exposure
to sun and rain. which causes checking and warping. Roofs should
plways be made of low-grade materizl, in order to minimize costs.
The boards tn the first Inyer of the voof may be spaced about one-
halt inch apart, and these in the top layer should then be placed
directly over the spaces between the beards in the lower layer, The
rool, it it is tight. should slope about 1 inch to the foot; if it is
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not tight the slope must be somewhat greater, perhaps 25 per cent
greater, in order to provide for satisfactory run-off. The rouf should
project abont 1 foot at the front und 21, feet at the rear to aid in
keeping suow amd rain from the ends of the pile. To aflord adéi-
fionai protection, drip beurds are sometimes used, as shown in Plate
G, C. Where it is desived to have the voof project in the manner
deseribed without using extra-length stock, the sectional construe-
tion shown in Plate 1, A, can be provided. However. more space
than thst shown between the rool and the top layer at the rear would
be adviseble.  En any event this space should be ample to allow
plenty of air to enfer the top of the pile. An average of § inches
1s considered suflicient for this purpose.

T w windy loeation the rouf should be fastened to the pile by
wiring or equivalent menns,

Exo PuorkEcon
PROJECTING STICKERS AXD SUN STIELDS

Reterence has been made to the faet that if special stickers are:
placed so that they project beyvend the euds of the boards in the
layer helow then, thoy will retard the drying rate in those ends
and thas deerease emd-cheeking,  In thick stock the protection af-
forded by projecting stickers may be very inadequate, and in this
event sun xilia-hls may be usetful,  Plate 10, B. illustrates the use of
boards for sun protection. and n convenient type of portable sun
shield is shown at the left in Plate 10, (.

COMNTINGS

Coatings for redueing changes in the moisture content of wood
are another means of protection against end checking.  Such cont-
ings should be applied before cheeling beging,  Parafline is one ma-
terinl that may be used for this purpose. It should be melted so that
the stock can be end-dipped in it and thus given a coating about one
thivty-second of an ineh thick, Another coating material. which
may be applicd with a bhrush and which is more convenient to use,
sinee it need nor be heated, is fitled hardened gloss il It is made
up by paint manufacturers.  Various kinds of hardened gloss oil
are on the market, some of which are not suitable for end coatings.
Hardened gloss oil having a high degree of resistance to the passage
of moisture consists of 100 parts. by weight, of rosin. 8 parts of
quicklime, and 37.5 parts of a thinner. wuch as mineral spivits.  Filled
hardened gloss oil ™ is made hy mixing 25 parts. by weight. of
librous tale, 25 paris of baryvtes, nnd 100 parts of hardened gloss
oily the purpose of the inert pigment Is to inerease the moisture
resistance.

END PILING

End pmiling for seusoning. which ix illustrated in Plate 11, is used
to a limited extent in piling sap gum in the drier sections of the
southern havdwood region.  Thick, clear lnmber in the sugar-pine

WA Tist ol the dentvs fene whom the esinponent wnterinls may be purehased can b
nbladned. upan applicatlen, (rem the Forest Preducts Laberatoey.
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region of California is also oceasionally end piled under shelter.
End-piled lumber in a seasoning yard is virtually the sume thing
as lumber flat piled in the ordinary manner and then tipped up on
end. Although the term “end piling 7 is also used in kiln drying,
the piling method is different and, further, end piling in finish
sheds is customarily done without the stickers that are essential for
green lumber. Just as in flat piling, care should be taken in placing
the stickers for end piling so as to avoid warping and end checking,
and in providing proper flues or chimneys in the pile.

Some operators in the lower Mississippi Valley maintain that end
piling permits the Iumber to dry faster than flat piling does. In a
certpin yard the lumber is end piled for about 15 days, until the
surfaco 1s dry enough to prevent the development of blue stain, and
is then flat piled. In other Mississippi Valley yards the lumber is left
end piled until dry. On the other hand, in & yard in which the dry-
ing conditions are typica! of those in the Appalachian region, end
piling was found so unsatisiactory that it hus been disenrded in spite
of the loss invelved in tearing down the expensive supports it
requires,

END RACKING

There are two common methods of end racking yard lumber. One
muy be designated as the X form and the other ns the inverted-V
form. (Pls. 11, C, and 12, A.) Less warping and end checking are
likely to oceur in ‘the inverted-V form than in the other form and
the mmverted V is thevefore preferred. Anather advantage of this
method is that stain, if it occurs, is most likely to be at the inter-
section of the boards, and a smaller foss from trinining results if
this defect is near the end than if it is near the middle,

The upper support shown in Plate 12, B, rests on posts braced
longitindinatly and laterally, and the lower ends of the boards rest
on planks on the ground. Better drying wonld probably be secured
n the lower portions of the boards if they were supported a foot
or more above the ground.

The statements previously made (p. 33) concerning the firmness,
durability. species, and preservative treatment of wood foundations
for f‘!ut-f_)ile(l tumber apply likewise to the supports for the end rack-
ing or the end piling of Iumber.

It is obvious that the air can cireulate much more freely around
end-racked than around flat-piled lumber, especially in the vertical
direction, and this fuct accounts for the more rapid drying that
occurs with end racking.  After being end racked for from two days
to two weeks, stock is usually dry enough to prevent blue stuin unless
it agnin becomes wet. When the worlc is done properly end racking
is desirable where stock is cspecially subject to biue stain. The total
length of time that stock is end Tracker depends on the weather;
3 to 10 days is a usual range. It should be long enough to permit
the drying necessary to prevent blue stain and the stock should then
be flat piled immediately to keep warping and checking to a
minimum,

The species of wood most commonly end racked are sap gum,
yellow poplar, and magnolia.

Y See footnole 4,
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CRIB PILING

Occasionally lumber is crib piled. Such a pile, which is in the
form of a hollow triangle, permits rapid drying, but it has the dis-
advantage of requiring excessive space und the method is liable to
result in consiclerable degrrade becnuse of checking, staining, and the
wurping that comes from lack of support.

DIMENSION STOCK

DEFINITION OF DIMENSION STOCK

Dimension stock is the wood stock of the different sizes and shapes
required by wood-using industries in the manufacture of fabricated
. articles, such as furniture and turnings. It varies in thickness from
one-half to 6 inches, in width from one-half to 8 inches, and involves
lengths up to 8 feet. Most of the stock, however, consists of sizes
less than 3 inches square, or the equivalent in cross-sectional area, and
less than 4 feet in length.

To fucilitate handling, it is more or less common practice to bundle
the smaller sizes,

SOLID BUNDLES

A pile of solid bundles is shown in Plate 13, A. Although the
sticks within cach bundle are in close contact, the bundles are sep-
arated by stickers. This method of bundling is rapid, and it prob-
ably holds small squares straighter than when stickers are used
within the bundles. It the stock is susceptible to stain, however,
this defect is almost certain to develop.

STICKERED BUNDLES

Stickered bundles are shown in the upper part of Plate 13, B. In
this type of bundle the air may circulate more freely over each stick
so that the rute and uniformity of drying will be better than in a
solid bundie. In some species and sizes, however, the tendency to
warp is so marked that the resulting degrade is excessive; the amount
of the loss involved seems to indicate that in such cases the stock
might better e dried in the board or plank form; the lumber could
then be recut to any desired size,

COB PILES

In a cob pile the stock is not bundled but is stickered with itself
in about the same manner as that of the piles shown in Plate 14,
except that the number of picces in u layer 1s the same for all layers.
Cob piling permits a larger amount of stock to be stored in a given
space, but it is conducive to slow drying,

STOCK STICKERS OR SPECIAL STICKERS

The choice of the kind of sticker involves a compromise among
economy of spuce, drying time, and degrade. Obviously. the thin-
ner the sticker the more the stock that can be piled in 2 given space,
and within limits, the thicker the sticker the faster will be the dry-
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ing rate. The most desirable drying rate will vary with the species
of wood and the size of stock; 1t depends upon whether the domi-
nunt defect is likely to be checking or staining. The use of special
sticleers offers a flexibility in piling, not only in different piles but
also within the same pile, that may preve advantageous at times.
Further, special stickers can be previously dried, so that the sap-
wood in contact with the stickers will be less Hable to blue stain.

Plate 14, A, is un example of good piling practice where self-
stickering is required. The placing of stickers at the ends of the
stock and the vertical alignment of stickers are points to be particu-
larly noted betause of their tendeney to reduce end checking and
warping.  With squaves that are likely to surface check it may be
advantageous to minimize this defect by placing each piece so that
the quarter-suwed surfaces are horvizontal: that is, in direct contact
with the stickers. The plain-sawed surfaces, of course, are then
vertical, and the adjacent surfaces of all squares in the same layer
are close together. By this means Lhe drying of the plain-sawed
surfaces may be retarded sufficiently to reduce checking. QOrdinarily
the danger of checking of quarter-sawed surfaces is negligible.

LAP PILING

Plate 15, A iHustrates w piling method sometimes used for flat
stock.  ISach successive piece overlaps the one below it, so that only
two tiers of stickers, one at ench end of the pile, are required.

SEASONING SHEDS

Lven though stock of a given species may not be subject to blue
stain, it may. if exposed to the sun and the rain, become so badly
wenther stained that the discoloration will not be taken off in ma-
chining.  With hagh-grade stock, therefore, seasoning in a shed such
as that illustrated in Plate 15, B, may be profitable. As with un-
sheltered lumber, the f-undations should be firm, durable, and high
enough to afford adequate circulation of air under the piles,

LATH

Apparently one of the most satisfactory methods of piling lath
for aitr sewsoning consists in placing the bundles about 8 Inches
apart on ¥ by 4 inch stickers. The lowest layer of bundles is sup-
ported about 2 foot above the ground, and a tight roof is provided.
Such a method is not entirely satisfuctory, however, for in damp
weather the Iaths near the middle of a bundle, which usually consists
of 30, dry so slowly that they blue stain. In one instance, after air
seasoning for 32 days in early {ull, the average moisture-content
values of u lath from the outside and of one from the center of a
sundle were 1T and 182 per cent, respectively. The lath of high
moisture content was heavily blue stained throughout its length ; the
other one was bright.  The difficulty in preventing bLlue stain in lath
is probably greater than with a timber of the same size as a bundle
of lath, because, If the snrface of the timber is dried quickly enough
to prevent the stain from getting a foothold, the inside is likely to
be free from attack. On the other hand, fungous spores can easily
enter the interior of a bundie of Iath,
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Blue stain in the air scasoning of Inth may perhaps be reduced,
possibly through a modification of the method of bumdling ov
through. chemical dips, but at present the only positive meuns lnown
for }nnventing the development of blue stain in lath, as in lumber, is
artificial drying.

RAILWAY CROSSTIES
METHODS OF PILING

The general principles involved in preventing decay and check-
ing of Iumber are applicable likewise to railway crossties and other
timbers. The tie problem, however, is somewhat more complicated
than the lumber problem because of the larger size of the indi-
vidual piece. ‘Thus, the naturally slower drying rate of the interior
of crossties, as compared with fhat of boards and planis, is con-
ducive to the development of decay in untrented tios. Further,
the greater difference in drying rate between the inside and the out-
side of a crosstie tends to cause a larger amount of checking. On
the other hand, more checking is permissible in crossties than in
lumber of the upper grades, and uniform drying throughout is nok
required, since in general vnly the outer part of the tie is treated
with preservative, and the primary purpose in seasoning such tim-
bers is to make them tale o satisfactory preservative treatment.

Plate 16, A, illustrates the 11 by 11 method of solid-piling ; the tics
in ench successive Iayer arce at right angles to those in the layer be-
neath. With this method, surface checking is not so likely &o
oceur, becuuse of the relatively slow deying resulting from very
stow circulation of air throngh the pile. The method may be used
safely only where there is practically no danger of deeay, and in
practice is used chiefly for treated ties.

Another type of pile, known as the 10 by 1 form, is shown in Plate
16, B. Hecause of the more open characfer of this pile, more rapid
drylng may occur, with an increased amount of checldng and z
decreased amount of decay resuiting,  Somewhat more rapid drying
may be expeeted from still ‘more open piling like the 7 by 2, and
siinilar kinds.

Special stickers to separate the layers of crossties have been used
in exceptional cases,

The particular method of piling best adapted to any given sea-
soning yard depends upon such factors as species of wood, yard sife,
and weather conditions, and on whether the dominant defect is decay
or checking. In one yard where drying conditions are especially
favorable and the species of wood involved, lodgepole pine, is not
very refractory, surprisingly good results are said to be obtained by
piling the ties in rows like cordwood, all pieces being parallel, At
cach end of each row & erib or a solid pile is crected.

The towest layer of ties sometimes rests dircetly on the ground.
"This practice generally is objectionuble because it is Hable to result
in slow drying and decay. To avoid this difficulty, it is advisable to
pile the lowest Iayer on treated stringers a foot or more above the
groune,

Crosstie piles may be 10 to 16 feet high, the spucing bebween
adjacent ties varying from less than 1 inch up to 4 inches. A few
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companivs wre erecting piles 30 feet high or more. Often the piles
are erected in rows 30 or 0 feet long, with practically no space be-
tween piles. The rows, however, are spaced 3 to 5 feef apart,

END COATINGS

Adthough the use of coatings to prevens the end cheelting of cross-
tiess hns not been investigated extensively, it seems quite possible that
a tmowsture-retardant coating, such as roofing pitch or as the filled
hardened gloss oil referred to on page 40, may prove advantageous
i the seasoning of crossties as well as in that of Tumber. To secure
the maxpmum benefit, the conting should be applied before the tie
has hegun to check,  The foregoing relates to the problen from the
standpeint of checking only. Oue operator reperts sutisfactory
results from brash treating the ends of crosstics with hot creosote
i order Lo prevent decay: the spots where other ties cross a bie
should also be brush treated.

ANTICHECKING IROKS

Two forms of irons designed to hold the ends of crossties intact
igainst cheeking are in more or less conmmon use: they are known
respectively as erinkle irons and S-irons.  Which of tlic two fo use
appears to be more or fess a matter of individual preference.

SEASONING PERIODS

The seasoning time alowed for crossties by diffevent operators
varies considerably with the species of wood, as shown in Table 4.
‘The methods of piling, ranging in some instances from 10 by 1to 10
by 10 Tor the same species in the same region, appear to vary with
the personat preference of the individual operator. The seasoning
periads for the same species also show considerable -ariation, even
after allowing for the natural difference between summer and winter
rafes of sensoning. Of conrse diflerences in loeal conitions, such as
wind and humidity, often require great differences in seasoning
periods, yel even these factors fail to account for all the variations,

TanLE d~-Nunnnary of scaxoning periods carployed by different treating plunts
for railway crosstics of various species

Erweips of wood NReglon Method of plling | 'I'ime of seaspning U’

£
Atlnntie coust Y ! 5108 months.
B0 e ""‘1{[41!-'& sSisies. X .| %10 12 months,
Atlnntic cons 4 -l G to 8 montchs.
Nireh, yellow W Latke Stales. 3 1 4 tnonths,

R { - A ; | 4 10 12 months.
}iﬂ to 1% months.
G to ¥ months,

colgl i months,
i| I'neifte const.. ... el - - 3 months,

6 months,

| o L . 1o 12 months,
[ ! » . 40t 12 months,
Y

Doupias fir, mointain 4 About B months.

. o .
e tOn IO BY . L1000 Yt 1y months,

1 \\‘ii:eu periods of ditferent length are given for the samo species the shorter ones include the swmmer
monils.
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TABLE d—Summary of scasoning periods employed by different treating plants
for railway crosstivs of wurious specics—Continucd

Species of womnd Hegion . Method of pillag | ‘Phine of seasening

Tlenmtioek, CRSIOTN . cau. . <orenoaan U LK SRR, . e eiaane. 10 DY ' 81p 12 months.
tHemtock, waslorn. .. lloeky Mountaing.. ... ] 12 monk s,

Larch, WOSHOIH cu veraremsmnanm e rimnean B0 aecmmeccaca e » § to 12 monlls.

Atlnniie const fi to 8 months.
Loke Sintes fmonths,
. . B to 12 montha.
(R PR 11 | 12 montiis.
PP (1 30 [ EP 8 tmontlis.

FRUE R [ T, 14 to 1B months.
6 ko & months.
.| 12 months,
4 to 4 months.
.| 4 menths,
B to §2 months.
3 0 1 months.
tmonths,
| 8 to 1) months,

Maphe... .. aimee i renaa—-

A F IR,

e e

Onk, 1l ceimerrcmmmmm e man)
Ouk, wibile. ... .-os
Pino, lodgepole, . ..ol
Plue, southors yellow. ..o

1]

Dlhlddlo West .
[!inuky Mountnins
YL I T
Atlaotic con<t.. .
{Rock}' Alpuntnins

Mg, western yollow o HLoaol oL

Sprirce, Bagelnnon. oo

POLES
METHODS OF PILING

In some cases green poles ave piled so high and so close together
that sensoning is greatly retarded, especially when the lowest lnyer
rests divectly on the gronnd.  In order to hasten the drying rate
one large producer of poles has developed the method of piling shown
in Plate 17. The piers and beams, which are creosoted, support
the lowest luyer of poles abont 2 feet above the ground. Sueces-
sive layers of poles are separated by treated stickers about 4 inches
thick. = A chimuey 2 feet wide is left in the middle of the pile from
bottom to top. The poles, in this case southern yellow pine, are
sensoned nhoul two months during the summmer or four months
during the winter, prior to preservative trentment; in some parts of
the United Stales a scasoning period of four to six months or even
more is considered desivable. The time permissible is determined
lurgely by decay conditions.

SEASONING PERJODS

Table 5 gives the reported seasoning periods allowed for air sea-
soning of poles of several species from the green condition to the
averagn moisture-content values indicated.

Tanre G.—Time allowed for air-scesoning poles of western red und northern
white redur wil the final moisture-content valucs

} | . | Timegf | Finad
Bpecies ! Locality ’ Eg;:;l; senson- | mmoistora

, . ing coptent

1

i I Fnches : Yenrs t Percenl
W astArT T3] BT e e ceeim s oo emmammmman mammeeaee HlAREGL i 7 k 15
Ot mmm e mgweammmms par P | TR, ; Tia i 21
Morkbers white cedar. ... ) Wisconstn. . ocoe. 7}‘_—} 2 27

Figure 11 shows air-seasoning curves for chestnut poles in a Mary-
land vard. In this case the final moisture content, although satis-
tactory, wax so high that only a neghgible amount of shrinkage
had oceurred.
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TIMBERS
METHODS OF PILING

It has been common practice to bulk pile timbers unprotected, ns
shown in Plate 18, A. This practice has resulled in heavy losses
on acconunt of stain and decay, especially if the timbers were exposed
to rain for some time just before being loaded into vessels for long
ocean shipment.  Some operators. however, are now finding that
the cost of properly storing timbers on stickers and under an open
shed is well vepaid; the timbers are so stored that they have oppor-
tunity to dry constderably, at least on the surface. (PL. 18, B.)

END COATINGS

As with luember aud crossties, the use of moisture-relardant cout-
ings to prevent checks in timbers may be advantageous {p. 40).

% L B R
g Wifer cut
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Fiovor Ll-—Alr-sensoning corves for chiesinnt oles cuitt at different times of the yenr
DEYING DATA

The drying curves for 12 by 12 inch by 24 foot southern yetlow
pine and Donglas fiv tinbers, air seasoned in an open shed for two
years at Madison, Wis,, appenr in Figares 12 and 18; these are
species commoniy used for structural timbers. The timbers were
piled on 2 by 4 inch stickers and were spaced € to 3 inches apart,
The retarding effect of winter weather conditions on the drying
nte is very evident.

During July., 1922, the precipitation was 53 per cent above normal,
and the sunshine was 18 per cent below normal. On the contrary,
in Qetober, 1922, the precipitation was 73 per cent below normal and
the sunshine was 83 per cent above. These conditions appear to be
reflected in the curves (fig. 12), which show more nearly uniform
seasoning during the period July te Octeber than would ordinarily
be expected.  Likewise, the relatively slow seasoning rate of the
Douglas fir timbers during March, 1923 (Gig. 12, B), is probably
attributable to the fact that during that month the temperature was
.Lg per cent below normal and the precipitation was 87 per cent
above.
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POSTS AND CORDWQOD

Posts and cordwond are often piled solidly, all pieces being parallel.
This method of course is most. liable to produce decay and least linble
to produce checking. More rapid drying is likely to result if the
pieces are piled in the form of a hotlow square, the so-called log-
cabin style. This method is liable to bring sbout an increase in the
amount of checking, but with cordwood checking is not objection-
able; the chief disadvantage of the method is that it requives u great
deal of space. A modified log-cabin piling gives almost as good
results and cceupies much less spuce. In the modified method the
pile is self-stickered, cach layer resting on single pieces at opposite
ends of the pile.  {PL 19, Al
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COOPERAGE
STAVES

The piling of staves in the form of a hollow square to secure
rapid drying is shown in Plate 19, B. With this method of piling,
90 days is ordinarily required to nir season 2-inch staves satisfac-
torily. The staves are half-lupped, so that the weight of the upper
ones does not tend to change the desired curvature of those support-
ing weight.

HEADING

A method of open piling, which is particularly adapted to head.
ing, is shown in Plate 20, A. Here the picces are piled approxi-
mately in the form of a hollow cylinder. In some instances the
top of the pile is built up in the form of a cone for the purpose of
providing some protection against rain.

YENEER

Only o relatively small amount of veneer is air seasoned. Most
of it iy dried either in standard dry kilns or in special mechanical
driers.
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Two methods of piling thick veneer for air seasoning are shown
in Plate 20, B and C. In the first method the courses of veneer
are stucked on cnd, separated by stickers, and are given some pro-
tection from sun and rain by a roof. One modification of this
method was observed in which the stickers were vertical and the
pieces of veneer were racked on edge. In the second method the
vencer is flat piled on sticikers in & manner similar to that in which
boards are commonly piled. A third method is to suspend the sheets.

DRYING RATES AND FINAL MOISTURE CONTENT
EFFECT OF CLIMATE

As already explained {p. 17), temperature and humidity affect
both the drying rate and the equilibrium moisture content of wood.
From this it follows that a hot, dry climate, such for example as
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that which prevails in the Southwest, is much more conducive tn
o rapid drying rate and lower final moisture content than, for
instance, is the damyp climate of the redwood region of California.

EFFECT OF SEASON OF YEAR

The influence of summer and of winter conditions on the drying
rate and the final moisture content of wood is clearly shown in Fig-
ures 12 and 13, which have been discussed previously. In another
instance some 1-inch birch boards were air seasoned from the green
condition to a moisture content of 15 per cent in about six weeks
during the summer, but during the fall they absorbed moisture, and
by December 1 the moisture content had increased to 20 per cent.

EFFECT OF SPECIES OF W0OOD

Some species of wood differ markedly in their rates of drying.
In northern Wisconsin, for example, 1-inch basswood is reported to
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dry in about one month less time than i-inch muple does. The
maximum difference in the final moisture-content values of li-inch
boards of the various common species, however, is probably not more -
than 2 per cent when the boards ave subjected to the same air-season-
Ing conditions for a time sufficient to bring them to equilibrium con-
ditions,

EFFECT OI' THICKNESS

Some 2-inch southern swamp white oak planking required 270 days
to air season from 70 to 28 per cent moisture content at Madison,
Wis. Under similar conditions the corresponding drying time for
4%-inch oak wagon bolsters was 464 days. After 379 days of sea-
soning the final aversge moisture content of the 9-inch plank was
16 per cent and after 710 days the corresponding moisture content of
the 414-inch bolsters was 19 per cent. Records for certain western
softwoods indicate that 1-inch stock may air season in half the time
requirved by 2-inch stock of the same species, An approximate rule
appeats to be that the rafe of aiv scasoning for different thicknesses
of stock of u given species ranges from the proportion
&_T,

RR T2
to the proportion

By [Ty

R, VT
in which the 7”s represent respective thicknesses and the B’s represent
respectively the corresponding drying rates. The rule applies to
thicknesses not less than 1 inch and not exceeding 414 inches.

Duata sufficient to show the effcet of air seasoning on the equilibrium
moisture content of stock of different thickmesses are not available.
In o series of experiments on partially air-dvy white ash, however,
the picces were exposed in a room at approximately 80° F. and 90
per cent relative hwmidity. The 1-inch stock then absorbed mois-
ture up to an average value of 23.8 per cent, while the 3i4-inch
stock reached a moisture content of 3.3 per cent under the same
conditions. When the stock was dried in a chamber at 120° and
28 per cent relative humidity, the corresponding meoisture-content
valnes of the I-inch and the 814-inch pieces were 5.8 and 6.5 per cent,
respectively. So far as white ash is concerned, therefore, it appears
from the foregoing that thickness has a negligible effect on equi-
librium moisture content under the constant conditions noted. On
the other hand, if the stock were exposed where the temperature
and the humidity fluctuated through a considerable range and re-
mained uniform only for brief periods, the effect on the moisture
content of the intertor of a thick piece might be reduced. Conse-
quently, the average equilibrium moisture content of a thick piece
might remain higher (or lower) than that of a thin piece of the
same wood in localities where the weather changes frequently.

EFFECT OF SAPWOOD AND OF HEARTWOOD

The curves in Figure 14 indicate the change in moisture content
of labiolly pine eross arms, both sapwood and heartwood, Initially
the sapwood cross arms had about twice as much moisture as the
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heartwood, but at the end of five weeks both had reached the same
moisture content. At the end of six months the moisture content
of the sapwood was 23 per cent, while that of the heartwood was
31 per cent.  If the experiment had been continned for another six
months, it is probable that the difference in moisture content would
have been wuch smailer.  With some species the upper grades con-
tain more sapwood than heartwood, and in order to secure the most
rapid drying rate for such grades it may be advantageous to segre-
gate them from the lower grades.

EFFECT OF LOCALITY OF GROWTH

Data covering the comparnlive air-seasoning rates of drying and
the final moisture-content values ot boards cut from trees of a given
species, grown in different localities, are not available. In Liln
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drying, however. it has been found that southern swamp white onk
dries much more slowly than northern highland white oak does. It
seems probable that a similar difference would exist if the two kinds
of stock were air driced. and also that the difference in equilibrium
moisture content would be of no practical importance.

EFFECT OF YARD LOCATION AND} ARRANGEMENT

In Louisiana are two hardwood yards owned by the same company
and located ubout 10 miles apart. One is at a slightly lower eleva-
tion than the other and is surrounded with trees, which tend to re-
duce the air movement through it. This yard is approximately
square, while the other one is relatively long and narrow, with ifs
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long dimension across the direction of the prevailing wind.
in a

would be expected, the conditions in the square yard result
slower drying rate than do those in the ngrrow one.

In another Louisiana hardwood yard piles of vavious lengths were
located side by side under conditions the same except for pile length
and relative position. It was noticed that where a 10-foot pile was
to leeward of a 16-foot pile, the circulation through the short pile
was returded sufficiently by the obstructing pile to cause wore blue
stain in it than in the obs(ructing one. In addition to the retarded
circulation, the slower drying of the 10-foot pile may in some meas-
ure have Dbeen caused by a higher humidity resulting from the
moisture carried over from the windward pile. Although actual
deta in this instunce are not available, it is probable that the finul
moisture vontent of the 10-foot pile was appreciably higher than
that of the 16-foot pile.

Although the two cages just cited were in o particular locality, the
factors mentioned are likely to have an important effect on the air
seasoning of lumber in other regions,

SELECTION OF THE PILING METHOD

The effect of piling methods in reducing check, blue stain, and
decay has been discussed in n previous section. Further. the point
has been niade that & piling method that permits rapid drvying is
liable to cause checking. and also that too slow drying is conducive
to the development of blue stain and decay. The various factors
that bear on the choice of a piling method are simmarized in Table 6.

TABLE O.—Pifing methods that mininize the ocenrreice of the more common
wir-geasoning defecls

Procedure for teducing the oveurrence of —

Loeattow of defecl |- =~

Bue stain and deeay Cheeking Warping

Throughout tha pile

The lower parl of
tha pile only.

Raise the foundntions.

luerenss  the  spaeing be-
tween bonrde andd between
piles.

Trovide one centrol flared
ehimuey of u series of
nArTow ehimuneys.

Tse thicker, narrowsr stick-

ors.
MNarroww Lho plles,

Provide short chimneys
{one-third or ona-hall
nieight of pile],

1se thicker stiekers In tho
luwer part of the pile.

| Lower the foundations,

Pecrease  Lhe spacing  be-
Lween boards and betsween

piles,
Use thinner, narrower stick-

£rS.

Plnee the end stickers so
thal they project beyond
the ends of the plle,

Use et coatings and antl-
checking itons,

Use stickers of upifarm
thickness, properly
aligned  and  sup-
ported,  end  sufli-
cient in nutmber.

SPECIAL TREATMENTS

PRELIMINARY STEAMING

The usual object of steaining lumber before it is piled in the yard

is to heat the stock so that when it is piled outdoors the surface
will dry rapidly to the point at which blue-stain fungi can not
develop. ‘This point, according to present information s approxi-
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mately 20 per cent moisture content. If the iumber is exposed to
diamap weather immediately after the steaming process, }mwevor,
the destred drying ean not ocenr, and consequently stain is likely
to vesult. Similarly, the desived drying does not occur if the stock
s handied improperly immediately after the period of steaming; the
stock must be open piled just as soon us it is cool enough,  Pre-
liminary steaming at 180° I and 100 per cent relative humidity for
four hours per incli of thiclaess is effective also in killing auy fungt
already present in the green stock.'®

Preliminary steaming for the foregoing purposes is advantageous
with the sapwoods of red gum, poplar; and magnolia. On the other
hand, such steaming is very detrimental with such woods as cypress
and onk, becanse of their marked tendency to check.

It is common practice to steam the sapwood of blaclk walnut so
that its color will be darkeuved and will more nearly resemble that
of the heartwood.

DIPPING

Many southern yellow pe mills have equipment for dipping
green lamber in a solntion of n chemieal, such as sodium carbonate or
sodinm, hicarbonate, or a mixture of such chemicals. This treatent
appenrs to reduce the danger of blue stain during subsequent aiv
seasoning,  The exact nature of the action of the alkaline chemical
i5 not definitely understood, but the alkall is supposed to counteract
the wood acids that arve favorable to the development of blue stuin.
In dry weather a & per cent water solution and in damp weather an
b per cent waler solution of sodium carbonate is considered satis-
tuctory: the corvesponding figures for sodium bicarbonate are 5.5
and 11 per cent, respectively. With either alkali the solution should
be lept nt [10° I8, The concenfration and the temperature of the
solution appear to be important factors in securing t]hc best rvesults;
these fuctors may change materiaily during use of the dip, and
henee should be observed frequently, When necessary they should
be returned to thetr proper values.

At some mills the green chains carry the boards to and from the
dipping tank, while at others the boards ave conveyed on dollies
From the green chain to the dipping tank.

Both spraying and dipping are used also for southern yellow
pine timber. Dipping only is occasional in several lumber regions.

STORAGE OF DRY LUMBER
GENERAL

Previous discussion in this bulletin has emphasized the importance
of having the moisture content of lumber suitable for the use require-
ments of the stocl. Obviously the moisture content of stock as it
is placed in service is affected by the practice of the manufacturer,
the wholesaler, the retailer, the fabrieator, and the contractor. Any
one of these five can undo to some extent the good work of the
others. Tt will avail little, for example, to have the first four fol-
low correct practice if the last one then nullifies their results by

¥ Farther detalls are given in Depertment Circular 421 (3},
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subjecting such itews as flonring, doors, windew frames, and sash
to weather conditions.  Qgedinary atmospheric conditions cause an
inerease in the moisture vonient of lumber properly dried for in-
terior use, and then shrinkage oceuwrs when the heating system of
the completed building is put into operation. Cracks 1n floors and
around windows and dours certuinly are nob an asset in maintain-
ing salisfuction in the wse of lumber, and nveither are warped
duors.

On the other hand, ¥ {he muanuTacturer dries the lumber im-
property any or all of the others who hawdle it ean improve the
moisture condition of the stock considernbly by memns of heated
starage. ‘The retailer or the fabricator, for instauce, can lavgely
and somethmes completely correet through heated storage any im-
praper motsture lreatment by the manufectuwrer or the wholesaler.
Purchase speetfieations, which shoukd be employed, will place defi-
nitely the vespounsibility for final results that is now divided at
random umong all those wha contribute to the finished product.

OPEN YARDS

Since in most regions there is considerable difference between
summer and winter vadues of equilibrium. moisture content, it may
be advantageous in some cases to balk pile in the yard stock that
has becoine tharoughly ate-dey during the summer, m order to pre-
vent or to reduce the absorption of moisture during the winter. If
however, the locality under consideration s subject to heavy snows
or driving rains, a better practice is to allow the stock fo remuin on
stickers.  In either case a tight roof shoukl be provided.

SHEDS

Piling stock within a shelter obviously affords it protection better
than the best possible in an open yard. In Plate 21, A and B3, are
shown the exterior and interior of a shed ndapted to flat bulk piling.

Some of the studies previously referred to in this bulletin have
indicated tlie reasens tov variation in the moisture content of lumber
when it is taken frow the yard. Other studies have indicated the
range in moisture content of air-dried and of kiln-dried softwoods;
when the average moisture content is the same, the range s greater
for the kiln dried than for the air dried.

Additional data pertaining te certain softwood sawmills are avail-
ahle to show that, it the stoek is bulk piled in a closed storage shed,
the range in moisture content ean be materially reduced. For in-
stance, numerous molsture-content values determined for certain
grades of kiln-dried softwood flooring ranged from about 2 to 30
per cent, with an average of 7.1 per cent.  After being bulk piled for
30 days in partly open sheds the range was from about 2.5 to 18,5
per cent, with an average of 8.5 per cent. Further, the increase in
moisture content of lumber in sheds may be less than if the stock is
storect in vards. Incidentally. an added advantage of bulk piling
in a closed shed is that the lumber is kept cleaner than when it i
exposed fo rain and dust.
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HEATED STORAGE

If, after nir seasoning or kiln drying, it is necessary to prevent
an increase in inoisture confent, the desired result can be accom-
plished by bulk piling or by open piling the stock in a heated build-
ing. The same means may be employed also to reduce moisture
content. When this result is desived the stock should be piled on
sticleers rather than bulk piled, if the duration of the storage period
is to be minimized. Such a method of drying is particularly suit-
able where dry kilns or skilled operators are not available. It ig
also advantageous wheve a high degree of refinement in the quality
of the finished product is necessary. Such excellence is essential,
for instance, in fine handwork and in instruments ot precision. With
articles like jewel boxes, fevel rods, and shide rules, for example, in
wiiich micety ol construction, appearance, and service ave primve re-
quisites, the cost of drying the material properly is negligible in
comparison with the value of the finished product.

As an offset to the suving in time that would be obtained by kiln
drying, the simplicity of equipment and operation of heated storage
maty In some eases prove an important consideration. Probably 16
is teasible to maintain or even to attain a considerable range of de-
sired moisture-content values, corresponding to certain relative hu-
midities, simply by eontrolling the temperature, which in most cases
would probably be frem 50° to 100° F.; the relative humidity of the
air, and in consequence the moeisture content of the stock, would
decrense as the tempernture increased,

Gas-burning or ml-burning equipment is w convenient boiler ac-
cessory for heated stovage, especinlly on those days when heat is
vequired o contrel the moisture confent of the lumber and for no
other purpose.

Plate 22 illnstrates a portion of the interior of o heated brick
building in use by a wholesale distributor of hardwood and softwood
lumber.  Plate 22, (', shows the nrrangement of the wall radiators,
anc Plate 92, A and B, indicate the method of bulk piling hardwood
flooring about 3 inches above the concrete floor and with an oe-
asionnl layver of stickers to stabilize the pile. If at all feasible to
do so, it would be Letter to pile the stock at right angles to the
position shown and several feet from the wall radiators. Such a
change in the position of the pile would permit air to cirenlate more
readily under the pile and toward the radiators, thus keeping the
lower layers of stoclk drier and af the same time preventing over-
drying ot the ends of the boards,  This building stores both air-dried
and kiln-dried stock; for a quality product, heated storage is desir-
able from every | oint of view.

ADDITIONAL DETAILS
SPECIFIC GRAVITY AND WEIGHT OF WOOD

In the last three columns of Table 3 are given the average spe-
cific gravity (based on oven-dry weight and green volume) and the
weight per cubic foot of green wood and of wood at about 12 per
cent moisture content for clear snmples of various species growing
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in {he United States. Because of variations in the actual size of
pieces of lunber of the same nominal size and for other similar rea-
sons the figures can not be used to calculate accurately the reduc-
tion in weight of lumber during seasoning. They are useful, how-
ever, in making rough cstimates of this factor.

CHANGE IN MOISTURE CONTENT OF LUMBER DURING RAIL
TRANSIT

Studies on carload shipmentis of air-dry western white pine and
white fr from the Inland Ewmpire® to the Chicago terrifory have
shown negligible chunges in moisture content during transit. The
moisture-content vatues at the time of shipment ranged from 15 to
93 per cent and the changes in moisture content during transit
ranged from a gain of 0.2 to a loss of 2.4 per cent, the change in
most eases being less than ¥ per cent. The conclusion was_reached
that if stock at » satisfactory moisture content is loaded into a
tight box car, the stock will reach its destination i practically the
sante moisture condition.
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