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INTRODUCTION

IMPROVING THE UTILIZATION OF OUR FOREST CROP

The Forest Products Laboratory has for many years been engaged
in studying ways and means of obtaining the best return from our

* The Forest Products Loborators acknowledges the cooperation of the Southern Pine
Asasoetntlon ; the Lutkin Land & Lumber Co., of Tafkin, Tex. ; the Centrol Conl & Coke Ca.,
of Conroe, Tex. ; and ths Kau! Lumber Co,, of Tuscilgosa, Aln, whose active partieipatlon
in the survey, the practical tests, and the demenstrations carried out in the course of the
tnyestlgntion weore of material assistance, Tlie laboratory is elso lodebted to & pumber of
otlier gouthern yellow pine manufacturers, who assisted in diverse woys duving the surveye
anil the experlmenfs reported In this bulletin. The writer acknowledges especlally the
work of A. C. linnnss, who as nn cpEineer at the Forest Prroduets Laboratory couducted
the survey of 1022 nnd made the early experiments at commercial planty.

1 Malninined vy the United States Department of Ageieulture at Madison, Wis,, ln co~

epergtion with ithe Tnjverslty of Wiscousin,
T8732°—30——1 i
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for:st Yand, especially through the reduction of waste in using the °

forest cﬁop. The fullest utilization of this crop not only requires
intilligept felling and logging methods in the forest but also

requiies that the highest vield be obtained from the log. In lumber -
manufacture this means the highest possible yield of lumber, both

in quality and quantity. The utilization of low-grade lumber is one
of the key problems in the practice of forestry: the demand is for
high-grade material. If poor seasoning reduces the grade of lumber,
then mors trecs must be cut to supply the demand ; hence u needless
druin, since poor seasoning is usua ly preventable.

Improvement in semsoning practice will increase the net forest
yield through reduction of waste; it will help to retain the potential
value of the crop through reduction of seasoning defects. Further,
although the inherent properties of & piece of wood are determined
initinlly by the species und growth eonditions of the tree, these prop-
erties can be modified through proper seasoning treatment, and
Iumber can thus be made mors suitable for its ultimate use require-
mients. Hence improvement in sensoning for suitability, in addition
to improvement in seasoning to decresse actunl waste, will agein
meke for better utilization of our forest crop.

AVAILABLE :¥FORMATICON ON KILN DRYING

A large amount of information on the kiln drying of Inmber is
available (1,8, 4, 5,6,7, 8,9, 10, 11)** Some of it, Eowevar, is too
genernl in character to meet specific needs fully. The southern vellow
pines, like many other species, have certain problems pecufiar to
themselves, making a definite and detailed treatment of those prob-
lems desirable for best results in kiln drying.

Until quite recently it was assumed in the trade that the degrade
resulting frow the kiln drying of southern yellow pine was very
low. However, o survey of seasoning practice and degrade made
by the Southern Pine Association in 1921 and a similar survey made
by the Forest Products Laboratury in ecoperation with the Southern
Fine Associztion in 1892 brought ‘out the fact that the actual drying
losses were mueh greater than had been supposed, and the oppor-
tunity for improvement then became obvious. It was estimated in
1922 that the manual loss from kiln-drying degrade suffered by the
soutbarn yellow pine industry approached $10,000,000. The prac-
tical seasoning experiments that were initinted after the two surveys
had been completed demonstrated that the ndoption of the best kiln-
drying practice for the seasoning of southern yellow pine was tech-
nically and economically sound.

SCOPE AND OBJECT OF THE RULLETIN
The purpose of this bulletin is to present briefly the general prin-

ciples of kiln drying and then to show the application of these prin-
ciples to the kiln cﬁ'ying of southern yellow pine lumber. Specifi-

¥ Italic numbers in prroptheses refer to " Lilevature olted,” p. 00,

*The Kby Drylng Hentbook (5) presests a fill disenssion of e general subject of kllu
drelpg. It contalns deseriptlons, move detaileg Hinn those nfferad] here, of sneh matters an
the teehnle of wmolsturedetormbimtion mud of molstere-diateibution tests, l'(\llm\'imf dﬂltliy
drying yates by menns of sumpley of known fntdal molatiive content, daterinining humid-
ity in the ki, and the consiruction und operatlon of vavious kinds of kin equipment,
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cally, it is intended to show {1) how to control drying conditions in
the kiln, (2) the proper method of handling stock before and after
kilnn drying, and {8) how observance of proper kiln operation and
handling methods is economically advantaseous.

FUNDAMENTAL PRINCIPLES OF KILN DRYING SOUTHERN
YELLOW PINE

BEHAVIOR OF MOISTURE IN wWoOD

MOISTURE IN THE WOOD

The seasoning of lumber may be considered chiefly as the remowval
of the excess moisture in the wood, thereby making the material more
suited for its ultimate nse. In the stunding tree the moisture, which
is commonly called sap, serves to distribute food and thus assists
growth, but after the tree has been cut the moisture is superfluous.
In commercial sexsoning, however, some moisture is left in the woed,
although most of it is removed.

TRANSFUSION GF MOISTURE

Moisture is held in wood in two ways: (1) As free water in the
openings ot cell cavities and {2} ns imbibed water in the cell walls.
When drying commmences the moisture dries out of the cell cavity
fivst and then dries from the cell wall. All moisture removed, of
course, is carried away from the exposed surfaces; the moisture
moves from parts of high to parts of low moisture content somesvhat
us a fluid travels along a wicl. The structure of wood results in
resistance to the flow of moisturve; this resistance varies widely
anmong different species. Southern yellow pine does not offer so
much resistance to the movement of moisture as many of the other
softwoods do, a point that simplifies its sessoning problem very
materially. At the same time the resistance to the passage of mois-
ture has wn importont bearing on shrinkoage, and shrinkage czuses
most of the ditheulty encountered in seasoning, whether it is in pine
or in other species.

FIBER-SATURATION I'OINT AND SHRINKAGE

As green wood dries. the cell cavities become empty first and when
they are entirely empty the cell walls start to dry. As long as there
is any water in a cell cavity that cell will not shrink, but shrinkage
does begin as soon ns the water commences to leave the cell walls.
The stage when the cell cavity is empty and the cell walls are still
snaturated is called the “fiber-saturation point.” Since drying com-
mences at the surface, the outer part of the wood attempts to shrink
firgt but the more moist inner part resists such shrinkage, although
astally without complete success. At this period the surface is m
tension, tending to compress the inner part much as a rubber band
around 2 boolt tends to compress thd book. Often such tension be-
comes severe enough to rupture the surfuce fibers, the results appear-
ing then as surface cheeks and as end checks. Sometines these
checks do not penetrate very far into the pieces, so that later, when
the interior dries and shrinks, they may close, though they never heal.
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MOISTURE GRADIENT

Some shrinkage will develop as soon as drying begins, but it is
only surfuce shrinkage. Should the condition of drying be such
that the surface woulc!fdrv to a very low moisture content ¢ soon after
the piece entered the kiln, g sharp difference in moisture content
would develop between the surface and the parts just below it, on
account of the resistance of the wood substance to transfusion of
moisture. Such & difference in moisture content, which causes 2 flow
of moisture from the part of high content to that of low, sets up the
condition celled a moisture gradient. A moisture gradient is most
conveniently represented by a curve because it is & change in condi-
tion. (Figs. 1 und 2.) A steep moisture gradient practically at
the surface brings about two undesirable effects, snr?ace checking
and surface set. The term ¥surface checking ” is selt-explanatory.
Surface set, which will be explained lnter, causes casehardening, 1t
may cause honeycombing. with or without surface checking, end it
contributes to other conditions that ultimately result in degrade.

Obviously, if stock could be dried without setting up a moisture
gradient, tgen shrinkage problems could be reduced to a negligible
minimum. Actually, however, a moisture gradient is necessary to
create franstusion and drying can not take place without trans-
fusicn, although on the other hand the gradient must not be too steep-
becanse of the bad results that follow excessive steepness. The mois-
ture content at the surface is determined by the drying conditions to
which the surface is subjected, these conditions being the tempera-
ture, the humidity, and the circulation of the surrounding atmos-
phere. It is necessary to consider these fuctors in some detail in
order to understand more fully the part each one plays in the prin-
eiples involved in scasoning,

TEMPERATURE

Temperature is an index of the heat condition of a substance. De-
orees of temperature represent intensities of heat. Temperature and
teat are so closely associated that a discussion of either practically
always involves the other.

CONSUMPTION OF HEAT

Heat is required to evaporate the moisture in lumber as its comes
to the surface of the piece. Evaporation consumes heet, and con-
tinuous evaporation cousequently veguires s continuous supply of
heat. The fact that evaporation consumes heat can be readily under-
stood by any one who has passed around a pile of lumber in an air-
seasoning yard on a warm, sunny day. The air on the side against
which the wind is blowing will be relatively warm, while on the
opposite side and below the pile it will be several degrees cooler.
Furthermore, it the lumber has been freshly stacked and is full of
water the cooling effect will be more noticeable than that around old
piles of nearly dry lumber, because of the greater amount of evapora-

? Moisture eontent may e deflned as the rotio of the weight of molsture present in wood
to the weluht of the dry wood substanee; it is nlwnys expeessed in per cent, Methetls of
determining molsture content will be described luter (p. 46}.
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Froune 1.—A granhieal Ulustrntlon of tlypicnl molsture gradiente, acrogs the thlckness of o
Loard o the euterlug-alr portion of the plie, at four slufes in the drylug of No. 1 (Com-
mun nud Betier southern yellow phine.  The horizontal line nt the bottom of the flgure
cepresenls o line vunming theough the toord from fece e bnek, perpendicular to the
fice, ab any representative pare of the board (e molsture gradients near the edgea and
thie ende of A board differ somewhat from the typical geadient). The polot marked " 0"
representy any tyjdenl point in the foce of the Lonrd.  Eence distances from the vertical
line nt the lefe of the figure, which is cplled the vertical axis, represent distances in
from the Paee of (he boned,  Congequently, esch point on one of the curves represents
the meisture content (sec the scale ut the left) of the wood at the spot in any cross
sectlon of the boped that s indicated by the distanee of the point from the verticnl nxles.
Bneh curve, fhegefore, shows thn elinge in molsture contont alopng n ateaight uath
aruarely through the bonrd, Curve A la intended to represent the molature gradient at
the end of the S-hour peried of Schedule 107 }p. 44), abortly after drying hns com-
meneed.  The melstnre condent in the center of the beard then is wtill very high, but
that ni the surface has pracileally renched equilibrlum with the syrronndlog nteos-
pheve,  The vulue of the moisture content at the saefiee—the houndary cond{tion—Ila
fixed tlu!'luitelly vy the tempeenture of the survounding antmosphere, the hawmldity, and the
tile of clreulating, while the muotsture within the Duawd way differ imore or less from
the volues shown heennse of varlatlon both in the initinl molsinre cuntent nnd in the
cite of deying (which 1s nffected by the structure of the wood), and beenuse of the pLeks
vnge of henetwootl, sapwond, nogd pitelh.  Curve B llluairates similarly the average mols-
tore gradient in o bonrd nfter 45 hours in the kiln, eurve C that after 59 houes, and
curve D that at the end of the ran
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Fiotae 2—A graphiczl !lustration of moeisture grodieots, across the
thickness of o board In the cutering-nic portion of the plle, &t four
stopes (e the drying of Noo 2 Common and lower gradey of soathern
rellow plne. Cuwrve A iz interded to represent the inefature %rndlcnt
at the end of the b-hour pericd of Schedule 108 {p. 44}, yhortly after
drying bas eowmenced. Curve B illustrates simiiacly the avernpge
molature gradient in n_boerd nfter 3G bours in the kiin, and curve O
thnt for ordinary No. 2 Commen atock gt the end of the run. Curve
CC shows the prebable Lual conditlons when ibe schedule has been
madifed, pivigg o blgher fing] molsture coutent, for atock contalalong
Tnege huots,  For further explunstion see Flgore 1
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tion from the green wood. Hot, dry air passing through s truck
load of wet lumber in a kiln will emerge several degrees cooler than
when it entered.

The heat, measured in British thermal units, needed to separate
water from wood by evaporation increases as the wood dries below
the fiber-saturation point. Such increase is small, however, when
compured with the heat necessary to evaporate free water. For ex-
ample, under usual conditions ;ﬁout 1,000 British thermal units is
reqitired to evaporute 1 pound of free water and only about 135 Brit-
ish thermal units addibional is required when the water is absorbed
by wood substance.

THE EFFECTS OF HEAT AT A HIGH TEMPERATURE

The transfusion of moisture through wood is stimulated by heat,
Since in commercial wovlk the rate of drying is limited by the rate of
transfusion and heat stimulates transfusion, it follows that the higler
the temperature the faster the drying, other conditicns remaining
constant.

The moisture-holding capacity of sir is much greater at high tem-
peratures than at low. Beeause of its increased capacity a given
amount of dry air at a high temperature will carry away more mois-
ture than at a low one.

Hent is used to produce circulation of the air in a dry kiln. In all
kilns not equipped with mechanical means for meving the air, cir-
culation is & result of differences in temperature, heat causing the air
to rise and the cooling resulting from evaporation and radiation
losses causing it to fall.

In addition to the foregoing there arve several other ways in which
heet plays an important part in drying. At the temperatures com-
mon 1n kiln-drying southern yellow pine, for instance, heat will kill
the fungous organisms that cause mold, stain, and decay. Further,
heat in combination with moisture makes wood somewhat more plas-
tic than it is when cold or dry, & fact that may be used to reduce
stresses caused by uneven shrinkage. Besides these things, heat
affects both the color and the strength of weod and accordingly
good practice requires that kiln temperatures be kept below the tem-
perature that might cause appreciable weakening or discoloration.
This bulletin, however, is not primarily concerned with any reduc-
tion in strength properties that may result from drying under the
schedules presented herein ; these schedules sre milder than those that
have heen customary for southern yellow pine lumber in the past,

HUMIDITY

Establishing high temperatures in order to hasten drying and then
mainteining relative humidities ¢ that recuce the rate of evaporation
may seem inconsistent. As stated carlier, however, the factor con-

9 The term ¥ relntlve humidity ” refers to the ratlo of moistire pctunily present In the
rir to the maximum vmonnt the ole ean Lold at the snme tem eriture; It is expressed in
per cent.  I'he mnbunt of moisture the air can hold varles with Its temperuture. At soy
dven tempernture the grectest nmount of waior yupor that air ean hold 13 fixed, but nuy
#su amonnt thny this maximom may acenr. Luereasing the temperature of alr increases
ite capaclty for moisture and thue, with the snme nmonnt of water vapor prosent, reduces
the reletive humidity. Lowering the tomperature decreases its moiature-currylng capacity
and therefore Inereases the relatlve humlidity,
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trolling the rapidity of seasoning is transfusion rather than surface
drying, Although rapid transfusion requires a high temperature,
at the same time good drying requires that the moisture gradient
shall not be too steep.

EQUILIBRIUM MGISTURE CONTENT

Wood is a hygroscopic materialj that is, it has the property of
talong up or of giving off moisture according to the conditions to
which it is subjected. Air (or more properly the space occupied
by air) has the same property. If wet woog is placed in a dry
atmosphere the air will take moisture from the wood and if dry
wood is subjected to damp air it will take up moisture from the
air. At any given temperature there is a delinite relation, called
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Flaors J.---Relatlon of the equlllbrivm molsture content of woed to the relatlve
huenldity of the surrcundlhg nlmosphere, at tivee temporatures

the point of equilibrium, between the moisture content of wood and
the relative humidity of the atmosphere when the wood and the
air have been in contact long cnough to reach a constant condition.
An equilibrium moisture-content curve, which has been worked out
with & fair degree of accuracy, is illustrated in Figure 3. This
curve shows that the higher the temperature the lower the equilib-
rium point, at a constant relative humidity. For instance, at 75
per cent relative humidity and an ordinary atmospheric temperature
of 70° F. the equilibrium moisture content is sbout 15 per cent,
which in most localities corresponds quite closely to thoroughly air-
dried stock, while at 212° and 75 per cent relative humidity the
moisture content is about 914 per cent. Knowing the equilibrinm
moisture centent for various temperatures and relative humidities,
it is possible to control the surface moisture content by controlling

1
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temperature and humidity, thereby controlling the moisture gra-
dient. This is the basis of proper drying schedules.

CIRCULATION

A constent movement of the surrounding antmosphere is necessary
to carry heat to drying lumber to replace that corsumed by evapor-
ation and to earry away the moisture evaporated from the lumber.
Southern yellow pine dries with comparative rapidity and conse-
quently » large amount of heat is necessary to maintain the highest
permissible rate of evaporation. This in turn means that s rather
brisk movement of air is also required; otherwise evaporation does
not take place uniformly throughout the pile. If air enters a pile
of green lumber at 175° F. and 70 per cent relative humidity and
is cooled by evaporation to 160° it will become saturated. This con-
dition is frequently seen at the green end of a progressive kiln for
several hours after it has received a fresh load of southern yellow
pine. The air entering the top of the load and progressing down-
ward through the pile becomes saturated in the first few feet of
travel and then the lower part of the load, not having received
enough heat to warm it, cools the saturated air still further and
thus condenses some of the moisture; the condensation may be seen
dripping from the bottom of the lond. With 2 more brisk move-
ment the air could travel through the pile so fast that it would not
become saturated and would therefore quickly begin to dry stock not
only where it enters but alse throughout the pile, including the
point where it leaves,

EFFECT OF SHRINKAGE AND OF SWELLING

It has already been pointed out thut shrinkage forms the basis of
practically all drying difficulties. With results of shrinkage elim-
nated, drying would present no problems of consequence; actually,
however, the whole system of seasoning revolves around this im-
portant factor. Although shrinkage can not be prevented in drying
nor swelling in reabsorption of moisture, an understanding of these
phenomena will make it eusier to understand how the results of
shrinkage and swelling may be minimized. It may be well to repeat
that shrinkage begins when the free water has been evaporated from
2 cell and the moisture contained in the cell wall begins to dry out
(p. 8). TFrom this point on to an oven-dry condition the shrinkage
ordirarily is almost directly proportional to the amount of moisture
lost. Conversely, when wood absorbs moisture the eXpansion Nor-
mally is preportional to the amount of moisture gained, up to the
fiber-saturation point. The fiber-saturation point in southern yellow
pime is at about 25 per cent moisture content, while the moisture con-
tent of green stock may be considerably over 100 per cent of the oven-
dry weight. There is a slight shrinkage from the very beginning of
the drying period beeause the outer fibers dry below the fiber-satura-
tion point long before the bulk of the piece reaches that point.

RELATION OF SHRINKAGE AND DIRECTION OF GRAIN

The physical structure of wood is such that shrinkage is unequal
in directions that differ with respect to the grain. In normal,
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straight-grained southern yellow pine there is practically no shrink-
age along the grain, but across the grain radially the total shrinkage
averages about 5 per cent and across the grain tangentially about
T per cent.

The shrinkage in longlenf? pine Iwmber is slightly greater than
that in shertieaf and lolioliy, and there also is g slight difference in
this respect between heartwood and sapwood of the same species.
The average shrinkuge of longleaf pine first air dried at about 70° F.
and finally oven dried in order to obtain compiete shrinkage is shown
in Figure 4, and that for shortleaf and loblolly pine in Figure 5;
the shrinkages of loblolly and of shortleaf are substantially the same.
A few individual test preces varied as much as 40 per cent above or
below the values given, but 67 per cent of the stock ordinarily cut, if
dried to 12.5 per cent moisture content, will fall within 1 per cent of
the shrinkage indicated for its species for that value of moisture con-.
tent, Above 12.5 per cent the limits fall closer and closer to the'
average velue until they practicully coincide at the upper range of
moisture content given.

Normal shrinkage in a board is practically proportional to the
amount of moisture the board has lost below the fiber-saturation
point (p. 42}. For instance, referring to the curve of radial shrink-
age 1n longienf heartwood (fig. 4), a heart board dried to 10 per
cent moisture content will shrink racdially only 3 per cent from its

reen dimension, that is, about three-fifths of the average shrinkage

or zero moisture content, Similarly, at the other extreme, a plece
of longleaf sapweod dried to 10 per cent moisture content will shrink
tangentially approximately 4.5 per cent of its green dimension, that
is, also about three-fifths of the average totul shrinkage. Since few
pieces of lumber are either truly radially ﬁrained or truly tangentially
grained, however, in commercial work shrinkage may be considered
proportional to the amount of moisture lost below the fiber-satura-
tion point, and the amount of shrinkage may then be estimated
roughly on this basis. For esample, the shrinkage of & piece at 10
per cent moisture content may be taken as 252 510 =15/25 or three-
fifths of its average tofal shrinkage, which is about 6 per cent across
the grain and about 12 per cent in volume for southern yellow pine,

Certain kinds of abnormal wood, that is, wood with paris of ab-
normal growth or with disgonal or crooked grain, will shrink length-
wise of the board. This is usually because the shrinkage scross the
grain effects the length of the board when the grain is diagonal or
crooked. Tor instance, the irregular grain around knots will cause
localized longitudinal shrinkage. “Compression wood ” is & name
given to a growth condition found ai times in many softwoods, in-
cluding southern yellow pine; in its most common form the pith of
the tree is off center, Witg wide, heavy, annunl growth rings on one
side of the pith and narrow rings on the other. Boards cut so as to
contain some of the heavy rings, the actual compression wood, will
shrick longitudinally, thus forming an exception to the general rule
for lengthwise shrinkage. Crook is almost always associated with

7 The nmnes af speclos appetrcing in this bulletin pre the gtandarg common Dames eiven
in the Check List of the Fovest U'reee of rhe United State, 'Pheir Numes sl Ranges (£).

i
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compression wood; when a board is crocked because of compression
wood, ons of its edges contains mere compression wood than the
other. (Pl 1.}

The terms “ compression wood ” should not be confused with com-
pression stress, which will be discussed in connection with checks and
casehardening,

CHECKS

Surface and end checks in lumber are a result of two shrinkage
factors, one of which is the difference in shrinkage between the sur-
face and the interior of the piece and the other the difference between
radial and tangential shrinkage. They occur during the period when
the surface is in tension and the center in compression. (See “ Case-
hardening,” p. 14.& Checks should not be confused with planer splits,
which are caused by an entirely different condition in the Iumber.

HONEYCOMBING

Heneycombing is a rupture in the interior of the piece along the
grain of the fibers, a condition Sometires referred to as internal
checking. It occurs during the final period of drying, when the sur-
fuce is In comprassion and the interior in tension. Honeycombing is
very uncommon in 4/4-inch and 6/4-inch southern velilow pine, but
is sometimes found in stock over six quarter inches in thickness.

ENQTS

Lioose, checked, and broken knotls, which are responsible for a high

percentage of the degrade in the conunon grades of southern yellow
ine lumber, are canged by some combination of the following three
aws of shrinkage: {1} The exposed surface of the knot, which Is
end grain, dries more rapidly than the portion of the board sur-
1‘0uncéfing it, and consequently shrinks away from the bosrd while
the board is too wet to shrink. (2) 'Wood shrinks very little along
the grain but considerably across the grain. As a result the knot
shrinks in ail directions on the face of the board, but not much in
thickness, wherens the board shrinks in width and in thickness but
not much in length, After drying, although the knot is thicker than
the board it tends to occupy & smaller cross-sectional ares than that
of the space for it in the board, and therefore it usually has either
checked or become lovse. Incased and dead knois are most likely
to become loose and full out. Live or intergrown knots are least
subject to damage, and that which occurs is usually checl{inf or
breaking in the planer. Knots that might otherwise be held by
growth tissue or friction are likely to be loosened in the planer be-
cause of both their hardness and the sbuse they receive from the
planer knives. (3) Heavy or dense wood shrinks more than light
wood and, since knots are more dense than the surrounding stock,
their percentage of total shrinkage is greater. White and red knots
are frequently so intergrown with the surrounding stock that the
bond thus formed is stronger than the knots, causing them to check
or sa}lit in drying.

The size of the knot is also an important factor in knot defects,
small knots frequently remsining tight although few large knots
go through e planer undamaged. The direction of the grain in knots
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and their strucbure muake them more brittle than the surrounding
wood and hence more liable to breakage in the planer. Brittleness
in knots increases as the moisture content decreases and because of
this more breakage will occur in knots in the usual run of kiln-dried
stoclr, which has @ relatively low moisture content, than in gir-dried
stock. The proper method of kiln drying to prevent or at least to
reduce the liability of damage to knots will be discussed later (p. 42).

CASEHARDENING

Casebnrdening is the term commonly used to describe a condition
in dry lumber that, for instance, causes it to cup when the stock is
resawed; the condition is a result of unequal stresses that develo
because of unequal shrinkege in the cress section of a board as it
dries. Immedintely after drying starts the surface 6f the board
dries below the fiber-saturation point and then attempts to shrink.
At the same time the wood just beneath the surface is still sbove
the fiber-saturation point and it naturslly opposes the surface shrink-
age. In this stage the surface fibers squeeze the core, thereby setting
up compression stresses in it and tension in themselves. As the dry-
ing progresses the outer fibers, because of the restraint of the adjoin-
ing wet Inner fibers, shrink less than they would if they were free and
8s & result they become set. With still further progress in drying,
successive Inyers of fibers beneath the surface dry helow the fiber-
saturation point and each in turn is restrained, first by the inner
portion of the piece and ultimately, when the core has dried, by
the outer portion. While the surface is drying it is in tension and the
center of the piece is in compression; during the later stage of dry-
ing the center is in tension and the surface in compression. Since
the core is the last to try to shrink it continues to exert an internal
pull after the entire piece is dry. When stock is in this condition,
with the surface in compression and the core in tension, it is case-
hardened ; if resnwed, it would cup at once, even, though the moisture
content between the surface and the center were uniform.

When a combination of unbalanced tension and compression
stresses oecurs in opposite faces of a piece of lumber it causes cup-
ping unless the stresses are either counteracted by restraint of the
piece or are relieved. Lumber that has more moisture in the center
than in the outer portion will always cup rsore or less after resaw-
ing. (PL 2.} Such unequal moisture distribution in casehardened
stock still further complicates the cupping, because of the shrinkage
that results from the equalization of moisture throughout the piece
after resawing.

Casehardening is most severe in nnrelieved lumber that has had a
steep moisture gradient; such a gradient occurs in the stock in kilns
where the drying conditions are very severe. Casehardening in air-
dried southern yellow pine is almost unknown, and it can be mini-
mized in dry kilns by t}fe use of proper drying schedules,

CHARACTERISTICS OF SOUTHERN YELLOW PINE THAT AFFECT
KILN DRYING

Some kinds of southern yellow pine lumber react differently from
others during the seasoning process, and accordingly the kiln oper-
ator should understand thoroughly both the characteristic differences
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among the species and those resulting from various growth condi-
tions. Proper consideration of these diiferences will reduce drying
hazards and will speed up the drying process. Stock cut from dense
stands will have fewer knots, and less of the seasoning difficulty they
cause, than that cut from open stands. Lumber cut from small trees
will cup and twist more than stock cut from trees of large diameter.
Dense-growth, heavy stock seasons more slowly than lighter stock
and is more inclined to warp and check, becanse dense wood shrinlss
more than light wood. Hard, henvy, wide-ringed second-growth
longleef pine also contains more moisture than narrow-ringed virgin-
growth stock. The same is true of wide-ringed oldfield # pine, but it is
often less dense than virgin growth. Obviously « larger quantity of
moisture to be evaporated adds time to the sensoning process. Sec-
ond-growth stock will usually contain more supwood than will virgin
or mature-growth stock, and green sapwood always contains more
moisture than heartwood, oftentimes more than twice as much.
Heartwood of both longleaf and shortlenf pine will contein mois-
ture ranging from 25 to 50 per cent of the weight of the wood, while
sapwood contains from 70 to 130 per cent in longleaf and up to 180
per cent in shortleaf. Red heart,” which is very common in soms lo-
calities, usually reduces the moisture content to less than 25 per cent
and, therefore, lumber affected with red heart can be dried more
rapidly than sound Iuiaber.

Pitch acts as a retardent to moisture transfusion and consequently
stock that is heavy with pitch may require twice as long to season
as clear stock. It frequently happens t(imt a heavy pitch streak will
extend along one face of o board while th® other face will be normal,
clear stock, a condition that results in unequal drying, usually fol-
lowed eventually by warping. Sometimes logs that have been lyin
in the woods for o long time are brought into the mill; the sapwoo
may be blue stained and the luinber smells sour when the log is cut
up. ‘The sapwood from such logs and also that from deadheads
dries much more slowly than the sepwood from fresh logs.
The moisture content of several sour longleaf pine bonri,
after four days in a kiln, ranged from 45 to 55 per cent,”® while the
other stock in the same truck load averaged sbout 7 per cent,

SEASONING TO SUIT MARKETS

The seasoning problem of each southern pine manufacturer is
affected by the market in which his stock is sold. On the other
hand, the standard of seasoning followed may be the deciding foc-
tor in determining the market, low standards limiting it and high
standards extending it to include ﬁecial-purpose material and even
premium prices for yard stock. The market for the mill output is
influenced by such factors as the following: Species of pine, grades

& Otdfield plne,” as used In the sowthern Jumber regions, designntes 5 growth eonditlon
of aputhern yellnw ue and not a shecies, It Js cuﬁt:mmrll{ apiied to the type of short-
lenf nnd of loblolty Sine thnt baug grown in abandoned elearings and congequently hag ecer-
taln ring-growth and knot chavacterlstlea thot differentinte it, in the mill-mun's dentifen-
tion, from nll forest-grown trees, elther vicgin growth or sceond growtlh.

*Red beart 1s a atege of incljdent decny elarvacterized By n reddizh eolor it the Leakt-
waood, ' Fiem red beaet” is the term nged to deseclbe the defect o steck whers the dls-
lntepmition processed hove not proceeded far enougl to afect the hinrdpesa of the wood
pemg)tibl}u Red henct way oceur either in n purt or In substuntinlly il of a bonrd,

¥ Bae fogtoote G un p. 4. :
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of lumber manufactured, quality of product, price, sales orguniza-
tion, type and size and location of 12aill, method of transportation,

and lecation of market. In one way or another each of these fac- -
tors has morc or less bearing on the method and the degree of season- .
ing. Actually, for domestic markets, it is the ultimate use or use }
requitements that should establish the degree and the standerd of
seasoning. Lumber grades and their prices practically establish the :

purposes for which stock will be used; hence, for all ordinary sery-
1ce, serzoning standards may be based on such grades. Building
construction. absorbs the major portion of the southern yellow pine

manufactured. In such comstruction the upper grades of lumber, .

No. 1 Common and Better, are required for interior finish, exterior
finich, flooring, and other planing-mill products, all of which are
used where shrinkage and swelling are objectiunable and conse-
quently well-seasoned stock is necessary. The lower grades of lum-
ber are used in rough construction work like side wall and roof
sheathing, subfloors, and concrete forms, in which some shrinkage
cen be accepted without materially affecting the appearance of the
finished structure. In such uses the standard of sensoning required
is not so high as it is for the upper grades. Studs, joists, and small
timbers are often sir dried, not kily dried, and larger timbers are
often shipped without any seasoning, Manufacturers of railway
cars, automobile bodies, furniture, refrigerators, and other special
products usually specify the moisture content thet is acceptable to
them for the items and grades they purchase. '

Quite apart from the question of use requirements, the lumber
manufacturer gains several advaniages if his stock is properly sea-
soned. Since reil-transportation charges for a given commodity
and length of haul are based on weight, lumber of low-moisture con-
tent naturally enjoys a lower shipping charge per thousand board
feet than the heavier lumber of higher moisture content. In nddi-
tion, most southern yellow pine lumber is used in finished sizes, and
the manufacturer finds that unless the stock is reasonabl dry it
does not machine properly. Further, stock is far less Ii ely to
develop blue stain if it is kiln dried than if it is not, and unstained
stock has a decided sales advantage over stained.

COMPARATIVE MERITS OF AIR DRYING AND OF KILN DEYING

The seasoning of southern yellow pine at the sawmill may be ac-
complished by air drying or by kiln drying or by both. Air drying
18 the simpler of the two. For air drying the green lumber is merel
open piled in & yard equipped with proper foundations; the stoc
then requires a minimum of attention during the drying process.
The construction of buildings is avoided and the size of the yard
can easily be changed to accommodate the cut of the mill. %ﬂn
drying is more complicated, involving kiln buildings, tracks, stacking
equipment, an adequate supply of steam, and suitable personnel.

Air seasoning, however, 1s slow and the stock must remain in the
yard for months before it is ready for shipment. Thus the yard

rows to an aceumulation of several months’ output of the mill and
gurther, it is necessury to carry a complete line of dried stock if
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orders are to be filled promptly. Even then the filling of orders
mey occasionally be delayed somewhat by unfavorable weather,
since in addition to the general slowing down of the sessoning proc-
ess during cold weather, with the resultant possibility of delay at
some future time, is the immediate delay sure to come from rain;
stock should nat be taken from the pile for some days after a heavy
rain.

Kiln drying reduces to o few days the amount of time required
for seasoning, aad it thus is possible to ship finished Iumber within
o week or so from the time the log is cut, regardless of the season
of the year and vegardless of rainy weather. Special orders can be
accepte:il for quick delivery even if no stock of the desired items is
on hand.

TV PER-GRADE STOOK

In the upper grades the lower moisture content possible with kiln
drying is a particular advantage of that method of drying, inasmuch
as such stock does not Lecome dry enough in yard seasoning for the
use to which it will be put. After ki%n drying, moreover, it can
be menufactured at the mill into fooring, finish, and speciel items,
thus materially increasing the market price over what would be
possible in the same grades air dried.

BLUE 8TAIN

Kiln drying also makes it easy to avoid blue stain, which fre-
quently develops in air drying, especially during hot and humid
weather. Such stain reduces the value of upper-grade stock and
makes it more difficult to market the lower grades. Chemical treat-
ment of green lumber before air drying—such treatment, for instance,
as dipping in a solution of bicarbonate of soda—may be efficacious
and under certain conditions is satisfactory. Stock that is soda
dipped is not desired in some markets, however, and for certain uses
is not desired in any market. Proper kiln drying, on the cuntrary,

revents blue stain more certainly than sny other method now

own, and at the same time leaves the stock universally acceptable.

LOSSES CAUSED BY FORCING KILNE

The benefits of kiln drying have been so marked that an immense
dry-kiln capacity has been put into operation at southern pine saw-
mgls, and in spite of this capacity the demand from the consumer
hes been for an increasing percentage of kiln-dried lumber. This
demand has led to the operation of dry kilns for their maxirmum pro-
duction, instead of for their best production, and consequently severe
dryin%' conditions have been maintsined. Because of these condi-
tions drying defects are cormmon and frequently the resulting degrade
is quite heavy. Along with the general advance in the value of
southern yellow pine the price difference between grades has also
increased, and accordingly any drop in grade caused by dryng
defects results in a serious loss in value.

78722 —30——2
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SURVEY OF KILN-DRYING PRACTICE
1921 SURVEY

The necessity for efficient kiln drying became particularly evident
as & result of a preliininery survey made by the Southern Pine
Association in 1921 to determine the current sersoning practice at
association mills. In this survey degrade tests were made ot 10 mills
on both air-dried and kiln-dried stock. It was found that, when
kiln-dried stock was manufactured into finished lumber, nearly &
third dropped below the grade into which the stock originally had
been cut. % and Better lumber averaged 34.5 per cen’ degrade, No. 1
Common 30.5 per cent, and No. 2 %eommon 22.5 per cenf. Such
drops in grade of comrse meant a serious loss in the value of the
lumber, and while it was not expected that all of the degrade could
be eliminated by improved kiln drying it was felt that a substantial
reduction might be effected if the exact causes of degrade could be
determined. The determination required move information about
the conditions under which the lumber was being dried than was then
available,

1922 SURVEY

The Forest Products Laboratory arranged in 1922 to cooperate
with the Southern Pine Association in studying the problems pecu-
liar to the seasoning of pine. The study, which was intended to
bring out the cause and the extent of the kiln degrade as well as other
factors that might have a bearing on the method of attacking the
problem, began with & survey more detailed than that of the pre-

vious year. Fourteen representative mills, widely scattered through-
out the longleaf and the shortleaf districts, were visited; all these
mills had a deily cut of 100,000 board feet or more and were kiln
drying a part or all of this cut, and all maintained planing mills,

he conditions found during the survey and in some of the subse-
quent experiments mentioned "herein represent the conditions at the
time of observation; at that time they were typical of most of the
mills throughout the southern pine aren. A number of the southern
pine mills have both modiﬁedp their kilns and otherwise improved
their seasoning practice materially since then, but at many of the
others the conditions are still about the snme as those that existed
in 1922.

EXTENT OF KILN-DRYING PRACTICE

The seasoning practice at the larger sonthern mills' was not uni-
form. Some plants kiln dried only B and Better stock, some in-
cluded No. 1 Common, and others part of the No. 2 Common. A
few mills kiin dried their entire cut of lumber. The mill operators
considered kiln drying of the upper grades profitable because it
enabled them to manufecture the ﬂetter hunber into finished sizes
or sgpecial items. Some, however, were not convinced that it was

rofitable or even_ practical to kiln dry the common grades. Such
umber, being used for less exacting purposes than the upper grades,
does not require seasoning to so low a moisture content. Kiln drying
of the common grades had often led to a severe loss from degrade
and consequently such stock was ususlly air dried, with » smaller
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resulting degrade. Practically all kiln drying of pine at the south-
ern mills is on stock green from the saw., Lumber that is air dried,
wholly or in part, is seldom put through their kilns before shipment.

DRYING CONDITIONS IN THE KILNS

All of the mills visited in the course of the survey were using
naturnl-civculation progressive kilns, High-pressure steam, usually
at bout 100 pounds gauge pressure and direct from the boilers, was
usad for heating. The boilers were operated continuously, except at
some plants where the steam was shut off over Sundays and holidays.

TEMPERATURE

The operation of the kilns commonly consisted only of such atten-
tion as that required for loading and unloading, which left the kilns
to themselves at all other times. Under such operation the kiln
temporatures and humidities were continurlly changing as the drying
progressed.  Rupid evaporation from the fresh lumber kept the
green or charging end at o lower temperature than the discharge end,
the two temperatures ranging from 150° to 180° F. in some kilns and
from 180° to 230° in others. The dry-end temperatures were regu-
larly about 20° to 40° higher than tgose at the green end. Some-
times when the trucks were not removed from the kilns as soon as
their loads had become dry temperatures in excess of 250° were
observed. Tew operators attempted even to determine the kiln tem-
peratures.

HUMIDITY

The kiln ]mmiditﬁ fluctuated with the temperature and with the
amount of moisture being evaporated from the lumber. The highest
relative humidities were of course found at the green end; they
runged, o few hours after londing, from 60 per cent in kilns with
tight walls and doors to 80 per cent in leaky kilns. In a few in-
stances relative humidities at the green end bLelow 20 per cent wera
also noted. At the dry end the relative humidities were always com-
paratively low, seldom exceeding 30 per cent, often below 20,
und sometimes less than 10 per cent. The source of humidity in
practically all kilns was limited to evaporation from the lumber; in
only a few instances were steam sprays used for that purpose, The
evapornted moisture, escaping through ventilators and chimney
cracks and crevices in doors and walls, left the humidity in the kiln
u natural balance between the rate at which the moisture evaporated
from the wood and its rate of escape from the kiln. In no case
observed was automatic humidity¥feontrel apparatus instalied.

CIRCULATION

The air movement, as with all natural-cireulation kilns, was de-
pendent upon a combination of conditions, such as the design and
distribution of the heating coils, temperature range, relative humidity,
and the method of piling. Since the operators did not thoroughly
understand the natural laws governing air movement, the benefit
derived from control of the factors that affect circulation was a
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matter of chance; full advantuge of nuy one factor was rarely
obtrined.

TIME IN THE KILN

The time required for drying green pine lumber varied with the
%rudes of stock and the drying conditions used and to some extent
depended upon the stock sepuration (p. 45). Sap stock required
the longest time. No. 1 Comimon and Better lumber, which is largel
sepwood, was being dried in & minimum period of 72 hours, wﬁic
seerned to be the populur ides of the usual drying time of ull I-inch
stock. Observation, however, brought out the fact that o large pro-
portion of this grade was actually in the kiln from 84 to 96 hours.
The lower grades contain more heartwood, which has less moisture
than sapwood, and, having a higher final moisture content, were
being dried in from 48 to 72 hours when separated from the upper
grades,

MOISTURE CONTENT OF KILN-DRIED STOCK

"Tests on the moisture content of kiln-dried stock at various plents,
immediately after it had left the kiln, brought out the fact that
overdrying was a comunon oaceurrence, although expediency often
required that stock be removed from the kiln while still underdry.
In several lots of B and Better stock tested the average values of
moisture content were respectively 2.7, 5.4, 5.5, and 4.0 per cent, and
in an underdry load 13.2 per cent. In fhe dry stock most of the
pieces were below 5 per cent moisture content, some as low as 0.8
t0 2.0, and un accasionu! piece was 9 to 10 per cent. In the underdry
load mentioned the values ranged from 3 to 21 per cent.

No instance was found where it was 2 part of plent practice to
raake positive moisture determinations, the stock being drawn from
the klﬁl simply when the operator was satisfed that it was dry. He
determined moisture conditions merely by snapping splinters, cut-
ting into boards, rapping the pile, or, most often, by the time the
stock had DLeen in the kiln, practices satisfactory only when the
results are checked regularly, at frequent intervals, by an accurate
moisture determination, and not satistactory even then in particular
work.

Common grades when dried with the upper grades had about the
same moisture content as the ugper-grade stock. ‘When dried sepa-
rately, common stock was pulled out ufter a shorter time in the kiln
and consequently was not so dry.

Lack of uniformity in moisture content seemed to be character-
istic of all plants; it was not uncommeon to find in some purts of a
pile stock that was “ burnt up » white other parts were still underdry.

EXTENT OF DEGRADE CAUSED BY KILN DRYING

The chief object in making the kiln-drying survey was to deter-
mine as far as possible the extent of and the cause for degrade in
southern yellow pine lumber. Consequently degrade tests were made
at a number of plants in accordance with a method that will be
described later. The method of determination was such thub only
degrade caused by drying defects appeared on the records. The
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stocle tested was dried in the usual manner in the kiln, was allowed
to stund for 24 hours before going to the planers, and was then
graded immediately behind the planer by an association inspector.
The cause of degrade, such as checks, warp, or damaged knots, was
recorded, The results of these tests are given in Table 1. This
table shows, for instance, that, at mill 1, 78.8 per cent of the B and
Better stock remained on grade, 15.1 per cent fell to No. 1 Common,
42 per cent to No. 2 Common, and 1.2 per cent to No. 3 Common.
The remaining 0.7 per cent, which was trimmed off, was considered
as waste. Thus 20.5 per cent was reduced one or more grades on
account of drying defects of one kind or another. The nctual loss
of lumber was small, being less than 1 per cent. The significant loss,
that in the value of the stock, was far from small, however, the aver-
age being $6.15 per thousand beard feet. The greatest loss came in
the wider stock but, since the test was on mill-run width, the total
loss was representative of irill-run B and Better stoclc at that plant.




TABLE 1.—The ertent and the ¢ st of degrade of southern yellow pine lumber, as determined by grading behind the planers, caused by improper
methods in kiln-drying practice at representative mills during 1922 and 1923

Grade as placed in kiln

Item

Mill No. 1

Mill No. 2

Mill No. 3

Mill No. 4

Demonstration

B and Better...........

No. 1 Common

No. 2 Common

Bpecies of PINO...ooooir oo aaeaan.

Bosrd feet graded

Mill-run stock, size in inches

hours..

Drying time.
Final grades:

g
Degraded to No. 1 Common.
Degraded to No. 2 Comumon.
Degraded to No, 3 Common.
Waste
L.oss per 1,000 board feet 2
Bonrd feet graded
Mill-run stock, size in inches. .
Drying time
Final grades: 1

PRI [\ S

hours..

Ongradé......—.._.. o ..per cent..

Degraded to No. 2 Common...
Degraded to No. 3 Common....
Degraded to No. 4 Common..
Waste,

Loss per 1,000 board feet 2.

Board feet graded .
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Drying time
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On grade.. -
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Waste -
Loss per 1,000 board feet 2

. 3,134
1by4tolby 12
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Longleaf.

2,405
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-
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—
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2,407
1by8tolby _1_?)
i<

Shortleaf.

1, 501
1by8tolby12
72

Shortleaf.
4, 536
1by4tolby _}2

Shorgleal.
1by4tol1byl2
72

76.7

17.9
54

Shortleaf,

83.8
13.8
L2

4, 65
1bydtolby12
50

884
10.5
.8

1.2
3,14

4,744
1lby4tolbyl2
72

4. 64

4,374
1by4tolby12
72

72,9
27.1

1.3

.3

2.01

4,913
1by4tolbyi2
56

! Defects caused by imperfect manufacture were not considered in determining the degrade caised by drying.

3'The reductions in value are based on the Southern Pine :Association’s sales report of Mar. 10, 1923

3 This stock was bulk piled for 30 days. All other stock was manufactured 24 hours after leaving the dry kilns.
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"The degrade and waste for No. 1 Common stock, 45.1 per cent, was
considerably greater than for B and Better; the loss averaged $7.30
per thousand board feet, The degrade in No. 2 Common, on the
other hand, does not represent so grent & monetary loss even when
the percentage of degrade is as high as in the upper grades, because
the giﬁerence in value between No. 2 Common and No, 3 Commeon is
much less than that between No. 1 Common and No. 2 Common, or
between B and Better and No. 1 Common.

The tests on the same grades at other mills varied somewhat, but
in the main were consistent with the degrades at mill 1. The bi
difference between the B and Better stock at mill 1 and at mill 2 is
one of width, the wide stock degrading more than the narrow.

BULK PILING

Some mills had rough storage sheds in which the kiln-dried stock,
particulay  *he upper grades, was held in bulk for a period before
manufactui,  Where this practice is followed the degrade is not
so greab as svhere stock is yun direct from the kiln to the planer.
Sinece at thas time bulk-piling stock after drying it was not common
tl-hg2praehica was omitted from the study included in the survey of

922,
CONCLUSIONS DRAWN FROM SURVEY

To sum up the situation as it appeared after the 1922 survey, the
degrade ceused by the seasoning practice then current was altogether
too high, drying conditions were too harsh, and very few of the mill-
men apprecinted the fact that there was something more to drying
than merely evaporating the moisture in the wood. No serious
attempt was being made to control drying conditions, to learn what
drying condifions existed in the kiln, or to ascertain what such condi-
tions meant in terms of grade reduction and loss in value.

Since 1922 conditions have improved at many of the mills visited
and, of course, at many of those not visited. New kilns have been
built and old ones modified, temperature-control and humidity-con-
trol apgmmtus has been instelled, and the personnel have a better
idea of how to keep drying losses under some control. Unfor-
tunately, there still are many mills where conditions have not been
improved and others where some alterations in kilns and e%uipment
have been made with little or no resultant improvement. The mills
that have forged shead have done so because their executives recog-
nized that an understanding of the principles of drying was neces-
sary for the Dbest results and set about improving both personnel
?nfl kﬂcllls in order that such principles could be understood and

ollowed.

EXPERIMENTS AT COMMERCIAL PLANTS
EXPERIMENTS ON SHORTLEAF PINE

The 1922 survey had shown that the severity of the current dr; ing
conditions was largely responsible for the degrade in kiln-d{‘ie

Iumber. The initial step in reducing such degrade was to determine
(1) the temperature and the humidity that would give the best results,
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and (2) the practicability of obtaining such conditions in commercial

kilns. Accordingly one of the progressive kilns at @ plant in Texas )
was modified by Installing steam sprays at the dry end for humidity |

control, and certein minor changes were made in the heating coils.

Automatic temperature and humidity control was installed with the

object of operating the kiln under a drying schedule that used
humidities higher than those normally secured at thet time in the
average natural-circulation kiln. Subsequent experiments demon-
shrabe% that it was possible, by using higher final umidities, to dry
B and Better stock with a degrade of sbout one-fourth the amouut
genernlly obtained but that the dr ing time exceeded the time re-
quired in the regular kiln, The inguence of the higher final humid-
ities on the circulation in the kiln and the effect of the circulation
itself on the rate and the uniformity of drying will be described
later. It will be sufficient here to say that, in natural-circulation
kilns, circulation decreases as the humidity increases, and rapid and
uniform drying requires & good circulation. In the modified natural-
circulation progressive kiln used in the experiments it was impossible
to get sufficient circulation when maintaining the higher humidities
required for the common grades, and such stock, when dried so as to
obtain a lower degrade, could mot be dried in this kiln within a
reasonable time,

The experiments demonstrated the need for further tests in e kiln
equipped to provide a greater circulation than that obtainable by
natural means in the ordinary type of progressive kiln. It was
decided that best results could be ol?t&ined when the kiln circulation
was independent of humidity.

Consequently another lumber company, also in Texas, turned over
one of their fr'ilns for the purpose and it was remodeled into a
forced-circulation compartment kiln and was equipped with tem.
perature-control and humidity-control devices. A series of tests on
shortleaf pine was made in this kiln: the results, when compared with
the previous experiments, indicated a marked improvement in the

uality of the stock both in B and Better and in the common grades.

he time of drying, despite the higher relative humidities used, was

ﬁflxl']haps & trifle less than that required in the natural-circulation
s,

EXPERIMENTS ON LONGLEAF PINE

Since both the kiln-drying experiments just deseribed had been
made on shortleaf pine, 1t Wa:xi)eemed advisable, because of char-
acteristic differences in the species, to make a distinet set of experi-
ments on longleaf. This work was undertaken at plant in Ala-
bama in the spring of 1926. Some drying and degrade experiments
made at the same plant two years earlier {1924) had brought out
the fact that no real improvement in the operation of the existing
kiins could be secured without more or less modification of the kilns
themselves. The kilns, 82 feet loni, were too short to work properly
88 natural-circulation progressive kilns under the existing gistribu-
tion of heating surface and system of ventilation. Accordingly,
after consideration of severa! possible methods of modifying therm,
including both natural and forced eirculation, one kiln had been
remedeled into an internal-fan compartment kiln and equipped with

L
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aufomatic-temperature and humidity-control devices, and its succegs-
ful operation had led to the later remodeling of seven others in the
same way. .

The 1926 experiments were of somewhat broader scope than the
1924 tests, in that stacking and stickering methods, storage sub-
sequent to kiln drying, and machining problems were also included.

In addition to the general experiments conducted in cooperation
with the Southern Pine Association, a considerable number of
independent tests have also been made as opportunity offeved.

CAUSES OF DEGRADE

The grading rules define the defects that establish the grade into
which a board wiil fall. Some of these defects, such as knots and
pitch pockets, are natural, existing in the living tree; others, such
as wane, occur in manufacturing; while stil} others, such as end end
surface checks, are caused essentially by the drying process. Cer-
tain other defects, such as planer splits, are due partly to drying and
partly to other canses.

The criterion of good drying is small seasoning degrade and stock
having a moisture content suitable for the purpose for which it will
be used. Further, the stock shonld be free from injurious internal
stresses and its strenﬁt,h properties should be substantially unim-
paired. Any workable means of improving drying practice, thus
reducing degrade, returns an immediate profit to the manufacturer,
In the practical side of experimental work in the drying of southern
vellow pine the object has been principally to learn the nature, cause,
and extent of drying defects as they appear in the degrade a2nd the
amount of degrade and also to determine to what degree such de-
fects may be reduced. The means used for reducing degrade,
fortunately, are the same us those required to obtain greater uni-
formity in moisture content. :

‘ DEFECTS THAT APPEAR IN KILN DRYING

The defects chargeable to the drying process may be grouped under
the five heads that follow:

CHECKS8 AND BPLITS

Checking and splitting are the prineipal causes of degrade in all
ades, but are of particular importance in B and Better stock.
hese defects may appear either in the kiln, during drying, or at
the planer. Checks and splits that develop during seasoning occur
when the surface of the board dries faster than the interior and
attempts to shrink before the interior is ready to shrink; as a result
the surface fibers tear apart. Splits that develop at the planer
come from cupping, twisting, casehardening, or brittleness caused
by overdrying. They occur when the piece 1s flattened on the bed
of the planer.

Ly

IMPERFECT ENOTS

Loose, checked, and broken knots are an important source of
degrnde in the common grades. As explained on page 13, the knot
in shrinking tends to become smaller than the kmot hole, Live
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knots, if firmly grown into the surrounding weod structure, may
only check, but encased knots wiit become loose if sufficient shrinkage |
accurs. ;

WARPING

Such defects as cup, crook, and twist are caused by variations in i
shrinkage within the board affected. Cupping is particularly serious, !
since cupped stock is likely to split when going through the planer.
Crook is usunlly caused by.unequal longitudinal shrinkage betieen
the two edges of the board; it oceurs principally in stock that has

been cut from trees having compression wood.” Page 10 presents 3§

more information on compression wood and its effects.
UNDEEDRYING AND OVERDRYING

Stock that is underdry is very likely to shrink further, and con-
sequently such a condition is objectionable, especially in upper-grade
stock. Improper kiln operation and poor stacking on kiln cars are
the most common factors responsible for this defective condition.
Overdry stock is brittle, and brittleness contributes to checking and
splitting. Such stock also may swell afier planing, an undesirable
eondition in high-grade flooring and finish.

Operators ordinarily intend to dry upper-grade 4/4-inch lumber
to a moisture content of from T to 10 per cent, and lower grade to
& moisture content of from 12 to 18 per cent. When so dried the
stock is commonly considered suitable for the use requirements of
the respective grades. Underdry stock naturally has 2 moisture con-
tent above the high limit for its grade.

CASEHARDENING

Casehardening contributes materially to drying degrade, but it is
asually associated with one of the other causes in such @ manner as to
make recognition of the real offender difficult for the uninitiated.

Casehardened lumber cups when resawn or when more is dressed
off one side than off the other. (Pl 2, A.) In southern yellow pine
the condition becomes apparent when resawing any thicli' stock and
when resawing stock for bevel siding. The pinching in of the
grooves in flooring and other matched items is also evidence of case-
hardening. The most serious result of the internal stresses, particu-
larly in cupped stock, is the weakening of the wood, which causes a
larger percentage of boards to split in the planer then is the case in
boards that are not casehardened.

METHOD OF GRADING

The grading in the drying and degrade experiments at commercial
plants was done by an official inspector of the Southern Pine Asso-
ciation and the tallies were so kept that the recognized defects caus-
ing degrade could be segregated.

In some of the earlier experiments the stock was graded both green
and dry. In the 1926 stucies the stock was not gradea at the green
chains. but, after drying and machining, was graded and tallied at
the dry chains on the basis of the grade that it had had when green,
and was then charged with any change in grade that had devel-
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oped during drying and manufacture. Only those defeets that had
been caused by drying or were related to drying were considered in
this test ; the grader was instructed to use his best judgment in estab-
lishing both green and final grades so that they would register the
defects with which the study wis concerned. Wane, imperfect manu-
facture, and pitch pockets, tor instance, ave not seasoning defects and
therefore pieces containing such defects were tallied as of their orig-
inal green grade unless the grade had been lowered by seasoning
defects. Stock undergoing these tests was not ripped after kiln
drying to raise grade but was run in the sume widths in which it was
dricd. Where a trim would have raised the grade nbove the green
grade, the piece was tallied as of its green grade and if trimmed be-
cause of a drying defect the trim was also ehinrged against the piece.
For a combination of drying defeets resulting in degrade the cause
of the degrade was ehnrged to the most consistent defect or to the
defect oceurring most frequently.

Occasional preces, for which the cavse of degrade was questionable
or could not be determined at o glance, were pulled from the chains
and graded later.

Except for matched flooring, ceiling, and siding it is more or less
immaterial, for a degrade investigation, whether the stock is run into
# pattern or only surfaced four sides. For simplification and ac-
curacy the stock examined was grouped under the grades B and
Better, No. 1 Common, and No. 2 Common, thus avoiding the com-
plication of intcrmediate grades.

It was intended that esch size and grade should include enough
material to be representative ol that particular stock; a minimum of
2,000 board fect was destred and 4,000 to 5,000 feet was, usually
obtained. In a few instances, however, there was not enough mate-
rial available at the time the kiln trucks were being loaded to make up
the minimum desired.

LOSS CAUSED BY INFERIOR KILN DRYING

Table 2 on page 40 shows briefly the cost of inferior kiln drying of
southern yellow pine as determmined by means of the experiments
at commercial plants here reported. The lumber prices from which
the losses were calculated are practically identical with the cor-
responding January, 1929, lumber prices; this statement applies also
to the other prices used for this bulletin.

CONTROLLING KILN DEGREADE

In devising methods of control over the factors that cause Liln
degrade it is necessary to divide the preparation of stock for the
planer into three principal steps, so that the influence of each one on
the ultimate degrade can be studied independently of the others.
The lowest possible degrades are obtained only when each step fol-
lows the best known practice. The logical divisions follow :

Plling, including stickering, in loading the kiln trucks.

Drying conditions in the kilu: Temperature, humidity, sad circuletion.

Storage ufter kiln drying and before planing.

Numerous experiments have demonstrated that improvement in
the practice of any one of these factors, independent of the others,

mn s e o
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will definitely reduce drying degrade. If the stock can be properly
conditioned by steamning before it leaves the kiln, however, storage
after kiln drylng is not necessary or even advantageous in preventing
degrade; the stock may then be run direct from the kiln to the planer.

PILING

Certain kinds of defects, such as cup and twist, are » result of poor
stacking, quite independent of whether the kiln-drying methods
proper are good or poor. These defects increase the amount of
checking, splitting, and torn grain, and the number of broken knots.
Good stacicing with plenty of stickers reduces crook, holds the stock
flat, and is an important factor in the prevention of degrade regard-
less of other conditions in the kiln.

KILN OPERATION

Cureful seasoning in kilns where drying conditions can be nc-
curately controlled is probably the most important factor in holding
kiln degrade to 2 minimum. Checks and splits during drying may
thus be avoided and overdrying prevented, thereby reducing planer
splitting tnd damage to knots, ll';elief of casehardening, uniformity
of moisture content, and less pitch on the surface of the boards also
play their part in producing stock in the best condition for mant-
facture and use.

GONDITIONING BEFORE MACHINING

Storage of rough stock after kiln drying and before planing has
an effect similar to that obtained by conditioning in the dry kiln.
Where kilns are not provided with means for steeming the stock
before it is removed from the kiln, or are not of n design that
permits such treatment, storage is beneficial, especially if the stock
remuins in the shed for periods upward of three weeks.

ECONOMIC LIMITATIONS

The limitations surrounling the kiln-drying practice st many
southern pine mills are such thet it may not be economically advis-
able to make all of the changes required for holding degrade to the
absolute minimum. It is rare, however, that improvement in the
practice of at ieast one of the three main factors is impossible. The
advantages and the limitations of control over these independent fac-
tors will be considered separately, beginning with the design of the
kiln and its effect on drying conditions.

TYPES OF KILNS FOR S]i])zI&ET%NING SOUTHERN YELLOW

EMOKE AND FURNACE-HEATED KILNS

In the southern pine region approximately half of the cutting is
done by small portnble or semiportable mills for which it seems
impracticable or unprofitable to install a steam kiln for the usual
period of operation on any one site. A large part of the cut of these
small mills is sold green or air seasoned, while some is collected in
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cg?centration yards or is sold fo large mills where kilns are avail-
able,

In the shortleaf pine arens, particularly in Arkaunsas, many of
the smull mills use smoke kilns. Such a kiln consists of a loosel
built platform set on posts and about 8 feet or mere off the ground,
with bonrding on three sides above and on three or four sides helow
it. Lumber 1s piled on stickers on the platform, sometimes flat and
sometimes on edge, and « fire is built on the ground beneath it, the
smoke passing upward through the lumber pile. The lumber, of
course, 1s darkened by the smoke, but the discoloration is dressed off
when the stock is planed,

This type of kiln permits the small operater to dry his stock more
rapidly than he could by nir seasoning. Rapid drying, among other
desirable results, reduces the probability of blue-stain attack. Some-
times the material accumulates slowly and several days will elnpse
while the kiln is being londed and before the fire is started. Blue
stain is very likely to develop during this period and slso during
rainy wenther, when it seems impractical to keep the fire burning.

The drying titne for 1-inch southern yellow pine stock in u smoke
kiln is variable, although it usvally is three to four days, The
cegree of drying, as might be expected. is also variable; the drying
is lrregular, not only in different parts of the pile but sometimes even
within the same bourd. At one time smoke-dried lumber was in
populur demund, but within recent years, because of the higher
standard of seasoning required by the buyers and the general im-
provement in the standard of seasoning in steam-heated kilns, smoke-
dried stock has often been sold nt a price considerably below that
of stock from steam-heated kilns. The usual type of smoke kiln
offers such slight opportunity for control of drying conditions that
there is little hope for improvement in the seasoning process proper.
Some improvement in the product, however, may be obtuined by im-
proving the stacking. Storage after drying will ulso help to equalize
the mowsture content, particularly in stock that has been dried to o
relatively low moisture content.

The furnace kiln differs from the smoke kiln in that the fire is
built in & fireplace or fire pot of metal or brick and is fed from the
outside of the kiln. The fire pot and the smoke fiues, which are
looped around within the kiln below the lumber pile, act as radiators
to heat the air, The smoke is exhausted through chimneys instead of
passingf through the lumber. The kiln building is a tight inclosure
and when the fire is carefully tended a fair degree of temperature
control is possible. Humidity control, however, is more digicult to
obtain. Tight construction and dampered intake and exhaust flues
offer an opportunity to retain some of the moisture evaporated from
the lumber, but this method is usually inadequate. If steam is
available it should be used in the same manner as when humidifying
sterm-heated kilns.

STEAM-HEATED KILNS

Steam is the medium most commonly used for heating dry kilns,
because of the very numerous advantages it offers in comparison with
other means. It is employed in all the types of kilns included in the
following discussion.
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Steam-heated dry kilns in the southern pine region may be sepa-
rated into two groups, progressive and compartment. While it
appears at first that the difference botween progressive and compart-
ment kilns is essentinlly that of the method of loading, actually there
ure also very important differences in design which, in turn, have
quite an important bearing on the method of operation best suited
to the stock being dried. These differences will be taken up in detail
later.

Both progressive and compartment kilns may also be classified, in
accordance with the prineiple of circulation employed, as (1) natural
cireulation, (2? forced cireulation, which 1s sometimes called * me-
chanical eirculation,” and (3) combined nutural circulation and
forced circulntion.

PROGRESSIVE KILNS

The progressive kiln holds & numbor of unit charges of lumber
which are in different stages of drying; each unit charge consists of
nbout one-third or one-fourth the total capacity of the kiln. When
a nuit charge has dried and has been removed, a fresh one of green
hunber is intreduced into the opposite end of the kiln; this unit then
passes by stages from the charge or green end to the discharge or
dry end, eventually emerging as  dry ? lumber. The design of this
kiln intends that the drying conditions, as well ag the movement of
the unit charges, shall be progressive, the mild conditions obtaining
at the green end and the most severe at the dry end.

COMPARTMENT KILNS

In compartment kilns a single charge occupies nll of the loading
space and drying conditions are intended {o be uniform throughout
the kiln at any given moment. The drying conditions are changed
from time te time in conformity with the moisture condition of the
stock or in nccordance with a time schedule,

NATURAL CIRCULATION IN STEAM-HEATED KILNS

Natural circulation in steam-hented kilns is brought about by dif-
ferences in temperature; the stenm in the coils supplies heat and
evaporation from the lumber consumes it. The heated air tends to
rise from the coils and the air cooled by evaporation tends to sink.
If the arrangement of the lumber and the heating coils is such as to
fucilitate this movement, a very definite circulation will exist as
long as drying takes place.

Heat, losses through doors, roofs, and outside walls produce loeal
cooling effects, which add to the general air movement, but these
effects vary more or less in nccordance with the outside atmospheric
conditions and in consequence are unreliable and are therefore more
of a hazard than a benefit. Beecruse the kiln is much hotter than
the temperature of the air outside, there is a constant leakage of
heated air from the upper part of the kiln and of cold air from
the outside into its lower part. Vents, flues, or chimneys are pro-
vided to facilitate the escape of some of the air from the kiln be-
cause it carries with it the moisture evaporated from the wood.
Fresh-nir inlets may also be provided in the bottom of the kiln to
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admit air to replace that escaping through the chimmneys. If no
fresh-air inlet is provided, replacement is dependent upon inleskage
through cracks and crevices in the walls and around the doors.

The amount of air passing through the average natural-cireulation
kiln, entering the intuke ducts and going out through the chimneys,
has been calenlated as less than 5 per cent of the air that is in mo-
tion in the kiln. Increasing the number and the size of the inlets
and the exhaust flues for the purpose of increasing the air flow
would have very little effect on circulation but would incresse steam
consumption. In natural-circulation kilns, therefore, the amount of
air movement produced by passage of air through the kiln and out
of the chimneys may be considered an unimportant part of the
total. The whole purpose of exhausting sir from the kiln is to
carry nway the evaporated moisture; the ideal condition would be
reached if it were possible to control the chimneys and flues with
dampers so regulating the flow that the moisture would be carried
away only as fust ns 1t evaporates, thus holding the humidity at the
value required by the schedule.

The circulation through the piles of lumber represents the bulk
of the moving air, Its natural direction is vertical, either upward
or downward; it will move horizontally only to the extent that its
natural direction is oppesed. Such opposition may result from the
munner of piling or frl?om counter air cturrents.

NATURAL-CIRCULATION PROGRESBIVE KILNS

The characteristics of natural circulation in a southern pine pro-
gressive kiln are illustrated in Figure 6. Hot-air exhaust flues and
cold-uir intnkes differ more or less in location according to the make
of the kiln and, since their position has no important effect on the
principal air movement, they are left out of this illustration. Be-
cause some means must be provided for the removal of evaporated
moisture, however, both intnLe and exhaust flues are assumed to exist.
The total kiln charge of 15 trucks comprises 3 unit charges of 5
trucks ench, the charge at the green end representing stock loaded
less than 1 day, the middle charge less than 2 days, and the dry-end
charge less than 8 days; ench charge is to be removed after 8 full
days in the kiln. As the heat required for evaporation is extracted
from the air surrounding the individual pieces of lumber, the air
becomes cooler in proportion to the amount of moisture evaporated.
Where evaporation is rapid and considerable cooling takes place, the
air movement is downward through the lumber pile even when the
heating coils are in the path of this movement. Even if the coils
are in the path, the weight of the column of air above is at
encugh to counterbalance the influence of the heat added by them,
and the air continues to pass downward through the coils in order
to rise where it meets less resistance to an upward movement, as,
for example, between the pile and the wall, or at the dry end of the
kiln, where evaporation is less rapid.

Bvaporation from the relatively wet lumber at the green end of
a progressive kiln is very rvapid, and consequently the air movement
is downward. (Fig. 6.) The same direction of movement also exists
in the middie charge but, since this stock has lost much of its mois-
ture, evaporntion is somewhat less rapid and the rate of movement is




FIGURE B8.—A cross-piled natural:circulation progressive kiln in perspective. The lumber moves from left tc right, whereas the main longl-
tudinal air cireulation above the rafl level is in the reverse direction.. In addition there are minor local currents of air up and down through
the Jumber, s indicated by the arrows; the wavy arrows indicite sluggish air movement, The cooling effect of each door produces loenl
downward circulation at the extreme cends of the kiln. Since the principal movement of air in natural-circulation kilns is vertical, for
both the progressive and the compartment types, the stickers do not oppose the main circulation with either end piling or cross piling
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reduced proportionately. The charge in the dry end is nearly dry,
little evaporation is tuking place, and here circulubion will be up-
ward. It sometimes happens thut stock passes through the first and
the second day's positions and reaches the finni position while still
coninining considernble moistuve. In such cases the circulation hns
peon found to he downward even af the dry end, uutil the stock
became relatively dry. When this stock has dried sufliciently the aiv
movement reverses, the air then flowing upwurd.

Ordinarily most of the air that descends in the first and the second
position of the daily charge finds its way upward through the losd
in the third position, but sowe works up along the side walls or in
uny open spuces resulting from short lumber in the londs. The gen-
eral mwovenent is a cycle, downward at the green end to some point
below the steam coils, along the kiln to the dry end, wnd then upward,
returning along the ceiling to the green end.

Teat fosses through the rof and the doors of a progressive leiln
have some effect in modilying conditions lacally. The prinecipal
effect of the rool loes is lhat it Jowers the temperature of the air
wmoving from the dry to the green end, condition that is more or
less beneficind, Cold denfts from the doors ave rather objectionable,
particulavly ut the dey end where such cold atr, mixing with the
Lotler pir returning Trom the green end, cools the portion ib joins
and consequen(ly produces n lower teaiperature in any load it may
pass through, thus interfering somewhat with drying conditions;
these drafis usunlly affect the load neavest the door.

NATURAL-CIRCULATION COMPARTMENT KILNS

The characteristios of nafural circulation in a southern pine com-
partment kiln nve illustrated in Figures 7 and 8. Iere again, as with
progressive kilng, hot-nir exhavst Hues and cold-nir intakes are left
out of the denwing, but are assumed to exist. Figure 7 illustrates
x keiln with cross piling and Figure 8 shows one with lengthwise piling.

The Taetors that crente natural civenlation, which are the heat sup-
piied from the steam coils, the consumption of heat in evaporation,
and heut fosses through root, walls, and doors, are the same in com-
partment nx in progressive kilns.  However, there is one important
difference between the two types that aflects the volume of air moved
as o result of the cooling eflect resulting from evaporation. Since
this volume includes most of the air in motion it has an important
effect on the rate of drying, an effect that is in favor ol the progressive
kitn. The greater the difference between the temperature of the
ascending aiv und that of the descending air, the greater will be the
velocity of movement. The difference in temperature is definitely
limited by the deving schedule used, in that after the lumber is once
warmed up to kiln temperatures the lowest possible temperature, as
a result of evaporation, is the wet-bulb temperaiure. For example,
following the initinl conditions for warming the stocls, & certain
schiedute (No. 107, p. 43)enlls for a temperature of 190° F. and 2
relative humidity of 63 per cent. for which the wet-bulb temperature
is 170°.  (Fig. 9.4} In this temporary condition the Towest possible

3 Bue fustuele 4 on p. 23 vefer to Trbife 1 in Bulletin 1136 {(3).
FRTIL—BU—




Fieore 7.—A cross-plled natural-civeulaiion compartment kiln in perspective. The arrows indicate the direction of the main cireulation, which

is vertieal-lateral.  During the early part of the run, when evaporation ig rapid, the air moyement is downward in the pile, through the heat-
ing colls, to the pace at the side walls or to other unobstructed vertical channels, upward, and into the pile to vepeat the cyele.  During the
final stage of drying, the heating coils, which are imnredintely below the lumber, overcome the circulatory effect of the evaporation, which has
now hecottie slaw,.and the main eirculation then reverses, as shown by the double-headed arrows. Hn%at losses through the doors Produce
loca) downward circulation at the extreme ends of the kiln, Since the principal movement of air in ndtural-circulation kilns is vertical for
both the progressive and the compartment fypes, the stickers do not oppose¢ the main circulation with either end piling or cross piling
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Ficure 8.—An end-piled natural:cireulation compartment kiln in perspective. The arrows indicate the direction of the main cireulation, which
is vertical-lnteral. During the early part of the run, when cvaporation is rapid, the air movement is downward in the pile, through the
heating coils, to the space between piles and to that at the side walls or to other unobstructed vertical channels, upward, and into the pile
to repeat the eyele. During the final stage of drying, the heating colls, which are immediately below the lumber, overcome the circulatory
effect of the evaporation, which has now beeome slow, and the main elrculation then reverses, as shown bf the double-headed arrows. Heat

n

losses through the doors produce local downward circulation at the extreme ends of the kiln. Sinee the principal movement of air in natural-
clr(t].-ulxixll;ion kilns is v?lxitical, for both the progressive and the compartment types, the stickers do not oppose the mrain cirenlation with either
end piling or cross piling
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temperature as o result of evaporation would be about 170°. Under
the established drying conditions that follow it would be nearer 175°,
a matier of 15° difference between the highest and the lowest tempera-
ture in the pile. In a progressive kiln operating on the same schedule
the temperatures would be about a maximum of 210° where the air
enters the pile at the dry end and a minimum of 173° where it leaves
the pile af the green end, a difference of 35° hetween the highest and
the lowest. Obviously the air movement possible in the progressive
kiln is far greater than that in the compartment; such an air move-
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ment is invariably found in the progressive kiln in spite of the longer
travel necessary for the air to complete its cycle of movement. Hence
ak relatively high humidities, such as those during the early part of
2 1run, the compartment kiln does not obtain the amr velocity possible
in a progressive kiln.

During the final stages of drying, when the schedule selected for
lustration permits a tetnperature of 210° F. and a relative humidity
of 41 per cenrt, which comes to a wet-bulb temperature of 170°, the
compartment kiln is still at a disacdvantage, DBy this time the stock
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is comparatively dry and the evaporation is slower, so instead of cool-
ing to 175° the air will seldom cool below 195°.

In an attempt to obtain an equal rate of drying, most southern
pine natural-circulation compartment kilns.are actually operated un-
cer schedules much more severe thun those for progressive Lilns.
This practice is unwise, since the resulting conditions are likely to
cause henvy degrade.

The direction of dir movement in the cycle characteristic of com-
partment kilns is vertical-lnteral. BDuring the time when evaporation
15 rapid the movement is downward in the I)ilc, through the heatin
coils, to the space nt the side walls or to other unobstructed vertic
chnnnels, upward, and into the pile to vepeat the cycle. During the
final stnge of drying the henting coils, which are immediately below
the lumber, overcome the circulatory effect of the evaporation, which
has now bacome slow. The circulation then reverses, the air moving
upward from the coils into the pile, ncross to the space at the side
walls or to similar openings, downward, and back to the coils,

Heal losses througﬁ the doors of a compartment ldln canse a down-
ward movement of air at the ends of the kiln to the spuce below the
rails, where the cold stream joins the regular lateral eirculution
below the end trucks. The effect is to lower the temperature mate-
rinlly, and consequently it is quite common to find the lumber in this
spuce underdried when the rest of the charge is thoroughly dry.
Heat losses through the side walls and the roof ave relatively uniform
along the kiln and do not necessarily interfere with the drying con-
ditions if the heating surface provided is sufficient to offset the loss.

EFFECT OF LHIUMIDITY 0N NATURMAL CINCULATION

It has beon explained that the movement of air increases as the
difference between the wet-bulb and the dry-bulb temperatures in-
creases; that is, the lower the humidity, the better the cireulation.
Good drying practice requires that suitably high humidities be main-
tuined t;ﬁyrouggmut the drying period, particularly during the early
stnges of drying. If the proper humidity is maintained, it evidently
will be ut the expense of natural circulation. This fact, in turn, wi
result not only in slower drying but also in irregular drying unless
the drying time js extended. In an experiment in 2 natural-circuls-
tion progressive kiln it was found that the drying period for No, 1
Common and Better stock was increased from 72 to 84 hours by
changing from the low humidities previously employed by the opera-
tors to high ones. The degrade for the high-humidity drying, how-
ever, was only sbout one-fourth that for the low-humidity schedule.

In the common grades of knotty stock relatively high final humidi-
ties are required to keep degrade at a minimum, and natural circu-
tion consequently is inacdequate.

FORCED CIRCULATION IN STEAM-HEATED KILNS

Forced circulation in steam-heated kilns is commonly obtained by
means of fans or steam jets, or both. When fans are used they may
be either outside of the kiln in a special housing, connected to the
kiln by supply and return duets, or may be inside of it, usually in
ducts or in housings intended to distribute the air according to the
design of the kiln.  When stenm jets are used, high-pressure steam is

T8T22° —30—ord
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allowed to cscepe through small orifices in steam. spray pipes, or
through speciel nozzles. Here again the design of the lcif!rl restumnes
thet the circulution is to follow a certain path, either stea ily or in
cycles, and the ﬁruy pipes or nozzles are so located as to accomplish

nis purpose. Although steam-spray pipes offer one of the most sim-
ple expedients to augment natural circulation, the results are not
nlways fully satisfactory.

Guidance of the moving air is required in kilms having circulation
created entirely by mechanical means. Such guidance may involve
beflles along the uninclosed air passages that always are necessary in
every kiln. When baflles are nsed they must be located with consid-
erable care in order that the flow of air may be uniform throughout
each lumber pile. In both progressive and compartment kilns the air
velocity must be restricted to a value that can be controlled as desired.

COMPARIZON OF NATURAL AND OF FORCED CIRCULATION

From the foregoing discussion of circulation the matter of ade-
quecy of air movement in a steam-heated kiln drying southern yellow
pine lumber may be summerized us follows: Natural cireulation is
adequate in progressive kilns for the drying of upper-grade stock.
It does not prrovide enough circulation in compartment kilns for any
grade nor in progressive kilns for the lower grades. “Adequate cir-
culation ™ in such a dry kiln may be defined as an air movement suffi-
cient to permit the maintaining, throughout the drying period, of
drying schedules closely approxtmating those given in this bulletin.
Hence ndequate circulation means reasonably uniform drying and the
minimum period in the kiln that is consistent with minimum degrade.
It follows, therefore, that inadequate circulation means o lack of
uniformity of drying, a longer drying period, greater degrade, or a
combination of the three. Common practice in such kilns is to use
humidities lower than those recommended, in order that drying may
be hastened and inequality in drying minimized; such’ practice
lurgely disregards the degrade that results from the more severe
drying conditions. '

atural-circulation kilns, both progressive and compartment, are
still the type most common in the South, On the other hand, the
modern trend of design of commercial kilns for southern yellow pine
is to embody some mote or less positive form of circulation ereated
mechanically and intended to operate in conjunction with the natural
circulation. Such design is planned to provide a sufficient amount of
pir movement during all stages of drying, quite independent of
bumidity. When steam is usﬁ to stimulate the eirculation, however,
it of course increases the humidity and. conversely, when it iz used
to control the humidity it should be released in such & manner that it
will also stimulate the circulation.

KILN OPERATION
FAULTS COMMON IN KILN OPERATION
LACK OF CONTROL OF DRYING CONDYTIONS

Most of the older dry kilns used Ly southern pine manufacturers
are of the natural-circulation progressive type, thonugh there are a
few scattered instances of compartment kilns. In most of the older
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kilns the operation consists of loading, and then leaving the kiln to
_itself until the stock is dry and ready to unload, No particular at-
tempt is made to control temperatures and humidities. In such cases
the temperatures in progressive kilns are lowest at the char, end
because of the rapid evaporstion from the green lumber. As the
lumber becomes drier and progresses toward the discharge end less
evaporation takes place and the temperatures are higher. After
Joading, the temperature at the green end rises rapidly to about 150°
F., but during the first 24 hours it seldom goes above 170° to 175°.
There is usunlly from 20° to 40° difference between the temperatures
at the two ends. Immediately after loading, the relative humidity is
comparatively high at the green end, sometimes near 100 per cent,
but & few hours after londing it is usnelly below 50 II)E.I' cent at the
Jg;:een end and below 20 per cent ut the dry end. If the relative
umidity in the kiln were 100 per cent, no evaporation would take
place, no change in temperature would come from that source, and
conscciuently no cireulation would follow. Conversely, the lower the
humidity the greater the possible differences in temperatures and
therefors the greater the air movement.

EXCES8IVELY LOW HUMIDITY

The humidity in pine kilns not provided with stenm sprays or some
other means of humidifying is ordinarily very low. The only mois-
ture available to raise the humidity is that evaporated from the lum-
ber, sud it can escape from the kiln in the form of vapor throu h
ventilators, chimneys, and crevices, leaving the humidity in the kiin
g natural belance between the rate of evaporation and the rate of

escppe.

“Phile & low humidity is useful in producing natural circulation,
it is the condition that causes checking, overdrying, casehardening,
and damage to knots. On the other hand, if the humidity is raised
either by (ﬁosing dampers or by use of stean sprays that do not create
circulation, the drying time in the kiln lengthens and underdr, stock
is often found. Less degrade, however, is likely to occur with high
humidity than with low, sithough kiln operators usually follow the
low-humidity method of operation.

The following example 1s an instance observed in a low-humidity
progressive kiln in which a charge of 4/4-inck No. 1 Common and
Betfer longleaf pine was dried in four days. Immediately before
the placing of fresh charges the temperatures at the green end were
nearly 200° F. and the re%utive humidities sometimes were as low as
20 per cent, while the temperatures and relative humidities at the dry
end were sbout 220° and 15 per cent, respectively. After charging,
and following the initial drop, the green-end temperature woul rise
in a few hours to 170° and the relative humidity would be about 85
per cent, and at the dry end these conditions would be 185° and 25

er cent, vespectively. The foilowinig figures r?l:')lresent the rate of
grying ts indicated by siz samples located in the outgide tiers -of
the trucks: Mofsture content, when loaded into the kiln, 74.6 per
cent; after the first day, 348 per cent; after the second dey, 7.8
per cent; after the third day, 5.0 per cent; after the fourth day, at
the time of unloading, 2.7 per cent. The samples naturally represent
the drying rate of the outer portion of the truck loads, some of the
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stock in the center of the piles drying somewhat more slowly. The
figures show that for the stock represented 55 per cent of the total .
moisture lost was evaporated the first day end 93 per cent was evap-
orated by the end of the second day. These conditions are not at
all exceptional but are actnally typical at the majority of southern-
pine plants where such kiln equipment is in use. The degrade ob-
served in stock dried in this kiln may therefore be considered sn
example of the degrade occurring in plants having similar equipment.

REPRESENTATIVE DEGRADE LOSSES

Table & presents data covering representative degrade in stock dried
in the kilns just described and run direct from the kilns to the
planers. The stock had been flat piled in standard 18-foot trucks
with six stickers to the course. If more stickers had been used the
degrade would have been lower for reasons that will be given later.
Even with better stickering, however, the harsh, severe conditions
eerly in the drying process and overdrying in the final period would
still have produced casehardening and brittleness. These in turn
would have caused planer splitting and broken and loose knots
comparable with the degrade losses referred to later in Table 9

{p- 56).

TapLd 2—Depreciation in value per thousand bourd feet of longleaf pine dried
during 1924 in e noetural-circulation progressive bilm with siz atichers per
cotirse and run direct from the kiln io the planer

Btock degraded for—
Loas per
Stock 1,000

Bize of stock Grada on ] bbard
BRCe | splics | Frim | Bnots | M0 ey

Inches Per cent) Per cent| Fer 2end| Per cent] Per cend
iby6, 1by8,2byi0, 1by 2. | B and Better._.__...{ 8520 | 10.62 345 |eeanas 0. 43 $5.41
1by8,1by 8, 2by 10,1 by 12..| No. 1 Common.__.__| 66,40 [ 20,40 15| 10,05 |-ceemenn 8.4
1by & 1by8, Lbyto _________ Np. 2 Common_____ 5480 | 2410 60| 20070 |aoeeeoes 1.47

# Based on lumber prices substentially the same as thoss for January, 1029,

RESULT OF IMPROVING DRYING CONDITIONS

After the degrade tests just described, these progressive kilns
were remodeled into compartment kilns equi pedp with automatic
temperature and humidity control devices and a forced-circulation
system was installed. The results of degrade tests on stock dried in
accordance with Schedules 107 and 108 (pp. 48 and 44) and run
direct from the kiln to the planer are shown in Tabie 3. The im-
provement over the resulis obtained before the kilns were remodeled
(Table 2) is marked. This improvement may be attributed to the
milder conditions during the early period of drying and the preven-
tion of overdry stock by the use of more suitable final humidities.
The B and Better and the No. 1 Common stock were in the same kiln
charge. Their values of moisture content, averaged from eight
samples, were as follows: When loaded into the kiln, 81.2 per cent;
after the first day, 58.8 per cent; after the second day, 28.6 per ceul;
after the third day, 11.8 per cent; and after the fourth day, 6.8 per
cent. The No. 2 Common stock was dried separately.
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Maury 8 —Depreciction in velue per thousand board feet of longleaf pine dried
ih & Torced-circulalion compariment kiln in accordance with Sctedules 107 and
108, ufter piiing with atickers 2 feel aport, ond run direct from. the Liln fo the
slanrer

Btock degroded for-- | Tose
Stock o

Bize of stock Grade an
grado | g { Trims ; Knots | feet !

Per vents Per cent| Per cend) Fer cent
o0, 43 .

B oani Better e e ccamaeaaa] B4R o {100 g T 40.36
4 No.l Common. ... 0705 1.82 R 3 I .72
No. 2 Commin .. caaaeman .70 1.88 .25 3.10 .58

! Based on lumber prices substantinily the zamo a3 thosa for January, 1020,

A comparison of Tables 2 and 3 brings out the advantage result-
ing from aceurate control of temperature and humidity, and positive
and ample circulation. In many instances under observation steam
sprays heve been used to increase the circulation and at the same time
to control the humidity in progressive kilns. In one such instance,
after a careful study of the circulation distribution and of tempera-
ture and humidity throughout the kiln, a steam spray pipe was
installe@ below the flat heating coils, about 85 feet from the dry end,
with the sprays pointing towsrd the dry end. The steam supply to
the spray was operated !i)y the thermostat that controlled the humid-
ity. Another thermostat controlled the temperature. A charge of
1 by 10 inch B and Better shortleaf pine in this kiln was degraded
$0.09 a thousand board feet because of seasoning defects, while the
same size and grade in an adjacent kiln, one without steam sprays but:
under temperature control, was degraded $3.66, which is about 75
per cent more. The stock in both cases was run through the planer
24 hours after lenving the kiln.

Of thé two examples just given, one shows the increase in value of
product that can be obtnined through very accurate control of tem-
perature and humidity and with amnple cireulation, and the other
shows the corresponding increase secured through a much less posi-
tive form of temperature and humidity control ard sugmented
patural circulation, Considering only economic matters, it would
he futile to attempt to define the optimum degree of control of kiln
conditions. It is clear, however, that any appreciable improvement
in the control of these important seasoning factors will reduce season-
ing degrade.

DRYING SCHEDULES

BELECTING DRYING CONDITIONS TO MINIMIZE SHRINEAGE

Substantially all the seasoning defects that affect southern yeilow
pine are caused directly by or result {from unequal shrinkage within
the piece affected ; blue stain and pitch are the rmportant exce tions.
Hence the drying schedule should be armnfed 50 that unequal shrink-
age will be minimized as far as possible. 1t has already been pointed
ont that shrinkage begins at the fiber-saturation point, which for
southern vellow pine is estimated at about 25 per cent moisture
content, and that the surface of the picce reaches this point very
quickly after drying starts. The interior of the piece, however, doss
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not reach this point for a comparatively long time. Since green
southern yellow pine lumber will normally shrink approximately
12 per cent in volume when dried completely, the potential capaeity
for unequal shrinkage between surface and interior during kiln
drying is considerable.

Shrinkage in a piece of wood is for all practical purposes propor-
tional to the amount of meisture lost below the fber-seiuration
point. (Figs. 4 and. 5 and p. 10.} - For exatiple, when a picce or
any portion of s piece of southern yvellow pine has reached 135 per

QK —15

cent moisture content approximately '5251') =10/25 or two-fifths of
the total shrinkage normally possible has oceurred, and when it
reaches 5 per cent moisture confent the shrirknwe is four-ffths of
the total. Consequently the first step in establishing a drying sched-
ule for green lumber is to select an initial humidity that will hold
the moisture content at the surface of the lumber elose to the fber-
saturation point, so that surfuce shrinkage will be temporarily re-
tarded whi?g evaporgtion may be ab its highest permissible rate.
On the other hand, in order to secure a fiow to the surface of an
amount of moisture sufficient to make a high rate of evaporation
possible the surface must be below the fber-saturation point far
enough to cause transfusion of the moisture from the interior to it
{p- 4). Then as the interior passes below the fber-saturation point
and continues to dry the kiln humidity is Jowered by stages, so that
the surface will be enough drier than the interior to permit drying
but not enough to allow mueh difference in shrinkage.

DRYING CONDITIONS FOR KNOTTY STOCK

Clear, straight-grained stock when handled as just outlined may be
dried to a very low moisture content practically without degrade.
As explained on page 13, however, lnots do not shrink with the waod
surrounding them. = Consequiently knotty stock should not be dried
to as low a moisture content as straight-grained, upper-grade mate-
rial; since shrinkage is substantially in divect proporiion fo the drop
in moisture content below the fiber-saturation point, the lower the
moistire content the more probable will be damage to the knots,
TFurther, the purposes for which knotty grades are used are ordi-
narily less exacting as to moisture content than those of the upper
grades, and accordingly a moisture content equivalent to a well air-
dried condition is generally considered quite satisfactory. The
schedules made up for the knotty grades, therefore, are intended to
prevent every possibility of overdrying, deing it through the use of
relatively high humidities at all periods of drying, including the
minimurn humidity of the final period.

CRITICAL TEMPERATURE

All woods are more sensitive to temperature when green than
when dry. A combination of heat and moisture ut g temperature
sufficiently high, cortinued over a considerable period, wealtens the
wood structure so much that it will yield to shrinkage stresses in the
final stages of drying, thus making the occurrence of honeycombing
and collapse very likely. The lowest temperature that will permit
such a resuit is called fhe “ critical temperature.” For green mate-
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rial the eritical temperature varies widely among species, generally
being lower for hardwoods than for softwoods. As the stock becomes
drier and drier the critical temperature for a given species becomes
higher and higher. Thoroughly kiln-dried stock of any species can
withstand s very high kiln temperature without the development of
degrade. Drying schedules commonly recognize the critical tem-
perature of the species concerned ; the initinl temperatures for green
or semigreen stock nre kept below the point where injury is likel
to cecur, and as the drying progresses the temperatures are increased.
Furthermore, ns stock Increnses in thickmess the initial drying
temperatures are lowered. .

KILN SCHEDULES FOR SBOUTHERN YELLOW PINE

In comparison with most species the critical temperature of south-
ern yellow pine is quite high, permitting the use of relatively high
initial kiln temperatures. The temperatures given in the following
schedules are considered the most severe to which any part of the
kiln charge should be subjected. These temperatures, together with
the other conditions specified, are intended to dry the charge to an
average moisture content of approximately 7 per cent for No. 1 Com-
mon and Better stock and approximately 10 per cent for lower-grade
stock. The schedules, applying to the stock separations most common
at southern pine mills, ave for operation on a flat time basis and are
intended for use with forced-circulation compartment kilns. (Tables
4 to 8, inclusive.}) For natural-circulution compartment kilns the
sanme dry-bulb temperature may be used, but the relative humidities
must be nbout 10 per cent lower than the values given, since other-
wise the period required for drying will be excessive.

Tanrs 4. —Kitn-drying Schedule 108 for southern yellow pine, intended primarily
for fusi-circulation compurtment Bilng

[For 1 by 3 inch and 1 by 4 ineh No, 2 Commen and Better Sooring and portition stock]

Time in klin
a!lt:ehr&gheg:h Dry-buib ‘Wet-bulb Halative
ahould be | lemPerBiNIG temperature | himidity
made
Hours e F, °x, Per cend
L H 175 170 b1t}
5 160 170 a3
35 200 160 38
a7 - 19 182 84
72 End of run

manLE §.—Kiln-drying Schedule 107 for southern yellow pine, intended primarily
for fast-circutation compariment filng

{For t by & nch and wider No. 1 Common and Better lumber]

Thue in kil
after whith | poopan | Wesbuib | Relative

sﬁgﬁ? >, | temperature | temperature | humidity

msde

Fours ° K °F. Fer ernd
i) 180 175 84
5 W) 170 13
35 0 170 51
0 SH) 17 41
91 W0 182
96 End of run
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Tanre §—-Kiln-drying Schedule 108 for southern yellow pine, intended primarily
for fust-circulation compariment kilng

[For 1 by 6 inch and wider No. 2 Common lumber]

Time ln kiin
slierwhick | Drybud | Wetbulb | Relative
shouict be | temperature | tonpurnture | bumidity
made
Hours * R e R Per cent
3 176 170 Fait]
i) 319G 170 63
35 X0 1170 51
a7 00 182 84
72 End of run

! For stack contalning very large knots uso s wet-bulb temperature of 177° T,

TaBLR T—Kiln-drying Schedule 109 for southern yellow pine, intendod primerily
for fust-circulation compartment kiins

For all widths of 5/4-fnck and df4-inch finish stoek}

Timea in klio
3%"’;;"““}‘ Dry-bulb Wet-buib | Relative
shonlg ba tewmperature | temperaturs | humidity
I mnde
Heuura °F, °eF, Per cent
LH 175 170 89
5 180 170 '
W 1K) 130G 63
35 200 170 b1
85 200 166G 30
ith 106G 182 84
120 Exzd of run

Tastn 8—Kfln-drying Schedule 110 for southern yellow pine, intended primorily
for fast-circululion compariment Lilng

[For all widths of #/4-lnck finish stoek}

Time in klin
sir which | Drybu | Wet-bulb | Relative
should be | temperaturs | tempersture | humldity
mude
Hotirs ®F °F, Per cent
[ 176 170 ]
B 180 170 kit
10 190 170 63
50 200 179 51
08 200 1603 an
18 160 182 84
144 End of run

In progressive kilns, on the other hand, temperature and humidity
conditions are more a matter of location in the kiln and less one
of intentionul change at stated intervals. Temperature control is
usuelly limited to one end of the kiln, most frequently the dry end.
In 1t B),oth temperature and humidity may be maintained quite con-
stant but at the green end the femperatures vary more or less, bein
lowest immediately after loading and rising gradually as the stoc
becomes drier. Each operator of a progressive kiln will have to
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work out compromise schedules that meet the conditions in his
searticular kiln,  Probably the most satisfactory way to do this will

¢ to control the dry end at the maximum temperature and the
minimum humidity given in the proper schedule for compartment
kilns. For example, to appl Scﬁedule 107 to a progressive kiln,
the dry-bulb temperature at the dry end would be 210° F., the wet-
bulb 170°, and the relative humidity 41 per cent. The temperature
at the green end would be the natural difference between the two
ends and consequently it is very unlikely that this temperature would
exceed 190° during the first 24 hours. The final 5-hour conditioning
treatment speciﬁeﬁ in the schedules, of course, is impracticable in
natural-circulation progressive kilns.

The time required for drying varies somewhat with the class of
stock. The time given in the schedules is an average ‘minimum
R}n’iod suitable for normal virgin-growth longlenf or shortleaf stock.

any operators will find it necessary to keep the stock in the kiln
for 6 to 12 hours longer than the periods given. Second-growth
shortlenf pine in the longlenf nrens, and oldfield pine ** in particular,
is likely to require 25 per cent more time in the kiln, and the same
is true of rapid-growth and dense-growth longleaf. When addi-
tional time is needed, the final drymg period, which immediately
precedes the conditioning trentment, may be extended as mecessary.

FINAL CONDITIONING TREATMENT

The object of the finul high-humidity conditioning treatment
specified in the drying schedules is to relieve casehardening and to
make the moisture content of the stock more nearly uniform; how
this is accomplished will be described later. 1% is customary in con-
ditioning treatments, especially with hardwoods, to employ temper-
atures 156° I'. or more above the maximum drying temperatures in
the schedule. The same method would be advoeated for southern
yellow pine if it were practiceble. In the average kiln, however, it
1s_difficult to maintain a wet-bulb temperature much above 180°
without u tremendous steam consumption. On the other hand, it is
equally difficult to cool the charge quickly from 200° or 210° to much
less than 190°, because of the lurge amount of heat in the stock and
in the kiln walls. To secure the comparatively small difference
between dry-bulb and wet-bulb temperatures desired for such condi-
tioning, therefore, in the preceding schedules each temperature is
shifted a little way toward the other, thus accomplishing the purpose
intended with a reasonable expenditure of steam and of time.

STOCK SEPARATION TO HASTEN SEASONING

If o kiln charge includes both fast-drying and slow-drying stock,
it is the slow-drying material that determines the time required in
the kiln. Results better than those possible with a mixed charge,
better both in respect to quality of drying and in utilization of kiln
space, ean be secured through intelligent separation of stock. Or-
dinarily, sapwood in normal-growth southern yeilow pine will re-
quire about i2 hours longer in the kiln than heartwood because it

U 8ee footnote 8 on p. 15,
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contains more moisture to be evaporated. Again, the No. 2 Com-
mon grades require less time than the upper grades because they ave
not dried to so low o moisture contenf. IFurther, some southern
pine plants, which receive considersble quantities of red heart,'® find
that 1t con be dried in 80 to 86 hours less time than upper-grade
stock. Considering the preceding factors, the stock separations
should be about as follows: No. 1 Common and Better sapwood,
No, 1 Common and Better heartwood, No. 2 Common andp lower
stock, and red heart. Further separations for thickness and for
the characteristic differences between some kinds of longleaf and
of oldfield ** pine should be made as required.

MOISTURE-CONTENT DETERMINATION
OVEN-DRY METHOD

One of the primary requirements of successful drying is a means
for the accurate determination of the moisture content of lumber.
The customary method for such determination is to cross cut the
piece to he tested at lenst 2 feet from one end, to avoid the effect of
end drying, and then again about three-quarters of an inch from the
first cut, thereby obtaining a cross section as wide and as thick es
the original stock and three-quarters of an inch along the grain.
All loose splinters are then removed from the section and it is
weighed immediately on a sensitive scale. After recording the
weight, which is called the original weight, the section is placed in
» drying oven maintained at a constant temperature of about 212°
F., and is left there until it has attained a practically constant
weight, which will be in from 8 to 12 hours for kiln-dried southern
yellow pine. It is then reweighed, to obtain the oven-dry weight.
The difference between the original and the oven-dry weights repre-
sents the weight of the moisture originally in the section. The
oven-dry weight represents the weight of actual wood substance
with all water remeved. The percentage of moisture content may
now be determined by dividing the difference between the original
and the oven-dry weights by the latter and multiplying the result
by 100. The formula is:

Motsture content based _ Original weight — oven-dry weight
on oven-dry weight = Oven-dry weight

As an example, if the original weight is 150 grams and the final
weight is 90 grams, a difference of 60 grams, the moisture per-
centage will be Qg_g_r_q}_nsfx 100=66.7 per cent.

8e 90 grams P )

X 100.

Although any system of weights may be used, the most common
is the metrie, the unit weight of which is the gram; fractions of a
gram are expressed in decimals. Any suitable balance may be used.
One of the most popular among kiln operators is & multiple-beam
type; this balance has a pan suspended from the main beam, and
each beam is provided with n sliding weight. It has a normal
capacity of 111 grams, with an auxiliary loose weight that nearly

9 Bep footnote B on p. 15 U Bee footoote 8 on p. 15,
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doubles this eapacity, With ordinary metal bearings, the sensi-
tivity of this ba.Fance is about 0.05 of a gram, and with agate bear-
ings it is sensitive to abont 0.02 of a gram. Balances can be obtained
from most dry-lciln manufacturers and from deslers in scientific
instruments.

INBTANTANEOUS METHODS

Since seversl hours are required to make g moisture determination
by the oven-dry method *° a quicker means for determining when the
vharge is ready to lenve the kiln is desirable for a rapid-drying stock
like southern yellow pine. The length of time that the stock has been
in the Itiln may be taken as an indication of when to begin making
definite tests, but should nof be considered proof that the lumber is
suitably dry, since the drying period varies with many factors. The
moisture content of o fresh charge may be either higher or lower
than usual, the kiln may have been shut down for a few hours, the
temperuture in the kiln may have been below normal, chilled stock
londed on & cold winter day may take from 6 to 12 hours longer to
dry than stock loaded on a moderately warm day, and sometimes an
unusually large amount of sapwood is present. These and similar
factors may either increase or decremse the time in the kiln, thus
muking a definite test imperative.

Some expericnced kiln operators can test stock for dryness by cut-
ting into the stock with o sharp knife, obtaining s splinter from the
board and snapping it much the same as breaking a matech stick,
If the piece breaks freely and sharply it is dry, but if the piece
appears tough and does not break apart readily it is still green. This
kmife test is usually applied to a number of sapwood boards scattered
over the face of the pile und the examiner offen judges as much by
the way the knife cuts the stock as by the action of the splinter.

When southern yellow pine becowes overdry a strong, pungent
odor escapes from the kiln. A few pieces in o kiln charge always
dry more rapidly than the rest; for instance, a charge dried to an
average roisture content of 5 or 6 per cent will contain some pieces
of only 2 per cent. The 2 per cent pieces are overdried; their brit-
tleness is inecreased, and something in the wood, possibly the eleo-
resin, evaporates, causing the pungent odor mentioned. Some opera-
tors becorne skillful in detecting av odor that precedes the one from
overdry stock, and pull the load on this indication.

LIMITATIONS OF THE INSTANTANEOUS METHODS

Kiln runs should be checked frequently with a positive moisture
determinatior, although termination of the run need not always
be delayed for the outeome of the deferminntion. Apparatus for
making such determinations quickly are being developed; at present,
however, the only positive methed is the oven-dry. An operator
sicllful with the knife or other instantaneous test can become skillful
snd can remain so only through constant checking of his rule-of-
thumb method. Further, the number of orders for which & moisture
content is specified by the buyer is constantly increasing. The term
“Iriln driedt ” does not in itself determine how dry the stock may

1 Jee footuote 4 on b, 2.
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be nor does the knife test, the time in the kiln, or the odor. Only
the equivalent of an oven-dry test will do that. :

VARIATION IN MOISTURE CONTENT THROUGHOUT THE KILN
CHARGE

At the time of unloading the kiln there is usually o rather wide
difference in moisture content between the driest and the greenest
pieces. The higher the average moisture content of the kiln charge
the wider this difference is likely to be. It is less in stock dried
in kilns having forced or sugmented circulation and humidity con-
trol than in lilns depending upon patursl cireulation, with or with-
out humidity control,

Tests have shown, where the average moisture content at the kiln
door in 4/4-inch stock is about 8 per cent, thut 90 per cent of the stock
is below 12 per cent moisture content. In the remaining 10 per cent
of the stock individual pieces containing hetween 20 and 30 per cent
ure sometimes found, ulthough where good kiln control exists the
upper limit ordinarily is below 18 per cent. Consequently tests on
one ar two boards will not be indicative of the true range of dryness
of the charge; it is better to mnke several tests, 10 or more, when a
fair degree of nccuracy is desired.

The lowest moisture content in a truck load of stock is usually
found in the outer layers of the pile and in the upper half of the
load; the high values occur in the middie of the load and in the
lower half, IFurther, there are differences in the stock itself, that
from certain logs drying more slowly than the stock from others;
this fact frequently accounts for lack of uniformity in the drying of
adjacent boards.  Pitchy stock, for instance, dries much mors slowly
than stock free from piteh. A piece of 4/4-inch stock showing heart-
woodl full of pitch in the center of the cross section and pitch-free
sapwood on the outside was found to contain 81 per cent moisture
in the heartwood and 109 per cent in the sapwood before it entered
the kiln. When the load was removed from ihe kiln this piece was
again tested; the heartwood was found to contain about 17 per cent
and the sapwood only 8.4 per cent moisture.

EFFECT OF THE DRYING SC%%EELE ON THE EXUDATION OF

Injuries to the growing southern yellow pine tree will cause pitch
to accumulate in the surrounding wood fibers, and large injuries,
such as turpentining, sometimes cause pilch deposits that permeate
the wood for a considerable distance nbove the wound. This pitchy
material becomes partially fluid when subjected to the temperrtures
usual in the kiln and moves to the surfaces of the pieces. The
lighter oils will then evaporate and the residue will remain on the
surfaces as rosin,

Degrade from pitch in southern yellow pine is most common
where the stock is overdried and partieularly where temperatures
in excess of 220° F. are used. The lower the average moisture con-
tent of a kiln-dried piece the greater the amount of pitch visible.
Stock dried under schedules that prevent overdrying, by using rela-
tive humidities of not less than 40 per cent and temperatures not

4]
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over 220°, has fewer pitchy pieces than stock dried where these con-
ditions nre exceeded. Where the moisture content of the stocl is 5
per cent or more there is less pitch exudation than in stock ranging
from 2 to 4 per cent. Appavently the resinous deposit does not
move through the wood readily until most of the water has been
evaporuted.

COST OF SHUTTING DOWN THE KILN

At many plants the steam supply to the kiln is shut off from
Suaturday evening to Monday wmorning in order to conserve fuel.
This may be done becruse of lack of storage space for fuel or be-
cruse »ll surplus fuel is sold. Whatever the rcason, the practice is
bud, both for the lumber in the kiln and for the kiln structure. It
is particularly bmd practice in natural-circulation progressive kilns
because of the manner in which it bresks up the continuity of the
drying operation. Some tests were made in a battery of such kilns,
the stock under observation being 4/4-inch No. 1 Common and
Better longleaf pine drying under a 3-day schedule throngh the kiln.
The degrade in stock nnloaded Monday, Tuesday, and Wednesday
\S\’us a_l;lout double that of stock unloanded Thursday, Friday, and

wturdaey.

When the steam supply was cut off, on n Saturday, the tempera-
ture in the kilns dropped slowly; it was 24 hours before the tempera-
ture at the dry end dropped from 220° to 150° F. and 30 hours before
it dropped to 120°, becanse of the heat stored in the walls and in the
lumber. Such circulation as existed was crosswise instend of length-
wise because the walls were the principal source of heat. The
humidity, on the other hand, dropped very rapidly throughout the
kiln, particularly at the green end. Hence a considerable amount
of drying, especially at the green end, took place while the steam
was cut off. Late Sunday night, when the steam was turned on
igain, the stock in the green end had become so dry that the evapora-
tiop was no longer enough faster than at the dry end to reestablish
the longitudinal eirculation definifely and consequently the kiln oper-
ated temporsrily as @ compartment kiln, On Monday morning, the
charge at the dry end was unlorded and a fresh load of green stock
was placed in the kiln, after which the proper circulation reestab-
lished itself. All of the stock in the kiln during the time the steam
was cut off was overdried and accordingly sustained more kiln dam-
age than the stock dried by continuous operation. A rough but con-
servative estimate of the degrade resulting from the Sunday-closing
practice showed a loss of more than $450 in the value of the stock
confained in eight kilns; to-day the loss would be greater.

The Sunday-closing practice also causes very rapid deterioration
of the structure and the beating system. The alternate expansion
and contraction in the brick walls of the kilns examined had pro-
duced great cracks, and the walls were out of line. Repairing, done
presumnbly when parts of the wall had been found unsefe, was
evident. The reintorced concrete roof was cracked and was slowly
disintegrating at the cracks. The heating coils were in constant
need of attention because of the effects of continued expansion and
contraction. When it is necessary that the steam supply be cut off
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from a kiln, every effort should be made to maintain both the tem-
perature and the humidity until the steam is again turned on. The
dampers, both inlet and outlet, should be closed and if it is available
a small amount of steam should be released from the sprays to retain
ihe humidity.

STEAM CONSUMPTION

A tremendous amount of moisture escapes from the kilns every
hour in the form of vapor. This vapor includes both the evaporated
moisture and any steamin used for humidification, The evaporated
moisture sione averages approximately 25 pounds an hour for each
thousand feet of ordinary lumber in the kiln, which is 1,312 pounds

er hour for a 105-foot kiln holding 15 trucks of 8,500 board feet each,

uring some tests in a forced-circulation kiln on 4/4-inch No. 1
Comumon and Better longleaf pine the steam consumption averaged
2,76 pounds per pound of water evaporated, about one-half of which
was used in maintuining humidity. For No. 2 Common stock, which
had a faster average drying rate because of its shorter time in the
kiln, the steam consumption was 2.16 pounds per pound of water
evaporated. In natural-circulation kilns without humidity control,
stenn consumption is nearer 2 pounds per pound of evaporated water
for No. 1 Common and Better and somewhat less for No. 2 Common
stock. If kilns could be made reasonably vapor tight the amount of
steam required could be reduced, particularly that required for con-
trolling the humidity; in fact, if the kiln were practically vapor tight
enough of the evaporated moisture couid be retained +r maintain the
desired humidity, and the excess would then be allowed to escape
through ventilators,

A change in the outside temperature has some effect on the steam
consumption in dvy kilns. A sharp drop, like that which at times
oceurs cluring & thundershower, shows an appreciable increase in such
consumption. The peak load in progressive kilns occurs immediately
after the kiln has been freshiy charged and gradually decreases as
the drying progresses. The same is true of compartment kilns, with
smaller peaks occurring each timne the temperatures are stepped up,
In o natural-circilation progressive kiln under test, the average steam
consumption was 1,091 pounds per hour; the peak load, which oc-
curted 1mmediately after loading, was 1,720 pounds per hour, and
the minimum was 930 pounds per hour, just before unloading.

The amount of condensation per square foot of radiating surface
is largely a matter of circulation. In adjacent kilns, one natural cir-
culation and the other forced circulation, it was found that 1.08
pounds of steam could be condensed per square foot of radiating
surface per hour in the forced-circulation kiin against 0.39 pound in
the natural-circulation one.  Where the efficiency of the heating coils
is increased by good circulation, the amount of heating surface can
be reduced proportionally.

TEMPERATURE-CONTROL DEVICES
CONTROL EQUIPMENT IN THE STEAM LINES

The desivability of controlling temperature and humidity has been
discussed elsewhere. (Pp. 38 to 41.) The usual methods of con-
trolling humidity require that the temperature also be controlled
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within reasonably close limits. The high temperatures used for dry-
ing southern yellow pine require high-pressure steam, exhaust steam
not being hot enough' to maintain the maximum temperature.
Usually the steam supply is taken direct from the boilers to the kiln
but, since the boiler pressure may vary widely because of the inter-
mittent peak loads of the engines and other steam-operated machin-
ery, a pressure regulator should be installed on the steam main to the
kilns, preferably at or near the kilns. This pressure regulator should
be set to provicde from 80 to 200 pounds pressure in the steam main.
The steam supply line to the coils in each kiln is provided with a
globe or = gate valve by which the entire steam su{)ply to each kiin
may be turned on or cut off. Mary kilns are provided with multiple
coil};, in which event each coil should be provided with an individual
valve on its particular supply line, in addition to the main valves.
All valves should be outside of the kiln in an accessible position,
prefecably in an operating pit below the tracks on the kiln platform.

MANUAL CONTROL

In the older types of kilns, the only control of temperature is
through the hand-operated steam-supply valve on each kiln. Hand
control in high-temperature kilns can irlardly be expected to func-
tion within a 15° ¥, temperature fluctuation, and fthe variation is
frequently 20° to 25°. Automatic temperature-control devices have
become very popular in recent years and their use is spreading
rapidly.

SELF-CONTAINED AUTOMATIC CONTROLLERS

Automatic temperature coutrollers, which are also called thermo-
stats, are of two general types, the self-contained and the auxiliary-
operated. The self-contained type consists of s bulb to be located
in the kiln, a capillary tube connecting the bulb with the motor head
of the valve, and the valve itself. The bulb and its connecting tube
are filled with a suitable liquid or vapor that expands and contracts
respectively with rise and fall of the kiln temperature, causing
corresponding changes in pressure in the motor head, which in turn
transforms the changes into motion. The movement of the motor
head is transmitted through a stem to the valve. Seli-contained
thermostats, which are set for the temperature desired by means of
a spring or sliding weights, are designed for a maximum range in
temperature control of about 80° ¥. For example, if the range in
temperature control is from 140° to 220°, the controller will not op-
erate satisfactorily below 140° or sbove 220°. Since a material
change in temperature of the motor head affects its setting, self-
contained thermostats should not be placed where the temperature
of the motor head approaches the temperature of the kiln, but should
be located in a protected place where temperatures are reasonably
constant, and OF course lower than the kiln temperature; such a
place preferably will be an operating pit below the kiln platform.

The principal field of usefulness of the self-contained thermostat
is in progressive kilns, where the temperature at the control bulb is
intended to be constant, rather than in compartment kilns, where
temperatures are changed currently as required by the schedule.
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AUXILIARY-OPERATED AUTOMATIC CONTROLLEBRS

Auxiligry-operated thermostats for dry-kiln use are made in
various types; compressed air, electricity, water, or steam may be
employed to operate the valve. The most common are the air-
operated type, working under about 15 pounds gauge pressure. As
with the self-contained type, the temperature-sensitive element,
called a bulb, is located in the kiln and is connected by means of &
capillary tube to the valve-operating mechanism outside of the kiln,
Temperature changes at the bulb vary the pressure of the liquid or
vapor within the bulb and the pressure changes are transmitted to
the operating mechanism and then are relayed to a disphragm-motor
valve on the steam supply line; all auxibary-operated thermostats,
except the electrical, require a diaphragm type of motor.

The design of suxiliary-operated thermostats permits their opera-
tion through s very wide temperature range. Air-operated thermo-
stats are provided with a pair of small pressure gauges, located on
the air lines so as to show the position of the valve, which are of
considerable assistance when the operator is making temperature ad-
justments. This type of thermostat is also manufactured in com-
bination with a recording thermometer in which temperature adjust-
ments are made by a direct-set arm on the face of the recorder chart.

HUMIDITY-CONTROL DEVICES

Humidity control is obtained by means of the same tgpes of ther-
mostats as those used for temperature control. The bulb in the kiln,
however, is covered with a wick dipping in water or is kept moist by
other means, so that evaporation at this bulb reduces its temperature
(the wat-bulb temperature) below that of the kiln (the dry-bulb
temperature). The reduction is proportional to the rate of evapora-
tion, which in turn is inversely proportional to the humidity in the
kiln when the circulation past the bulb is sufficient to enable it to
give an accurate indieation. The thermostat vaive that is controlled

y the wet-bulb temperature itself governs the steam supply to the
spreys, admitting steam when the wet-bulb temperature drops, and
closing the line as soon as the steam has raised the humidity to the
value corresponding to the (wet-bulb) temperature for which the
thermostat is set.

RECORDING THERMOMETERS

The temperatures and bumidities within southern pine kilns are
such that it is impractical to obtain temperature readings with ordi-
vary indicating thermometers and hygrometers. Further, such read-
ings are of value only in showing the temperature et the moment
the reading is made. Recording thermometers for recording both
dry-bulb and wet-bulb temperatures are very generally used and in
consequence need ne description here; *° it is enough to say that good,
reliable recording thermometers should be part of the equipment of
every kiln where any degree of temperature or humidity control is
attempted.

i Spp footoote 4 on p.o 2.
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LOCATION OF THERMOSTATS AND THERMOSTAT BULBS

Drying schedules ave intended to specify the most severe condi-
| tions to which the lumber will be exposed during the stage of drying
indicated. The most severe drying conditions obtain where the air
enters the pile, which in natural-cireulation progressive kilns is
usually the bottom of the pile at the dry end of the kiln. I£ the bulb
could be located between the heabing coils and the lumber, accurate
control would be reasonably nssured. That position, however, is fre-
. (uently impreetical, and the next best place is usually on the side
wall, possibly 20 feet back from the doors at the dry end. In natural-
circulation compartment kilns having their churscteristic air move-
| ment across the kiln, the side wall is again the best position. In
forced-circulation kilns it is worth considerable thought and effort
to find some means of locating the bulbs in the entering-sir position,
wherever it may be.

The temperature recorder will often show a wide fluctuation in
temperature even with # eontroller in service in the kiln. Such a
fluctuation was observed in a cross-piled compartment kiln where
the circulation was supposed to be augmented by steam sprays, bub
was nob so augmented beeause the sprays had been improperly lo-
cated in the original installation. The heating coils consmisted of one
big unit below the rails, and the sprays were just above the coils,
polnting upward ; the bulb of the controlling thermostat was on o side
wall. When the stock was green the circulation was downward from
the Jumber in spite of the spray, and up the side walls. After the
temperature at the bulb had become low enough to open the thermo-
stat governing the supply to the heating coils, some time would elapse
before the alr movement would earry the now rising temperature up
to the bulh. When the bulb temperature reached the point at which
the thermostat closed, the hot air moving from the coils to the bulb
would still be inecreasing in temperature. The thermostet was
actuntly opening and closing the steam supply line in aceordance with
its setting, but because of the slow air movement the temperatures
coasted after the thermostat had functioned. In cases like this one
ihe more rapid the circalation the less the variation in temperature.
Furthermore, multiple heating units are also of advantege in that
with them only s slight excess of heating surface is in use at any
time and consequently the coils contain steam at all times, the thermo-
stat acting only to throttle the excess steam.

HANDLING STOCK BEFORE AND AFTER KILN DRYING
PILING ON KILN CARS

Careful and proper stacking of the lumber on the kiln cars is a
primary factor in successful Tiln drying, practically egqual in im-
portance to proper kiln operation. Fnufty stacking is more or less
directly responsible for all of the warping and most of the end check-
ing that oceur in the kiln; it contributes fo unequal drying and is the
indirect cause of most of the splitting nt the planer. Very few in-
atances have been found in the southern pine region where the stack-
ing wpproaches the standards required to keep at o minimum the

78722305
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degrade caused by this factor. Poor stacking is more & matter of
carelessness and luck of appreciation of its importance than n matter
of economy in stacking costs, for the standards of stacking discussed
herenfter add almost nothing to the labor and only little to the num-
ber of stickers, crossties, and kiln trreks, and on the other hand offer
severn} decided economies.

METHODS OF PILING

The plant layout nsually determines whether the kiln trucks will
be piled with the lumber crosswise (pl. 3, C)} or lengthwise (pl. 3,
A and B) of the kiln; the crosswise method, however, is the more
common. Two styles of stacking are also used; fap stacking, in
which the boards are laid flat on the trucks and the stickers are hori-
zontal; and edge stacking, in which-the boards stand on edge on
the truck with the stickers vertical in the load. Edge stecking in
southern pine mills is usually combined with cross piling. Flat
stecking is more cormon than’ edge stacking,

BEDUCING Warp ™

It is w characteristic of lumber to tend to warp somewhat while
drying; the amount of actual warp depends on the species of wood
and on such factors as crookedness of grain, the presence of sapwood
und heartswood in the same piece, and the position of the piece in the
log, and most of all on the lack of resiraint while drying. (Pl 4.)
Further, heat sottens wood to some extent, maling it less resistant to
the internal forees that cause warping and also to any external forces
to which the wood may be subjected. Fortunately the sottening
process reduces the magnitude of the internal stresses at the same
time, and thus makes it possible to apply external forces advantage-
ously. The sticker furnishes the external force, resisting the warp
and holding the stock flat for a certain distance on each side. The
greater the distance between stickers, the greater the amount of warp,
and therefore the stickers must be spaced closely enough to hold the
warp to & minimun.

The restraint that is exerted by the stickers, of course, comes
Iargely from the weight of the lumber above them. Consequently
the Jumber in the extreme upper courses, which is restrained only
lightly unless weights are placed on the pile, is likely to warp.

REDUCING CHECRING AND SPLITTING

Proper stacking will prevent a large part of the waste caused by
end checks and splits. End checks that develop during drying will
almost always stop at the first sticker they reach. Obviously the
proper place for tﬁe end, stickers is as near the ends of the load as
possible. Splits that oceur at the planer are prine ally a result of
warp and may be veduced in proportion to the reduction of warp.
In one test on southern yellow pine it was found that the waste re.
sulting from trimming to hold the stock on grade was 0.7 per cent
when the stickers were at the ends of the load and 2.5 per cent when
they were back 6 to 12 inches from the ends. Warp may arise from

¥ Warp is noy varialion from n true or plane surface. It ineludes eraok, tow, eup, and
twist, ov any vombloution of those,
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imperfectly manufactured stock, or” from placing stock of unequal
thickness in the same course; under such conditions the stickers have
to bridge over the thin stock unsupported. The weight of the stock
above will then bend or break the sticker and will thus cause dis-
tortion in the upper courses.

GOOD FMILING PRACTICE

The Limitations of edge piling ave such that it is move or less
impractical to conform to all of the essentials of good piling when
emploving the edge method. The following discussion, therefore,
is predicated on flat piling although some of the features may be
followed in edge piling. The essentials of good piling are (1) 'a
sifficient number of strong kiln trucks in grood condition; (2) rigid
supports under each line of stickers; (8) stickers of sound, elear
materinl of even thickness and with proper spacing, placing in ver-
ticul alignment in the ear over the supports; (4) stickers at the
extreme ends of the load; and (5) uniforin thicknesses of stock in
each course.

For end piling cither the sticker spacing or the transfer track will
datermine the location of the kiln trucks; an extra pair of trucks
may be required to support the crossties neededl in the middle of the
tram, (PL 3, B.) For cross-piled trucks, stesl rails or I beams
are commonly used under the pile; & reasonable number of them
provide a rigid support for the stickers regardless of sticker spucing.

BOX PILING

Where stock on a car is of mixed lengths, it should be box piled,
with the long lengths on the outside of the pile and the short
lengths inside and so placed that one end of ench board is on the
ontside sticker at one end of the car, and with successive short boards
in the same course extending to opposite ends. In each succeeding
course the outer ends of the short boards should be kept imme-
diately over the ends of those below in order to furnish support for
those above.

BIACE FOR VERTICAL CTROUTLATION IX FLAT PILING

For natural-circulation and combination natural-circulation and
forced-circulation kilns in which the principal air movement is ver-
tieal, ample space should be left between adjacent flat-piled hoards
or groups of boards in each conrse in order to provide a free move-
ment of the air. Such spaces in snccessive courses should be in ver-
tical alignment so as to form unobstructed air passages (flues) from
the top to the bottom of the pile. These flues should be not less than
4 inches wide, and if the circulation is feeble or if the drying is not
substantially aniform throughout the kiln charge the width should
be increased, up to a maximum of 6 inches. The distance between
flues should not exceed 14 inches, nnd 12 inches is better; the smaller
distance may be obtained by grouping three 4-inch boards, two 6-
inch boards, one 4-inch and one 8-inch, and so on.




56 TECHNICAL BULLETIN 185, U. §. DEPT, OF AGRIOULTURD
STIOKIRS

The stickers should be made of clear, straight-grained stock, en-
tirely free from both stain and decay, and should be dressed to a
uniform thickness of not less than seven-eights inch for flat-stacked
piles. If the stickers are made about one and one-half times as wide
us they are thick they will lie flat instead of tending to roll when
the boards are laid upon them. Sometimes stickers 3 to 4 inches
wide are used but this is poor practice because such stickers cover
so much surface that the drying is unequal and checks are likely
to develop in the lumber underneath them. (Pl 5.)

-In edge stacking the size and the requirements of the stacking
machine may determine both the width and the thickness of the
stickers,

The stacking racks and machines used for edge piling in the
South usuaily limit the stickers to three rows in the length of the
pile; the flow of air is through the spaces between sticﬁers. The
kiln trucks ordinarily are not provided with an automatic teke-up
device of suflicient capacity and hence it is quite common, when the
lumber is partly dried and shrinkage has begun, for layers or parts
of layers to fall between stickers, thus closing up some of the air
passages. (PL 6.)

1088 CAUSED RY IMPROPER STICEERING

Numerous tests have been made to demonstrate the advantage
of proper tpiling for No. 2 Common and Better stock. The results

of some of these tests follow. A 16-foot load of longleaf pine, 6-
inch and wider, No. 2 Common and Better, piled witﬁ six stickers
vnrj;;ing in spacing from 2 feet § inches to 4 feet 8 inches, with the
sticker lines placed over crossties, was compared with 2 load of
similar stock having stickers 2 feet apart. The stock was dried
in a progressive natural-cireulation kiln without temperature or
humidity control, and was run through the planer and graded about
24 hours after leaving the kiln. Table 9 shows the average depre-
ctation in value per thousand board feet of each load,

TApLe 9.—Comparison of losscs cansed by degrade, for kiln drying under con~
ditions differing only it the spacing of the stickers, in 6-inch and wider long-
leaf pine lumber 6, 8, 10, and 12 feet long

Losses caused by degrade when using—

8ix sticker tiera spaced
from 2 feet 6 inches |Bticker tiers 2 feet apart
Gradas of stock to 4 leet. 8 inches

Alock on I'Lm[’“bg::d Gtock on

grada Toet, 1 grado

Per cent Dollar. Per cent
Band Betler. e mim e —————— 3 . X
No. | Common..._. . - , 5 .7
No. 2 Common . . 0

1 Based oo lumber prices substantislly the same us those Jor Junuary, 1923,
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In another test on longleaf pine only four sticker tiers, placed 4
feet npart with the stock overhunging 2 feet at each end, were used;
this is o method of piling very common at many southern pine mills.
Kiln enrs so loaded were dried along with some 9-sticker loads in
kilns having forced circulation, accurate temperature and humidity
control, and a clrying schedule similar to those recommended in this
publivation. Here again all the stock was run through the planer the
duy following its removal from the kiln, and was graded and tallied
behind the planer. The avernge depreciation in value per thousand
board feet appears in Table 10. A similar test was made on 8-inch
No. 2 Conunon shortleaf pine in a typical progressive kiln. The
depreciation in value of this stock appears in Table 11.

Tante 10.—Comparison of losses canscd by degraide in j-aticker and H-sticker
pites of B-tnch upper-grade longenf pine

r
Loss cungesd by degrade when using—

;: 4 sthekors per course : 9 stickers Per COuTSS

Chrnele of slock

_ L.oss per " T.os8 por
Sloek on Stock on
ratls 1,mméulnrd e l'mrge tt:cllﬂrd

I Per cent Dofiurs Per cemt Daltara
I3 ol Notrer, S48 ... ’ 73.30 380 97.10 0.
Mo Comimmon, 848, ., . .40 T 47.05 ]

! 1insed on Jumber prices substantiglly the same as those for January, 1924,

TanrLe 1L.—Compurisen of Insscs efiesed by depgrade in j-sticker and 9-sticker
pileg of S-inch No, 2 Conunon shorticaf pine

Loss enuser? by degrade when using—

. 4 suckers per course 0 stiekers per conrse
Run No.

- .. Loss per .
Stock on Steck on
grile i l,Dtigct'::olnrll gradle

Per cent Dollars

.0 | 1,72
5.7 | N
L .98
i

1 Besed on lnmber prices substantislly the satme es those far January, 1629,

Very slight cupping will cause dry southern yellow pine stock to
sFlit as the stock is flattened on the planer bed, and will also increase
the breakage and the loosening of knots. The support given to the
stock by suitable stickers spaced about 2 feet apart slmost entirely
prevents distortion during drying. In the test, crook was found to
be very common in the 4-sticker stoclk, particularty slight and medium
crook, which in itself was not severe enough to cause degrade. In
the 9-sticker lots there was almost no crook, elthough what was found
was proncunced and usuully was enough to cause degrade. The
tests have shown that the close sticker spacing prevents most of the
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crook, particularly the slight and medium, but where very pro-
nounced compression wood veeurs on the edge of the piece crook
develops in spite of the restraint of the stickers,

COMPARIBON OF FLAT AND EDGE STACKING

While flaf stacking is the rule at the majority of the southern pinc
mills (pl. T, A}, the possibility of using mechanical stacking and
unstacking equipment has induced some mills to adopt edge stacking
in the expectation of a reduction in labor costs. Edge-stacked lum-
ber, however. is more free to warp in drying and consequently the
degrade from planer splitting s tncreased proportionately. Three
tests were made at one mill cutting shortleaf pine, in which one car
each of edge-stacked and of flat-stacked lumber wus put through
the same kiln ot the sume time, with the results shown in Table I2.

Tasre 12—Compurison of loxges eoused by degrode in edge-sineked and n flat-
stucked 1 by 8§ Inch No. 2 Common shorticuf phic

Loss eaused by degrade in lumber—

. Edge-stacked, nsing Flat-stacked, nstng
Run No. 3 tiers of stivkers 2 thers of stickers
_ T.o88 por . f.088 Der
Stock on Stock on
1
grade l,t!}ﬂ I;(i’n.l'd wriide i ,l)l[]:i‘t)?ard

" Per cent Daollars FPer cent Doilars
8.8 110

L6 .08 8.
A6 23 85.4 .81
B4 - 7.4 .13

1 Baged on lumber prices substantially the snme a8 thoese for Innuary, 1026,

The tesis of Table 12 were made in progressive natural-cireulation
kiins in which the temperature was under nutomatic control. In
run 3 the humidity was automatically controlled as well and the
steam sprays were so instailed as to augment the natural circulation;
overdrying was prevented by using proper final humidities. Tt is
quite apparent from these tests thut, whether southern yellow pine
1s cdried with or without suitable humidity control, flat-stacked stock
piled with numerous rows of stickers gives the better results.

STORAGE AFTER KILN DRYING AND BEFORE MACHINING

It has been pointed out that there are three major independent
factors in seasoning stock in preparation for planing, two of which—
kiln operation and stacking tor the kiln—have been examined. The
importance of the third—stornge of kiln-dried rough stock in dry
shed {pls. 7 B and 8)-—depends largely upon the conditions masin-
tained in the kiln. The discussion following deals only with the
effect of storage on kiln degradle; it is not concerned with the other
purposes and iwith the general andvantages of the practice of dry
storuge.

The moisture content of stock at the time of machining has a
very important bearing upon degrade. If the stock is overdry, the
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tongues, grooves, and beads tear and break and the plain surfaces
chip. Such stock also splits and checks badly, and any cop or twist
greatly increases the damage. Underdry stock does not plane
snwotflyly. Stock as it leaves the kil often varies widely in moisture
content, particutarly with natursl-circulation kilns, some pieces ns
low s 2 per cent moisture content and other ns high as 20 per cent
or more coming from the same kiln charge of upper-grade stock.
When stored in butk the tendency is for all pieces to come to o
moisture content in cquilibrium with the atmosphere. When stock
is piled solid, the pieces of high-moisture content transfer moisture
to those of low-moisture content, and the pile, as & whole, gradunlly
und slowly attempts to reach the equilibrium moisture content. The
exposed, vverhmuging ends will rapidly reach this condition, but
within the pile several weeks or even months may elapse before the
moisture content is equalized. Nurrow flooring strips will come to
equilibrium more rapidly than wide boards, since the percentags of
free wir space and the resuliing ventilation within the pile is greater
for the strips.

In an wverage dry shed, so constructed as to protect the stock
from driving raing, the equilibrium meisture content of the stock as
found by Llesls made on overhanging ends will range from 8 to 12
per cent, depending upon the thine of year und the outside atmos-
vheric conclitions. Ordinarily the shed conditions are such that all
the stock will have a lower moisture content than the sume materizl
would hitve if it were stored in piles in the open. Further, the mois-
ture content of stock within the piles will usually be lower than that
in the overhnnging ends. In some tests made on longleaf flooring
strips in storage three weeks the overhanging ends showed a mois-
ture content of 10.5 to 11.5 per cent, while the portions of the same
pieces within the pile contained only from 6.5 to 9 per cent molsture.

The atmospheric conditions within unheated sheds are actually
such that the equilibrium moisture content. of lumber stoted in them
muay attain a vadue above that desived for upper-grade stock, but the
rate of absorption in bullk piles is quite siow and a considerable
period of time clapses before the intervior of u fresh pile is atfected.
On 1he other hand, it the moisture content at the ends of the piles,
especinlly thet of the projecting portions of overhanging ends. varies
from the moisture content of the portion of the board within the pile
some distortion in shape will follow after machining. For example,
flovring strips such as those alveady described may contain at the
time of machining about 11 per cent moisture throughout 2 or more
feet at one end where the end overhung the main portion of the pile,
and perhaps 6 per cent throughout the rest of the strip. Iater, after
the moisture content has become uniform throughout the length of
the machined piece, the dimensions will not be the same in the end
section as in the rest of the piece. Stock in this condition is some-
times found in the finish shed before shipment and very frequently
is found at the retail ynrds or after delivery to the building where
it is to be used.

Overhanging ends obviously should be avoided in so far as pos-
sible. Further, where sssurance of moisture control for the lumber
in storage 15 cesired, the sheds should be inclosed on all sides and
provided w*th a heating system for use in cold or dump weather.
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Casehardening stresses are relieved to some degree by the slight -
graclual changes in moisture content of stored stock, as it follows |
slowly the variation in atmospheric humidity. Im this respect the :
action is quite similar to that obtained by means of the steaming
process called for in the drying schedules, but the results are less
posttive and by comparison are very slow. Casehardening tests on !
longleat pine flooring strips that had been dried in u natural-civeu-
lation progressive kiln and stored three weelks indicated that there
was very little stress present, but the same kind of stock as it left the
kiln was quite severely casehardened. Twist, bow, and cup are to -
some extent ironed out in storage under the weight of the pile.

Bulk piling, however, does not particularly affect the degrade !
enused by knots. In a test on 8-inch No. 2 Common longleaf some-
what overdried in a progressive natural-cireulation kiln, the degrade -
when the stock was run direct from the kiln to the planer was §3.8
per cent, but after bulk piling for 30 days the same kind of stock had
# degrade of only 28.5 per cent. The degrade chavrged to domaged
knots was 15.4 und 14.9 per cent, respectively, while that charged to
splits was 37.4 und 12.8 per cent, respectively. The moisture content
of the stock at the kiln door averaged about 5 per cent and after
storage 11 per cent,

Long periods of storage after drying, such as 6 to 12 months, are
particularly beneficial, providing the stock does not pick up too much
moisture. and even short periods of 10 to 20 days cause a marked
improvement in flooring strips and narrow finish. Fifteen days in
the rough shed raised the proportion on grade of 1 by 4 inch B and
Better flooring strips from 83.5 to 92.7 per cent. Six months raised
1 by 8 inch B and Better from 87.5 to 94.6 per cent.

Storage in the rough shed for a minimum period of three weeks
will prove economically worth while for the product of the ordinary
type of natural-cireulation progressive kiln, in which it is imprac-
ticable to follow a drying schedule that requires maintsining a hu-
midity of at least 40 per cent for No. 1 Common and Better and 50
per cent for No. 2 Commeon stock. On the other hand, with kilns
where these humicity conditions can be maintained there will not be
enough saving in degrade to pry the handling costs of such storage.
Where it is possible to steam the stock in the kiln immediately before
removal, storage is not justified as a means of reducing degrade.
Euch handling of stock ecauses a certain amount of degrade, and the
cost of handling and the attendant overhead suggest that such stock
should be run direct from kiln to planer whenever possible. The
sizes and grades in common demand can bs run direct, and the storage
shed can then be used to necumulate the items not moving rapidly, to
permit the seprration of grades, and to hold stock in the rough until
it is needed to fill orders.

MACHINING KILN-DRIED STOCK

From a large number of moisture determinations on southern yel-
low pine that was leaving the planer, made in various stuclies of de-
erade, it appears that the range of moisture content through which
the best planer work is obtained is from above 5 per cent to below
18 per cent. As the moisture content drops below 5 per cent, planer
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splitting, torn grain, and chipping increase, and above 20 per cent the
surface is rough nnd fuzzy. There would be less damage to knots if
the moisture content of the stock containing them were not below 7
per cent for knots up to 1 inch in diameter, and were 10 to 12 per cent
and even higher for large knots. Most No. 1 Common and Better
southern yellow pine, however, is used for interior work or in similar
service in which the ultimate moisture content will ordinarily range
between 6 and 9 per cent, and knotty stock admitted to these grades
will have to run the risk of damage when it must be dried below 8
per cent. The uses to which No. 2 Common southern yellow pine is
put are less exacting in regard to final moisture content and hence,
whenever practicable, this stock should not be dried below 10 per cent.
- For low-grade lumber that contains an abundance of large knots the
retention of n moisture content of at least 10 per cent is particularly
important; to assure lowest degrade from knots, Schedule 108 should
be modified so that the humidity will at no time go below 60 per cent.
This can be accomplished by changing the conditions after 35 hours
in the kiln from 190° F. dry bulb and 170° wet bulb to 200° dry bulb
and 177 wot bulb.

PLANEE DEFECTS

In common practice substantially all degrade occurring at the
planer has been charged against the seasoning method and the planer
itself has been constdered responsible only for the most obvious
planer defects. Actually, however, the planer is responsible for an
important although usually undetermined proportion of the so-
called kiln degrade. For instance, in an investigation of the matter,
inconsistencies between different tests on stock of the same grade and
from the same kiln charge, run at different times, appeared plainly.
Because of the test conditions the only inference that could be drawn
from this observation was that the planer set-up was not always
uniform and that some factor connected with the plener set-up was
responsible for the inconsistency.

It is to be expected that degrade will be least in narrow stoclk
and grentest in wide stock and in degrade tests this expectation holds
for stock 6 inches wnd wider but not for flooring strips. In faet,
flooring often has a higher degrade than the widest stock runm, al-
though the degrade in 4-inch stock when surfaced four sides is very
low. The factor causing most of the degrade in flooring strips is
broken tongues and grooves, primarily a machine defect and not a
kiln defect, and if this factor were excluded the degrade in the
narrow stock wouid generally be lower than that in wide stock.

A tally was made of some B and Better flooring that had been very
carefully dried and conditioned in the kiln. Tests before planing
showed that the stock was free from casehardening and had quite a
uniform moisture content, which averaged 8 per cent. The object
of this test was to determine separately for each item the percentuge
of tongues nnd grooves that were broken sufficiently to cause a drop
in grace. Table 13 presents the results of the test,
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TasLE 13.—COomparison of degrade in edge-grain and in flal-grain southern
yellow pine flooring ;

: Brolken | Broken [ All other
Pype of fooring Ongrade] ;o ies | grooves | dofoets

. Fer cent | Per cent § Percent | Percent
Edge grain____ - B 325 4,30 4.36
Flat gratn. o oeeee I I 96.43 .60 .78 118 ;

Edge grain is more liable to planer damage than flat grain on
account of splitting along the growth rings in the thin, projecting :
tongues and groove sides, since the rings are at right angles to the |
projections in edge grain and parsllel in flat grain. Most of the
broken grooves develop in the flange that is uppermost gs the piece
goes through the planer. _

The tests involving planer defects indicate that the machining -
operation is in need of improvement, that the planer seb-up is not
always uniform, and that outfeed rolls and the pressure bar are not
always best suited to the item being manufactured.

PROTECTING THE FINISHED PRODUCT

After stock has left the kilns further changes in moisture content
depend upon the conditions to which it is exposed, as has been ex-

lained under “Storage after kiln drying and before machining.”

fter machinin%, many stock items are stored in bundles, sometimes
on end in the finish shed, a form of storage that permits fairly
rapid equalization where the stoclk is below the equilibrium moisture
content at the time of machining.

The equilibrinm moisture content for stock fully exposed to the
atmosphere, under sheds, will vary more or less with the season and
somewhat with the loeality. During dry spring and summer
weather the moisture content of stock after several weeks of such
storege may not exceed 7 to 9 per cent. During average winler
weather it may go to 11 or 12 per cent, and during protracted damp
weather in any season it may run as high as 14 per cent. Some
localities have more dry or more damp weather than others, Some
mills have sheds that are very open and consequently react to outside
weather conditions more quickly than those that are more protected.

Where it is desired that the moisture content of the stock in stor-
age be kept below 9 per cent st all seasons, the sheds should be
made tight and some method of heating should be provided. To
hold stock below 9 per cent moisture content at an average tem-
perature of 70° ¥. requires a relative humidity of about 47 per
cent (fig. 8). If the humidity is above 50 per cent at this tem-
perature. the heating coils can be turned on and the humidity thus
lowered. Heat may be required even in the summer if the weather
is damp, but in the United States it will certainly be needed con-
tinuously during cold weather.

The operators who handle stocs caretully to prevent moisture
changes will need to consider the storage conditions at wholesale
and at retail distributing points fully as important as their own.
Since stock may be held at each of these points for any length of
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time up to several months, the pericd of storage after stock lemves
the miﬁ may ensily be far greater than that of the storage at the
mill. Such operators, thervefore, should decline to accept respon-
sibility for the ultimate rooisture content of properly dried stock
when Iater storage conditions are unsatisfactory.

MOISTURE CONTENT OF LUMBER ON SHIPMENT AND ON RECEIPT

In order to obtnin comprehensive information on the moisture
content of softwood lumber at the time of shipment from repre-
sentative first-class mills, the Forest Products Laboratory has car-
ried out an extensive survey. Xt wus conducted during the winter
of 192627 in five softwood regions, namely: The southern pine
region, the Inland Empire,® the Pacific Northwest,*® the redwood
region, und the California pine region, during the summer of 1927
in the southern pine region, and again during the summer of 1928
in the Iniand Empive, the Pacific Northwest, and California. The
tests were made on lumber just as it was being shipped and on as
wide n variety of grades :m(f products at ench mill as the shipments
germitted. In some cases the stock had been machined as it left the

ry kiln, whereas in other cuses it had been taken from the rvough
shed to the machine. When the stock had been stored, the time in the
rough shed became a factor of some importance because of its effect
on the moisture content. As explained on page 59, stock so stored
over long periods tends to come to u moisture content in equilibrium
with the atmospheric humidity ; this moisture content has been found
to vary from 10 to 13 per cent for stock that had been stored for
several months in various rough sheds in the southern pine region.
The average moisture content of 4/4-inch shortleaf stock, taken from
the storage sheds, was found to be 10.5 per cent in summer and 11.6
per cent i winter. The average moisture content of longleaf pine
was uppreximately 8 per cent in both the summer and the winter
survey, but the storage period averaged 50 per cent longer in the
summer than in the winter. Direet from the kiln, the average
moisture content of the shortleaf in summer was 9.6 per cent and
in winter 9.8 per cent, and of the longleaf was 8.1 per cent in summer
and 9.1 per cent in winter. The average moisture content of dif-
ferent lots-—that is, of various items of a shipment—varies somewhat
both above and below the fizures given, particularly for the steck
tested as it left the kilns. The fests on car shipments proved that
moisturs pick-up in dry stock during transit is negligible even in
very web weather, provided that the freight cars arve reasonably tight.
Exposure to rain during louding or unloading, however, may he
quite impovtaat,

DRY-KILN CONSTRUCTION AND MAINTENANCE

A discussion of dry-kiln construction in general is not within
the province of this bulletin but, since dry kilns are subject to certain
conditions not common te other £ypes of structures, it seems worth

¥ Northivestorn Montnnn, Idahe north of the Salmon River, Washington east of the Crs-
cude Mounialns, nnd the northeastern bp of Oregon,
AL w ’.l‘ini wostted couniry In Washlngton and Oregon west of the ¢rest of the Cascade
oiintalins.
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while fo comment on these conditions. The dry-kiln structure,
regardless of the materials used, deteriorates more rapidly than |
ordinary buildings. Probably the principal cause, where brick, tile,
or concrete is used, is the wide temperature chantges and the resultant
expansion and contraction of the walls und roof. If the kilus could
be kept at a temperature nearly constant, passing only through the !
relatively small range occurring in the drying schedule, the effect
of thermal expansion would be negligible. ~At times, however, it is
necessary to shut down the kilns, and the walls eontract as they
cool, nearly to atmospheric temperature, and expand again when the
heat is turned on. gmcks that develop as a result of this extreme
condition continue to grow larger ang larger. The long interior
partitions of a battery and the outside walls parallel to them are
usually cracked close to the doors, and monolithic concrete roofs,
especially those on batteries of many units, tend to push the outside
walls out of plumb, so that it is not uncommon in old batteries to
see such walls braced to prevent them from falling outward.

While expansion and contraction can not be avoided, their bad
results may be minimized. In order that this mey be done, first, the
shutting down of the kilns should be avoided as g’ar as possible and,
when & shutdown is unavoidable, the doors should be kept closed to
retain the heat as long as possible. If the shutdown is for a short
time, doing this will prevent contraction. and if for a long time will
equalize it. Then when pointing up eracks in masonry, instead of
mortar an elastic putty should be used, one that cen expand and
contract with the changes in the size of the crack. Such a putty,
which is used around windows in brick walls, can be purchased
from dealers or can be made up by mixing asbestos flour in asphaltic
paint. In new batteries, a dovefail expansion joint should be pro-
vided in brick, tile, or concrete end walls and interior partitions, 4
to 6 feet back from the doors. This joint should be about one-half
to three-quarters inch wide on the face of the wall and should be
pointed up with elustic putty. Conerete roofs should be provided
with 8 l-inch expansion joint over every other bearing wall.

Heat passes through concrete more readily than tgrough other
usual building materials; brick, tile, and wood follow concrete in
heat conductivity, in the order given. Vapor also passes through
concrete {0 such a degree that operators find it more difficult to
maintain high humidities in concrete kilns than in brick or tile kilns.
Good, hard, burned brick, lzid in tempered cement mortar, makes
about as suifsble a material for walls as can be obtained. Tile
sometimes disintegrates under kiln conditions, and the expansion
cracks in tile walls seem to be larger than those in brick walls,
probably because of the larger individual unit in tile construction.
There are many tile kilns giving satisfaction in service, however,
and the tile and concrete-joist construction seems to make a very
serviceable type of roof. Only the bLest quality, thoroughly burned
tile or brick should be used in kiln construction; soft, underburned
tile and brick disintegrate rapidly when subjected to the various
combinations of heat and moisture in the kiln.

Where insurance vates and other limitations permit, s well-built
wooden kiln is reasonably satisfactory. The high temperatures used
in sonthern pine kilns cause o slow breaking down of the wood sub-
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stance through a process of distillation, which shortens the life of
the kiln. This process is much more rapid at temperatures above
220° than below 200°, and if wood is used the lower maximum
¥ temperatures are suggested as a means of prolonging the life of the
kiln.
§  Doors too frequently are the source of enormous heat and vapor
loss, and the cuuse of unequal drying near the ends of the kiln.
§ Practically no design of door has worked out satisfactorily in all
respects. The requirements of a good door are that it be tight
fitting to prevent leakage (pl. 9), light in weight for ease in han-
 dling, and well insulated to ‘conserve heat and thus prevent
unbalancing of the kiln circulation.:
A very good door is made of wood and 8-ply roll roofing, using
three thicknesses of 1-inch wood for the stiles and the rails, two
§ thicknesses of the felt separated 1 inch for the panels, and one-half
by 3-inch strips protecting the felt. Sometimes, in southern pine
kilns, the inside of such a door is covered nlso with sheet metal,
¥ Asbestos composition board is sometimes used in place of the felt
for the panels, in which event the wood protecting strips are dis-
pensed with. Doors of the general type described are comparatively
cheap, are easy to repair, and may be built by the plant carpenters.
Doors nre sometimes made of light angle iron covered with corru-
gated iron, which in turn is covered with roofing felt. Some addi-
tional insulation, such as 1-inch sheet cork, should be used on such
doors, since otherwise the heat loss through them is too great.

= Clouls of vapor eseaplng around the door Jambs indicate leose-fitting doors. A door
that Is uncomfnrtably warm to the bnnd is poorly Inaulated ; this teat should be mada
when the Klln Is opernting at the highest tempernture of the drying achiedule.
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