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CHAPTER 1
INTERIRET T I0H OF THis PROBLEL

The protlem of securing well seasoned lumber to
be used in furniture construction st the CUklahoma Agrie
cultural and Nechanicsl College has become more diffi-
cult in recent years. In some cases the lumbter may have
been in good condition when shipped from ihe suupplier,
but increases in moisture content in transit, because of
damp weather, made it difficult to use. It is impossible
to retain proper moisture percentages when lumber is exe
posed to high humidity conditions., This makes it impor-
tant that the lumber be dried and stored properly at the

place where it ie to ke used in furniture construction.

SELECTICH CF THD ZROBIEM

The plan to establish lumber drying facilities at
Cklshoma A. & Me College has uteen considered for a nun-
Ler of yénra. The protlem of securing good lumber bLecane
more apparent during aud just after the war, The ides of
consiructing a mecdern dry-kxiln and ecuipping it with rio=-
dern equipment has teen encouraged to make it possible to
dry the lumber that is used in the school shops. -~ new
course in ¥iln Cperation can be added to the curriculum
of the Departments of Industrial Arts Educstion and inpgi-

neering Shop vork, and the Department of Forestiry.



Crigin of the Problem. The recent effortls Lo ace-

cuire this installation were begun when the writer of this
report sssumed the responsibility of mensging the Uklahoma
As & ¥, College Cabtinet Shope At the request znd with the
support of Dr. Dewitt Hunt, who is thc head of the depart-
ment, this undertsking was begune Correspondence vith exe
perts in the field of dry-kiln installation and operstion
was started, The response received made it more apparent
thal such an undertaking would be z sound investment and

a profitable undertakinge.

Feasibility of the iroblems After considering all

of the aspects of this project, it scemed advisable to pro-
mote the idea. It was deternined thsat natlive lumber is
availatle for the operstion of a small sized dry-kiln.

This drying can be done on a toll basis, whereby the dee
partment can accept a part of the lumber as n fee for dry-
ing it, The faculty of the Department of Yorestry at the
college is a strong supporter in the proposal. Units of
instruction can be prepared to expand the efficiency of
each department, Resesrch work can te done with the pro-
posed tacilities which would be a service to the producers

of lumber in Cklahoma, as well as the consumers,

Dry-xilns at Other Institutions. The first study

of building plans was made of similar instullations at
other 1locations, 7The Texas iForest service at Lufkin,

Tex=s has a dry-kiln similsr to the one in this proposale.



_____________3_______\\\
It is operated for experimental work snd researche liorth
Carclina State College at Raleigh, i« Coe has a dry-kiln

in connection with their BVivision of Forestry. It is very
gimilar to the proposal at Ok ahoma A. & ¥. College, The
length is nincteen feet, the width, fouwteen feet, and the
height is cleven feet and six inches, It is ecuipped with
three sixty inch fans, Other schools having dry-kilns are:
(1) University of Floridas, Gainesville, Floridag (2) Oregon
State College, Corwallis, Cregong (3) Clemson agricultural
College, Clemson, Se Co3 (4) Alabama iolytechnic Institute,
suburn, Alabsmag (£) Lee's YcRae College, hanner ﬁik, loxth

Carolinaj and possibly others.

ANALYSUS CF DRYXILH INSTAILAT ION
It has been determined that dry-kiln installatlions
al other colleges =nd universities have been successful,
By having thie managenent of the . ry-kiln delegated to tea=-
chers in the Cabinet Shop, it will not te necessnry to em-
ploy a full time operstor for it, The necesssry utility

services are availakle at the proposed building site.

sttitude of the Department. This venture has the

urnified support of the Departments of Industrial irts due-
éntion and =ngineering Shop Work, and Forestry., service
courges for other departments c=n hte nrovided. OIpecial
ghort courses can also be arranged for non-college people

who are interested in the proper sessoning of lumber,

ittitude of the sdministration. The College Adnine-




istration is favorable toward the proposal, 7The College
architect has been very cooperntive in producing plans

and estimates on the building. The Vice-Iresident of the
College is a firm supporter of the endeavor. Iile has re=-
commended the project to the Business Manager and to the
President with the added recommendation that funds be made
available for the erection and ecuipping of the dry-kiln,
Its constructions has been promised when the necessary

capital is avai lable.

Jocations Congidered. Several localions have veen

considered for the erection of the proposed dry-kiln, Cther
locrtions adjacent to the Industrial arts Building have bLeen
considered as well as locations some diatance away. «fter
congidering a1l detsile, it seems advisable to locate the
building at the northeast corner of the southeast wing of
the building, This location is essily accessible to the
Cnbinet Shop, and also to the driveway to the loading area.
It is adjacent to the present lumber storage for the (Cabi-
net Shop. This store-room has a capacity of at least one
dry-kiln charge of lumber., The cost of construction can

be reduced by using the present wall of the shop as one of

the dry-kiln walls,

Building 2lans Studied. Building plans, submitted

by dry-kiln manufacturers, and those that are available
from other institutions were examined, and the desirstle

features of each were recorded. A tentative plan was



prepared by the College architect, after maxing a study

of these plans, This plan was presented to two major
manutacturers of dry-kiln equipment, and wass revised ac-
cording to changes suggested by officials in these com-
panies, The plans were then submitted to the technical
stz ff of the Us $. Forest iroducts lLaboratory for studye.
The recommendstions of this depsriment were used in maring
further modifications, From all of the study snd research
conducted, the present proposal has been accepted, Build-
ing plans produced by the 1. 5. Forest rroducts ILaboratory
were also examined, A number of dry-kilns that are in ope-

ration were visited to determine the efficiency of each.

Reouest for Specific:tions. Iletters were sent to

all of the manufacturers of dry-kiln eculipment that are
registered with the U, S. Forest iroducts Iaboratory.
This 1ist included eighteen manufscturers and proposal
specificaticns, and estimules were obtained from all ex-
cept one of these firms, One Tirm located in Jasbington
sent the reply that it would be inadvisable for it to
make an estimate on the installation because of the dis-
tance involved. It would be too expenaige to ship ecuip-
ment such s great distance, and the expense of the supere

vising engineer would be topo great.

“tudy of Ecuipment., An extensive study has been

made of all the nvailsble types of dry-kiln ecuipment sube
mitted by several manufacturers. The principles of drying

Jumber in a compartment type dry-~kiln are well established



and the problem of selecting ecquipment that is the most
efficient, and sells at a reasonable price have been Lhe
governing factors in the finsl decision. It seems advis-
able to install the most modern ecuipment operated from

an automatic control system. A number of dry-kiln units
that are used by the U, §. Forest Products Iaboratory were
exnamined by the uriter in an effort toc make the proper

recommendations for this proposal.

Delimitations, The most of the relisble information

about dry-kiln construction and operation that is available
has been prepared by the U, L. Forest rroducts Laboratorye.
The manufacturers of dry-kiln ecuipment cooperate = ith this
laboratory in develouing efficient equipment zand nmethods
for drving lumber. <Lhere hus bteen a great smount of teche
nical materinl prepared snd published by the U. S. Forest
Products laltoratory, and it ie available to the public withe
out cost, Cther printed materisls -bout kiln drying are
avallable from the Inited Slates Government rrinting (ffice
at a small cost,

The writer has found it necessary to confine
the materisl in this report to the essentianls to use as a
guide for the construction and operation of the proposed
dry-kiln for the Oklahoma A. & M, College. The above nen-
tioned essentials were considered in the =tludy made by the

writer whiile at the U, 5. Forest iroducts laborstory,

Lducstional Values, This subject will be beneficial




to the educational curriculum only s a specialized tech-
nical subject to bte taught to a few individuals who expect
to become drye-kiln engineers. Also, there will be general
educational value to students of Industrial Arts Zduestion,
and Trade and Teehnical courses, Research work can te done
in the field of kiln drying of wood, tudents of Industrial
Arte Kducation will be Letter nsble to understand the proe
cess of dry-kiln operstion by actually handling the mater-

ial and ecuipment involved.

DAFINITIONG OF TaRbo and FOREULALG o1ATLD
This section is included or the purpose of define-
ing some of the tectnicsl terms that are used in this ree
port. In most cases, these terms are not explained where
they appe:r in the report,

Absolute Humidity, the actual amount of water vapor, by
weight, which a cubic foot of air contains,

Anemometer, an instrument used to measure the velocity of
air.

Bound Water, water which is soaked up in the cell walls,.

Capillary Forces, those forces which tend to keep waler
in wood.

Case=hardening, a condition resulting in a piece of unie-
Tormly dried lumber in which the interior fiters sre in
tension, and the outer fibers are in compression.

Cavities, cells ond pores.

Cell, a term applied in a2 general sense to the minute units
of wood siructure.

Collapse, an abnormal shrinkage which results in crushing
of the cells,



Compression 00d, abnorual wood Tormed on the lewer side
of branches ond leaning trunks of softwocod Lrees,.

Conifer, a tree bearing seed cones; usunlly an evergreen,

Constantan, an alloy of ecual parts of nickel and copper,
veed in some electric resistarce stondards.

Crooking, a devistion edpgewise from a straight liue drawn
from end to end of a piece of lumber,

Dry-bulb, measures =ir lemperalure,

Dry-kiln, is composed of one or nore cnambers, rooms, or
tunnels in which tenmperatures and relative humidities can
be maintnined st any desired level by uieans of either man-
ual or automatie control.

wquilibrium Yoisture Content, ine moisture content at which
wood neither gains nor loses watler when surrounded by air
at a given relative humidity and temperature,

sstablished 1oisture Conteul, average moisture conteut ot
the Lime of us€.

viper uaturation roint, the moisture content at whichi the
cell wall is salurated with water, but no water exists in
thie cell cavity; usually about 30% based on ithe oven-dry
weight,

¥ree Water, held in cell cavities.

Graph, n pictorial representation of sonme datlae.

gcreen seisht, weight of wood plus the weight of water it
contains,

Gymnosperns, fruit or cone of a softvwood tree,

Heartwood, consists of tissue which is no longer active in
promoting the rise of sep in the tree snd performs only
mechanical function of insuring strengtn to the tree sten,

jloneycombing, internal checking, which usualily develops
along the wood rayse.

Humidity, the amount of moisture in the air.

yproscopic, ability to hold moisture and give up moisture,

Hygrostat, an instrument which shows varirtions in atmospheric
moisture,



¥edullary lays, parallel lines or bands which extend across
the grain of the wood.

iioisture Content, calculated by dividing the weight of water
removed by the oven-dry weight of ihe section and multiply-
ing the quotient by 1l00.

gven-dry Jeight, weight after all moisture is reuoved,

F’it, a relatively unthickened portion of a cell wall where
a thin membrane permits liquids to pass from one cell to
another,

Pit-membrane Openings, pernit movement oif meterial Ifrom
one cell to =another,

rotentiometer, an electrical network used for the measure=
ment of voltare, in which the tall of potential (voltsge)
over n known nart of a conductor is talanced ngainst the
voltagze to he measured.

Ravs, strips of celles extending radially within a iree.
The rays serve primarily to store fnod and transport it
horizontally in the tree, The rays run in a radial direce
tion =nd add strength to the wood,.

Recorder=controller, a combined thermostat and recorder in
which the temperature-sensitive element regulates the ailr
supply to the diaphragm-motor vslve and =zlsc moves the
recording-pen arm,

felative livmidity, the amount of moisture in the air at
any given temperature ag compared to the guantity it is
capable of holding if saturated al the same temperature.

sopwood, encircles the heartwood aud is lighter iu color
aid generally lighter in weight when oven-dried.

utain, a chemical discoleoration of wood apparently due to
oxidaution nnd accumulation of extractives uunder certain
conditions during the air érying or kilu drying of various
species,

Stickers, strips used for the purpose ol separating the
beards, providing space for drying air currents and sssiste
ing in keeping the lumber streight and flat during the
drving oprocess.

Terperature, the degree of hotneans or coldness of a sub-
stance, measuring the intensity.

Thermocouple, congists of » pair of dissimilar metals joined
together at one end, YThe difference in electromotive force
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(microvolts) between this junction and the junction in
the potentiometer is mensured by the balancing mechanism
of the potentiometer, ~nd the rerult is reasd in degrees
ol temperzture,

Thermostat, an instrument used ts control temperature,

Transitory Cell Wall VPassageways, exisl within the cell
wall only when a Iliquid separates the submicroscopic come
ponents of the wall and disappear when the liguid is re=
noved,

veneer, thin sheets of wood cut in one of three ways:
sawning, slicing, or rotary cut,

arpy any variation from the true or plane surface. arp
includes crook, bow, cup, #nd twist, or any combination
of thnese defects,

et-bulb, measures the amount of moisture in the air.

et-tult Depression, the difference Letween the wet-tulb
tempernture -nd dry-buldb temperature.

Formulas Used for Cslculations. It is necessary

for ihe dry=kiln operator to understand snd te able to
use the following foruulas in order to control the yro-
cesses involved in the drving and conditioning of lumber.
"hese formulas are obtained from bulletins Lhat were pree
pared by the i, S Forest iroducts laberatory. Letter
abbreviations will be used to make these formulas shorter

and will be listed belov,

L)

He Co % o o« ¢ o« s« » « o slolsture content in percent.
By Q=B W @ & & ¥ & .Galcblatcd ovensdry weight.
Co Ve Ca o s o« o « o o oCurrent moisture content,

Re Bo % g o 0o » « s o » oiRelative humidity in percent,

Shrinkace @ « « « « s « sohrinkage in percent,



CalbaBaViy

C. M. Cl

Re Wik

whrinkage 4

Y

AVEs He Cu

11

o « arorabolic curve.

» a oivVeraze nolsture contente.

Original te = Oven-dry ‘1.
Gven«dry i, 390

creen "t. {or current wt.)
U.C. in % £ 100 23200

Current Wt, = C,Uea

CeCaDo e

£ 100

Partial Pressure g e
Saturated rressure £ 200

Green Dimension - Lry Dimension 100
Green DLimension “

3/2 (average M. C. = B Ms Co) £ EoMoCo
(Y E. M. C., of Midthickness)

2 £ Bs M. Co
3



CHAPTER IX

THE MOVENENT COF MCISTURE IH WOOD

The dry-kiln operntor must have some knowledge of
the structure of wood and what t:kes place when it dries
in order to control kiln conditions. The physicnl features
of varicus epecies of wood differ, The kiln conditions
must be ndjusted and maintained Tor the particular specie
Leing drieds A definite schedule must te followed Lo pro=-

duce desired results.

STRUCTIURE OF WOOD AS IT I5 REBLATED TO SLAGUNILING

vo0od is a complex natural material that is built
up by a living plant, 4 tree grows by producing cells
from living tissues. These cells are deposited in layers
around the previous season's growth, These new layers of
grocth are known as annual rings. The texture of the tree
changes as these rings continue to forme The cuter layers
are san-=wood and the inner part is heart-wood, Theé henrt-
wood comnoses all except atout eight years growth of the
tree., J/ood is classed as softe-wood and hard-wood, Goft-
wood comes from trees that are called conifercus whose
fruit is a cone (gymnosperv), Hard-wood belongs to the

group of anglio-spBrus,

Lolsture rassageways. Loisture moves in wood thirough

several distinet kinds of passagewnys, whichk constitute

the capillary structure. uovme of these passageways in cer-



13

tain xinde of woods are large evougli tc be visible to the
naked eye, some may be seen only through strong miceroscopes,
and others nre present only whken the cell vells are swollen

by water or some other swelling spent.

Bound-water and Free-water. /ood contains bound-

water and freee-water. Bounde-water moves in the cells and
between the eeclls by diffusion, while capillury action
causes the free-waler tc escape ithrough cell cavities,

pit chambters, and pit-menbrane openings. The drying by
diffusion tukes place only after the free-waler has Leen
removed by capillary aetion, Two types of diffusion take
place in drying; more througn the transilory celie-vall puasse
agewaiys at low tenmperature, and larger passageways al highe
er temperatures. Diffusion is slower in heartwood than

in sapwood because of obstruction in the pit-menbranes in

the heartwucod,

Directiong cf Meoisture lovement, Moisture passage

takes place both longitudinally and laternlly through cave
ities, pit chambers, pit-membrane cpenings of wood ec«lls,
and the transitory cell wall passagewsnys. These moirnture
patpsageways may constitute from twenty-five percent to
eighty-five percent of the total volume of the wood. The
wouds having ine higher percentazes have the lower specif-
ic gravity. The water paasage ig fifteen times greater

lJongitudinally than lsterally.



Cavities. The cavities cf fibers and vessels, are
at times visible to the nukes eye (as are the large pores
of some hard-woods) and at other times are so small that
a niscroscope is recuired to see them. These cavities are
filled with free-water and air. The free-water moves fron
cell to cell until the fiber-saturation point is resxched,
at which time the remaining free-water is atsorbted bty the

cell wallse

io0d-ray Cells., ‘iooderay cells may be seen only

with a micrdacope. ILarpe wooderays consisting of many
cells are often visibtle to the nsked eye. J00d rays €x=-
tend in a raiial direction across the wood, and are usually

found in vertienl sheets.

it Chambers. Fit chambers and itheir pit-membrane

ovenings vermit the movement of a2 material from one cell

to nnother, it chambers are visible only under n micro-
scope, snd pite-membrane openings are often invisible under
the highest-povered microscope. Free-water and also vapor

move through these openings,

Hesin Duets. #Hesin ducts are sometimes visible to

the naked eye, but the intercellular spaces are visible
only under a microscopes. 1hese ducts retard the movenment
of water through the fibers. 4As the heart-wood becomes

dormant, the spaces are {illed with a deposit of resin.



Transitory Cell-wall Panssageways. These passages

exist within the celleawall only when n licuid separates
the sub-microscopie components of the wall, =nd disappear
when the licuid is removed, These pasesageways are invis-

ible under szn ordinary microscopee.

Cince the btounde-water in a piece of lumber must pass
through the cell walls from the cell cavities as a vapor,
the process is rother slowe It is impossible to force
the water too rapidly from the cells of the wood without
damage to them. rorced drying conditions must be kept bale
anced and uniform throughout the drying period. A moisture
regain can be expected in the same manner when dry lumber

is placed in damp conditions.

¥ETHODS CF DETERMINING MCOISTURE CORTERTS

The moisture content of a piece of lumber will limit
its use to a certain extent, Jome types of construction
require a low moisture content while others do not. The
purpose of the dry-kiln is Lo reduce the moisture content
below the point that it will naturally assume, or to reduce
it from a higbh percentage to some lower percentage in a
short time, 1Two general metunods sre used to determine the
amount of moisture contazined in a piece of lumber; namely,

the ovenedrying, ond the electrec-moisture weter.

Uven=drving, Cven-drying is the standard and most

relinble method used in determining the moisture content
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in wood to be used in the construction of woed products,
The moisture content is calculated from weight values obe
tained before and after drying a sample of the wood in an
ovenes This melhod consists of selecting representative
sample boards or pieces from the material to be tested,
cutting moisture sections from each sample, weighing them,
drying them in an oven to constant weight, weighing tihem
apain, and csleculating the moisture content, It is impore
tant that these szamples are representative and of sufficient
numbers taken a2t different places in the kiln load to in-
gure an accurate test of cenditions of the load.

These sample or moisture sections should Le
taken from a board at a distsnce of at least twenty inches
from the end of the board because the drying is more rapid
at the ends of the board. Gections should bte approximately
one ineh thick for one-inch lumber and two inches in length
for dimension stock where the cross-sectional dimensions
are one inch or less, All samples should ke cut on a cool
running bandsaw and loose splinters and sawdust should be
rericveds The weight of the ssmple whould be taken inmew-
diately to get the weight before evaporation tnkes place
from the end graine When a number of samples must Le cut
before weighing, each sample should te wrazpped in aluminum
f0il or samples should be stacked with the end grain of the
sections together to prevent evaporation. 411 welghis should
be made in grams with a triple-beam balance so that calcula-

tions will ke simplified by the decimal system. 7The weight
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should be marked on each section and recorded on a tabulse
tion sheet.

wections should be placed in an oven at a teme
perature of 212° to 221° fahrenheit (100° to 105° centigrade)
and dried until a2 constant weight is re.ched. low-density
woods will usually dry in twelve hours, and highedengity
woods in atout forty-eight hours, The weight of each sam-
ple should be taken and recorded as soon as it is removed
from the oven to prevent an error which could occur from a
moisture regain. (Use the minimum weight of the samples
recorded, and tske this reading as a basis for determining
achedule for drying.)

The moislure content of the wood is calculated
by dividing the vweight of Lthe water removed by the ovene
dry weight of lne section and multiplying the gquotient by
100, The weight of the water ecusls the original weight
minus the oven-dry weight of ilhe seclione

loisture content _ Uriginal weight - OUven-dry .eight
{fexr Cent) Cven~dry weight

A 100

in example of moisture content calculation is as Fol-
lows: A one-inch section of kiln-dried black walnut lumber
weirshed 56.5 grams. After oven-drying, the section weighed
52.9 grans.

Yoisture content « 56.5 = 52,5 .
555 A 100

= 0,076 4 100

= 7.6 percent
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ihen glide=rule calculstions are desired, the followe
ing formula may be used:

Loisture content s

(Per Cent) vven-dry weight - R

Loisture content - 209 =1 & 100
5245

=z (1,076 - 1) £ 100
w 0,076 A 100
- 7.6 percent
7.6 percent equals the percentage of water remaining in the

wood, a8 compared to the weight of the kiln dried sample.

ilectro-moisture later. The electro-moisture meter

method of determining moisture content is the most rapid,
but is not as accurate snd reliable as the oven-=dry method.
The resistance~type meter is reasonably accurate in measur-
ing moisture contents of wood c¢containing from seven percent
to twenty-five percent, The wood acte as a rssistance ele-
ment in the electrical circuit of the moisture meter, keed=-
les are placed one-half inch apart on the retaining bar and
one and one-fourth inches between the pairs, These points
should be sbout five-sixteenths inch in length and placed

in the wood so that the current will flow parallel to the
graine The current will flow betvicen the points where there
is the grestest amount of meisture tecsuce there is leass
registance., These instruments are calibrated to give the

moisture content of veneers by placing one contact point
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on each side of the veneer, thus measuring the resistance
through the layer of wood.

Another type meter is used which indicates the
relation between the wmoisture content and dieleetric con-
gstant and 1& known as the capacity of radic-frequency power-
loses type. The radio-frequency current is established in
a vacuum=tube circuit snd applied to & cendenser which is
precsed against the surface of a board, The dielectric prop-
erties of the wood cause a reaction which is indicated by
a current meter,

The accurscy of moisture-meter determinations
are affected by: (1) species, (2) specific gravity, (3)
moisture distribution, (4) thickness of materinl, ({(5) tem-
perature, (6) contact, (7) grain direction, (8) high rel-
ative humidities, (9) numter of measurenients, and (10) the
perscnual elements,

The moisture meter should not be used as an
ingtrument to contrel the kiln-drying schedule because ine
accurnscies may occur, Il may be used in segregating lumber
into moisture content ranges tefore kiln drying or for find-
ing the average nmoisture content of s charge as it is taken
from a kiln, provided enough samples are used to make the
test reasonnily reliable. Vost modern moisture meters will
check to sn accuracy of plus or minus one percent, tach ine
strument will be supplied with instructions and charts for
corrections or a plications to be used in testing ihe lumber,

Vost moisture meters are calibrated to read for Douglas fir,



but are supplied with correetion tables to be used for other

gsprecies of wood,

SHRINEAGE OF wWoOD
shrionkage in the drying of wood is .roportional to

the amount of moisture lostl telow the fiter-saturation
point, There is no swelling or shrinking of wood as it takes
up or gives off water atove the fiberesaturstion point, This
point is atout thirty percent in most woods. 48 a piece of
green lumber dries it stsrts from the oulside znd scon has
a much lower percentage of moisture near the surface than
toward the ingide, In this case shrinkage will start near
the outside while the inside still remains above the fibere
saturation voint, The method of drying a board may have a
marked effect upon the amount of shrinksge produced during
the process.

In drying wood to a moisture content

of fifteen percent, one-half of the

total shrinkage takes place; while

in drying it to & woisture content of

six percent, four-fifths of the to-

tal shrinkage tukes place.l

Tumber that is to be used for outside construction

or framing should be dried to sboul fifteen percent moisture
content, 3Since this is svout the average percentapge that
will bte maintained through normal weather conditious, a
small smount of additional shrinkage or expansion will take

place. vhen lumber is dried to six percent, additional

1. Shrinkage of lood, U, L. Forest rroducts laboratlory,
Bulletin Ho. R1650, page 2.
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shrinkage will not take place due to almosphleric conditions,
tut expansion will result with the incresse of mofsture con-
tent, 41hese factors must be taken into cousiderstion when
srojects are nade especially those having moving parts, such
ag drawvers,

Tangential Shrinkage. The greatest amount of shrink-

age e in the direction of the annusl growth rings (tongene=
tially). This type of shrinkage is of most importance be=-
cause most of the lumber is flat-sawed. Tangential shrinkage

is in most cases about twice as great as radial shrinkage.

TABIE I
ercentage of Chrinkage Due to Drying
(Given in percentage of green aize)2

From green IFrom green to
to air-dry condition
oven-dry (12 to 15 percent
condition moisture content)

Direction of Shrinkage

sercent of <ercent of

green size preen size
Tﬂm_’,entiﬁ'll ® & o % & ® & ® @ 4,3 to 14.0 2.1 Lo 7.0
Hadial e & 0 4 o @ & & & s @ 2«0 to 85 1.0 to 4,2
LOI\gitUd Innl: o s s & @ ® & o P & to .2 «05 to «X
VOIlmetric. * & & ® = ® e e » 7.0 to 21.0 :5.5 to 10.5
Radial “hrinkage. Hadial shrinkapge is radially with

the pgrein of the wood, This type of shrinkage is =boutl onee
half to two-thirds as mueh ns nlong the grain. Jess shrinkea

are tnkes place in ouarter-sawed than fTlat-sawed lumber,

2 GShrinkage of ‘ood, U. 4. ¥orest . wducts Laboratory,
Bulletin lio, 1363, poge l.




00d-rrsy cells shrink chiefly slong their length,

Jongitudinal Chrinkese., The longitudinal shrinkage,

thnt is with the groain, smounts to only one-tenth to Lwnoe-
tenths of one osrecent of the length ¢f the Loardes Crenter
longitudinal shrinkage oeccurs when the board is CrossSegraine
ed, in which cnse, it is a comkinntion of crosswise und

longitudinal shriukage,

Velumetrie Chrinkasge. The volume of a bosrd decreascs

up to twenly-one percent when changing {rom green Lo oven-

dry conditions. This is & combinaiion of the ntove factors.

TABLE 11

Lhelntive .eipghts snd Shrinksge of Cowmmon ‘.a'.'a::oodt;.S

rercentage of

Hame of wood t. per ecn, ft.-lbs. shrinkage
and from green to
locality grovwn ¥iln Alr Creen oven-dry wte
dry dry Radial Tangens
inh « Tennesse . & & B a' s » 2% 28 a6 4,2 6.9
Rasswood - Vigsconsin « « « « 24 25 41 6.2 E.4
Bireh -« ennsylvania . . « « 45 47 59 649 8.9
Blm, Yhite - Jiscomsin . « « 35 35 53 4.2 9.5
Gum - California ¢« « ¢« ¢ ¢ s == 36 46 7.6 153
Yaple, 7igeconsin , . ¢« ¢« +» o 42 44 56 3.0 7.0
Gaky, "nite « Arkansns. « » « 46 48 5% 6.2 Bed
Wilnut, Rlack - Hentucky. « « 41 44 13 De 2 ;i 8
Cedar - ontana. . ® & » o o 21 22 24 2.9 4,6
Gypress « Loulsianas « o o« B3 54 51 Jal 6.0
+ine, ihite - iisconsin. . « 26 27 59 242 5.9
i‘ine, Lonpgleaf - Vississippi 38 40 42 4,8 75
Kedwood - California « « « ¢« 23 24 38 P ——

RELATIVE oHR INKAGE AUD (BlGHTS UF CudBul Wuls

Jrying decreases the welght of the g reen wood becauuse

3e A Nanual for land Woodworking, Dewitt [iunt, page €2,




tuenty-five to forty percent of its weight is water,
Tatle 11 showas the relative weights und shrinkage of some
of the woods in common use,

It is possitle to select the preper wood for
construction work when the recuirements are kKnown and the
amount of shkrinkage that can be expected in the different
kinds of lumber, The weight of wood is seldom considered
when making a selection of lumber for common construction
work, but rmust be considered wvhen used in air craft, bLoat,
and other similar construction.

In general, the heavier species of

wood shrink more across the grain than

the lighter ones., Hezvier pieces also

shrink more than lighter pieces of the

same species. When shrinkage is more

of & factor than hardness or sirength a

lightweight species should be chosen,

“hen both hardness or strength and low

shrinkage are very important, then the

exceptional species, such as Llack lo-~

cust, should be chosen.4

A study should te made of dimensional changes of
wood when shrinkage, hardness, snd strength are important
factors in construction work or other uses of woods A

knovledge of dimensional changes in wood should bLe cone

sidered in all construction.

WARPAGE 1IN wOOD
“arpage in wood is caused by uneven shrinkage and
improper lumber piling. Werpage may result in any one or

more of the followings cupping, bowing, crooking, twisting,

4, Bulletin lo. 1363, ope cit., page 2.
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or dismonding. Any of these conditions will produce infer-
fjor lumber. Cupping may result from grester shrinkage of
the outer face of a plain-sawed board or from uneven drying
of the two faces of a boarde The other types of warpage
are caused by irregularities of the structure of the woods
such as, spiral, grain, and compression wood., Figure 1

shows these kinds of warpage.

Damage Caused by “arpinge. luch valuabkle luwmter is

lost becnuse the desired thickneos cannot be ottained due
to warpage, Irregular longitudinal shrinkage causes bow-
ing and crooking of a piece of lumber, Compression wood

nmay cause »n abnormal amount of longitudinal shrinkage,

Uinimizing “arpage. UYarpage can be minimized 1o a

great extent by proper stacking and drying. It should be
staucked in an orderly nanner as soon as it is sawed. This
will be discussed fully in Chapter V1le Froper drying con-
ditions will reduce the amount of poor lumter caused from
warpage., kuch cupping can be svoided when proper pir cire
cul:iion is provided on both faces of the lumiuer in the dry-
xiln. Yoderate drying couditions in the kiln will also pro-
duce less warna-e than severe conl itions, Jjumber that is
properly handled in the xiln or in air-drying «ill give much
tetter results than poorly handled lumber. Yuch lumber loss

¢an e avoided by using siproved sewing methodse.

ILUMEER OIRESS

Ulneven stresses set up in lumter by improper drying



PO

‘ o = - —
MAX!MUM DEF{.ECTION oF
SQUARES TAKEN AS BOW;
GARDED

CROOK DISRE

INT OF aﬁfarfsr'
DEFLECTION ~

~

RISE OF
FOURTH CORNER X

Eg pPOINT OF GREATEST

DEFLECTION




26

and conditioning will result in warpage. The proper ulime

to measure and relieve siresses is while the lumber is still
in the kiln., 7The relief of stress will Le discussed in the
conditioning treatment in the operation of the kiln in

Chapter Vil.

kffect of utress. Otress will cause a distortion

of lumber while it is being processed., Then nmore mxaterial
is removed from one face of & board than the other = great
apount of cuuping may result, Iumber Iin stress will proe-
duce cupped btoards when resawed, 7These conditions will rc-
gult in many rejects due to thin material when processed.
SJome snlress may occur in properly dried and conditioned
lumter due to humidity conditions where it is stored or

uged,

Testing for Stress. Stress sections may be taken

from samples in the dry-kiln to determine the amount of
moisture in the shell of the toard and the core., Jnen
there is a grest srmount of difference in the moisture cone
tent, stress is hound t¢ occur, Figure 2 illustirates the
method of making stress sections. The secticn showing the
final moisture distribution is made to test the moisture
content of the core and the shell by oven-drying and cale

culsting the percentage of moisture of eache

Casehardening. Casehardening is s condition result-

ing in a piece of uniformly dried lumber in which the in-

terior t'ibters are in tension and the outer {iters are in
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METHOD OF CUTTING A\ asour N
FINAL MOISTURE CONTENT e a )
AND CASEHARDENING R B * _'1;‘*
SECTIONS: F10RE WiLH /STURE SECTION M0/5j 5%?50/?//57,?/&”/0”

SAMPLE AFTER KILN DRYING
FINAL MO/STURE SECT/IONS

STOCK % AND THICKER
SHOULD BE£ SAWED A5 SHOWWN
50 A5 70 PRODUCE 5/X PRONGS
OF £QUAL THICANESS FOR
CASEHARDENING TEST. ke
FPRONGS 2 AND 5 SHALL BE

BROKEN OUT. NO SEVERE SEVERE
CASEHARDENING  CASEHARDENING — REVERSE
CASEHARDENING

PRONGS OF EQUAL THICHNESS

STOCK LESS THanZ THICK
SHOULD BE SAWED AS SHOWN
S0 45 TO PRODUCE THREE

FOR CASEHARDENING TEST. L

THE CENTER PRONG NO SEVERE _ SEVERE

SHALL BE BROKEN OUT. CASEHARDENING CASE HARDENING REVERSE
CASEHARDENING

CASEHARDENING SECT/ON: SECTION 70 BE ROOM DRIED
BEFORE CONCLUSION 1S MADE AS 70 CASEHARDENING



compression, Casehardening is evidenced by the appearance
of surface checking and excessive warping snd twisting during
the drying process, This condition may result from air dry-
ing or kiln drying of lumber,

In exzrly stages of its developument

the shell is shrinking accompanied by

surface stresses, If these hecome

severe enough, the wood fractures

and surface checks avpear. The

more rapid the surface drying is

compared with the core the more like=

1itiood of creating severe caseharden-

ing snd surface checking. Hard re-

fractory vioods caseharden and check

more severly than the soft textured

Ones.q

A test may be made for casehardening by the method

indicated in Figure 2 of this chapter, If lumber is case=-
hardened, the outer prongs of the sample will turn in when
the center one is removed. OCaschardening may be minimized
by proper drying and humidifyinge ‘“hen casehardening does
appear in a dry-kilin, it moy te relieved by the proper con=-
ditioning treatment which will be discussed fully in Chap-

tor V1l.

reverse Casehardening. ileverse casehardening occurs

when the conditions of a piece of lumber sare the opposite
of cnsehardening. If too much water is abtsorbed during the
conditioning treatment to relieve casehardening the outer
surfaces will swell enough to take on an excessive compres-
ajon get. %The inner fiters will then be in tension, and

when a sample is prepared the outer prongs will turn out ine

b Air Jessoning and ¥iln Orying of Jood, . 1. ilienderson,
page 117,




stesd of in as in cscehardening. Reverse casehardening
is more difficult to remove than cnschardening snd the proe

cesas is long and expensive,

Gplitting and Cheeking 6f .oode Lhd aplitting, end

cheéking, and surface chocking develop in lumver when the
moisture content of the surfaces on vhicn they oceur is réee
duced so low z8 to cause stresses iLhat exceed the maximum
tensile strength of the wood perpendicular to the grain,
These stresses are caused when the outer surfzces expel
moisture st a more raprid rate than the interior sections.
They tend to shrink znd the inner sections do not because
of s higher moisture content, ourface checks may close
after the center part of the lumber ehrinks, but the weake
ness caused by these checks still exists, knd checks and

gplits always produce low grade lumter,

Collapseé. Collapse is the resull of abnormal shrink-
age which regulis in the crushing of cell walls. Collapse
may occur uwhien the outer surfaces of a piece of lumber are
in tengion and thne inner part is in compression, This is
usually caused Ly cxcessive heat., Collapse may alsc occur
when the cell cavities of the wood are completely filled
with water znd evaporation takes place more rapidly than the
waler is removed from the cell walls. The cohesive action
of the water upon the cell walls causes them Lo draw together
and results in collapse. Tris can take place ovnly in cases
where no nir is present, and ususlly occurs in the early

stapee of drving green lumber,
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Honeycombing, Honeycombing is the result of stresse

es causing internal checking =long the wood rayse This cona-
dition may exist in casehardened lumber where the exterior
surfaces are get in tension, #nd the interior shrinks due

to excessive temperstures. A 100 percent relstive humidity
conditioning treatment for casehardened lumber may cause
internal tension stresses thnt exceed the maximum tensile
strength of the wood perpendicular to the grain and cause
honeycomiing. This defeet is not usually visible from the

surface, but is encountered when it is surfaced.

The skilled kiln engineer csn reduce lumber rejects
by making s study of the conditions of the lumber to be
dried, and then selecting the proper drying schedule, If
Jumber is damaged in air-drying, the kiln engineer can do
nothing to improve the quality except reduce the moisture

content.



CHAMTER 111
TYPis UF LUMBER DRY-EILNS

Mry-kilns mey bte of s number of types or gener=sl
clagsificstions, They may te grceuped zccording to the
princirles inveolved in theiy Tunction, or Ly types of dfy=
ing ecuipment used, The efficiency recuired of the unit
%ill depend upon the exactness desired in the finished
product, JSome kilns are used to opeed up the time of dry-
ing lumber {rom the green staze to 2 normal moisture cone
tent thet could be expected in nir-drying over a longer
period of time, (ithers nre used to bring the moisture
content to »bout seven percent for lumber that is to be

uged in furuniture constinuction,

Ghugknl, CHARACEERILTICH UF DRY-AILRS
Ory-~kilns ore ol two genernl classes; namely, proe
pressive and compartuent, 7hese two lypes may be classie
fied according to ajir circulstion aud heat transfer as
follows: neturaleair-cirenintion, forced-cir-circulantion,

and hest-conduction kilns,.

laterinls. The rost satisfactory materinl for the
consiruction of a pood dry-kiln is dense hollow tile, lHowe
ever, they may he built of lumber, brick, concrete, or other
similar building materisls., This phase of dry-kxiln construc-

tion is diescusaed fully in Chapter 1V,

Size of “iln. Kilns may vary in size from one which




acconodates a charge of not more than sne hundred hoard
feel of lumaber to one which will held as much as 200,000
board feet of lumber, The widih for a siugle truck of

end piled lumber is usually about twelve feet with an

added epmce of ten feet for eseh additionanl trieck., here
cregs=-piling is procticsl, the widt: wiil vary from eightceen
to twenty-two feet with an sdded width of eighteen feet for
each extras truck, The length of a kiln may vary from t.en-
ty feet for a siarle truck to two hundred or wore feet for
extrs trucks. 7The height of the kiln will depend uvpon the
height of the charge and the amount of space that is rea
cuired for the machinery used for drying., -here fans are
located below the charge, it may be necessary to elevate
the tracks and fans above ground level if the loc=l)ity is
such that geepossre may cauge trouble, This will present

the problem of having tne loading and unloading truacxs ae-
bove the floor level, ‘here overhead fans and coils are
uged, the tracksg may be placed on the ground level, which

enal.leg the oper=zicrs to uove the trucks more easily.

Henting, ©Steam coils or unit heaters ususlly supe
nly the hent for a kiln, although some are hesated by suoke
pipes or house radiators. lstursl circulsntion kilns must
have the guiply of heat below the trac: level while in those
using forced-circulation, internal fan types of equipment
may hove hest supplied from the tep or the under side of

the load, Blower type kilns are usually hcated by unit



! 33

type heaters located on either the high-pressure or love

pressure side of the charge,

Humidity. Humidity conditions must be controlled
at all times in & Kiln to insure proper <drying. <There is
usually sufficient moisture evaporsted from the lumber in
the early steapes of drying to insure the proper relative
hunidity, but in the last stages of drying and condition-
ing, it may bte necessary to add moisture from a steam spray
or waler spray system, All kilns are equipped with some
type of ventilators to help in controlling relative humid-
ity conditions, 1These ventilatlors may be operated suto-
matically or manually to remnove excess moisture when necces-

EAY Ve

Circulation., lLoad and fan baffles are recuired in

a forced circulation kiln, to prevent short-circuiting of
the nir away from, and to defleet it to the lumber, These
baffles should extend from the top of the load to the ceil-

ing, and from each end of the load to the end of the kiln,

HOW A KIIN FUNCTIONS
The function of the dry-kiln is to remove a certain
amount of wmoisture from the lumber without causing damage
to the wood structure, Iumber loss from degrades caused
from checking snd warpage can be minimized in a dry<kiln
where drying conditions can be controlled und regulanted,
bterilization treatments can be given to retard or «top

the growth of mold snd stain,



Lumber is kiln dried by circulating

alr, controlled vwith respect to its

temperstlure and humidity, through

the kiln charge to evaporate the wa-

ter contained in the wood and expel it

from the kiln.l

Alr must be circulated in a kiln to transfer the

heat from the heating coils so that the moisture in the
lumber ¢on be evaporated snd carried away. If the circue-
lation of the nir is not uniform =and adecuate through-
out the kiln, poor resulis 11l be obtained due to cool
spots in the charge. The more rapid the roisture diffuses
throughout the wood, the wmore rapid the circulation of
the z2ir should be, 7The moist hot air will be expelled
through the vents and will be replaced by fresh dry =ir
drauwn from the oulside und through the heating coils,
If the moisture is not removed {rom the kiln, the relative

humidity will inerease until drying of the lumber will

slope

Hatural Circulation. In nsturale-circulation kilns,

the movement of the air is much slower than in the forcede
circulation type kilns usnd drying will bte slower. The
more rapid the circulstion of the air, the more efficient
the drying system will he, The rapid movement of the uir
will take up heat Trom the coils to te distributed through
the kilne Hest is usually furnished by steam coils, al=
though it may, in some cases, be furnished from open fires

or sroke flues,.

le Types of jumber Dry Kilns, U. 2. #orest rroducts laborae-
tory, Bulletin lio. R1661, page 3.
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It is importaut that the relative bumidity bLe
controlled in addition to applying heatl iu insure proper
drying cenditions., ‘here hezt alone is applied, the lume
ber will dry too rapidly on the outside and damage will
opecur, The circulation of the zir must be uniform through-

out the kiln.

Improper radiation, humidification,
air circulsation, ventilation, piling
and loading practices, and kiln and
equipment maintenance, individually
or collectively, will produce une
satisfactory drying results, Lven if
all these factors are satisfactory,
however, poor contrelling instrumento
or improper control of drying condie
tions on the part of the operator
will give ecunlly unsatisfactory re-
sulta.2

The proper operation of & dry-kiln is & highly
technical occupation, luman and wmechanical elewents
must be balznced and reguleted to produce good recults,
It is important that the kiln engineer te familiar with

the mechanical equipment and the characteristics of the

lumber to be dried.

Torced Circulation., Forced air circulation in a

dry-kiln may be obtained to a limited degree by an ine
jection of » wuater spray or s steem spray. Fangs, of ei-
ther the internal tjpe or the external type, are usually
used to stimulate circulation. There are many types of
these fans in use, but all are designed to move as much

air as possitle through the kiln charge., loisture cannot

2. Ibid, page 2e
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be extracted from the lumber without air circulation,
The moisture laden air must then be withdrawn or forced

out of the kiln room,

Heat Conduction., %The hest conduction type of drye-

kiln is not considered very satisf=actory and is seldom
used. The kiln charge is stacked on the steam coils to

a specified number of layers, then another series of coils
is used on which more lumber is stacked, This series of
layers of lumber nnd steam coils continues to the desired
height, The heat, from the coils, dries the molsture from
the lumber »nd the moisture is carried away by natural cir-
culation through vents in the roof, The humidity cannot te
" controlled and the lumber near the coils will becone over-

heated and damaged by too rapid drying.

TYPES OF DRY-KILNS
Dry-kilns may be grouped or classified in a number
of wayse “/hen considering the manner in which the charge
is handled within the kiln, it may bLe classed as a pro-
gressive or a compartment kilne The principle invelved
in establishing and maintaining conditions is much differ-
ent, 7The results obtained from employing these factors

vary greatly.

Progressive ¥iln, The progressive kiln charge cone

sicte of s number of truckloads of lumber, each in a differ-

ent stage of drying. s the lumber is dried, one or more



truckloads of lumber are removed from the dried end and
other trucks are moved toward that end and trucks of green
lumber are moved in to fill up the other end, This process
is repeated until the charge has progressed from the green
end of the kiln to the dry end. Venting, to remove moisture,
is done at the entering end of the kiln where high humidity
conditions exist due to evaporation from green lumber, The
first end of the kiln is kept nt a lower tempernture due to
the excess amount of moisture being evapornted and less ra-
dintion apacé of the heating coils, Humidity decreases as
the lumber moves to the dry end of the kiln =nd radiastion
may be increased as the lumbér tecomes drier. lost progresse
jve types of kilns are of the natural-circulaiing system
type and in iheée the nir circulates longitudinally and verti-
cally. Air may be moved transversely in some forcedecircue
lation kilns.
A progressive kiln can be used success-
fully where a constant supply of lumber
of the same species, particularly of the
nonrefractory species, and of the same
thickness is aveilable for kiln drying,
and where the final dried lumber need
not te free of internal atreaaea.s
The final conditioning treatment, to relieve lumber
of Arying stresses, cannot Le given in a2 progressive kiln
and it should not be used when these conditions must be
met, This type of kiln is used mostly where there is a

constsnt supply of lumber of one species and size to be

dr iﬁdo

3« 1bid, page 4.
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Compartment Kiln, Fost modern kilns are of the

compartment type which is fully loaded at one time, and
the entire charge remains in place throughout the drying
time, The drying conditions are kept as necrly uniform
throughout the kiln as possible, These conditions are
varied during the drying process, Compartment kilns are
of three types: natural-circulstion, forced-circulation,

and conditioning kiluse.

Natural-Circulation, Naturanlecirculation type come

partment kilns csn be constructed at a lower cost than the
forced-circulation type, but more time ig recuired to dry
a charge of lumber because of the slower circulation of
air. The pir is circulated by natural means, the hot air
rises and the cool sir falls, Cool fresh air enters the
kiln from the outside through fresh air ducts, passes over
the heating coils, becomes lighter and rises through the
vertical "A*® flues provided by proper stacking. They are,
however, some opposing air forces between the hot air and
cool nir which hinder proper circulation resulting in wet

spots in the kiln charge.

Forced-Circulation, JForced-circulation compartiments

may be classified into water-spray, internal«fan, external
fan, external blower, and internal blower types., Alr cir-
culation in the water-gpray kiln is induced bty water-spray
Jete that move the air through the heating coils and upward

through the ®"A® flue in the kiln charge, then transversely
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to each side of the charge and dosnwsrd between the snides
of Lhe eharpe sad the kiln walls, The temper:iure Qf the
water cnn e cantrnlled tan keep kiln conditions proper.
Ar cirenlstion in this tape kiln ia positive, but slow.

This type “iln is neldom uned at oresent,

Shorteshaft Internalefan ¥ilng. Short-shaft inter-

nal-fan kilne 2re equinped with individually motor driven
fans which rnay Leé located ecither albiove or below thne load,
These Kilns nmayv use crossepiled or end-piled methods. In
eress-piled kilus the =2ir is wmoved Trom the fan the full
length of the kiln through baffled «ir ducts znd returned
to iLhe fan through a return line where it is heated and
re-circulated. Vents in the Kkiln permit the escape of hot
humid »ir =nd the entry of cool dry air, Contreol bhulis are
located telow the track level, Reverse=circulstion csn be

acconmnlished by changing the rot-tion of the fan,

long-shaft Internal-fan <ilugs. 7The long-shafti

internsl«C=2n kiln may be of the same type as the shorte
shalt kiln except that sll of the fans are mountsd on one
long shaft which runs from one end of the kila to the other.
The shaft and Fans are cper-ted by = single notor mounted
outside the kiln st either ends This fan 1s of the revere
sikle type so thal the directions of the sir circulstion

can be reversed to iusure praoper drying conditions, This

tyce of fan recuires a system of baffles to divert the air
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flow in a longitudinal direction. One half of the {ans
are right hand fans and the other hnlf are left nand fans,
The baffles are arranged diagonally and change direction
at the center point btetween the right-tand and left-hand
fans. 7The two center fans onpose each other, blowing to-
ward each other when rotated in one direction and auay
from each other when the motor rotation is changed.

As in the short-sghaft system, these fans may
te mounted atove or below the kiln charge. The heating
coils may also be located atove or btelow the load, Baffles
must be provided below the fans in case of overhsad fans
or atove when fans are located below the tracke An opening
about thirty inches wide should Ve provided Letween the
baffle and wnll of the kiln, These fans may te used for
single-track or double-track kiluns, «hen used on doublee
treck kilns, & booster coil is ndded between the tracks to

reduce the temperature drope

ixternaleblower Kilns, The external blower type

kiln may be of the single-track or double-itrack type, The
heating snd fan units are loceted outside of the kiln,
ususlly at‘one end,s The air is forced into the kiln thragh
air ducts located under the ®"A" flues of the lumber charge.
The air is forced up through the "A"® flues and out through
the layers of lumber, then back to the fan unit through
return ducts loacted in the floor neasr the wallse 7The re-
turned air is reheated znd then recirculated through the

charge, Ventilator staciks ore provided in the blower hous-
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ing to expel hot moist »ir, which is replsced by cool dry
air through fresh air doors.

Some external blower kilns are constructed so
that the air circulstion can be reversed, forcing the air
up through the outside plenum chambers, through the charge
of lumber, and back through the ®A* flue., Conditions are

controlled from the entering air ducts of the kilna

¥urnace-type Internalefan Xilns. The internal~fan

furnace-type kiln is heated by a large smoke pipe which
passes buck and forth and up along the length of the kilyu,
then to a chimney in the roof. The fans blow the air across
this smoke pipe, which is hested by the furnace, to one
wall, then through the lumber, from where it is returned
to be reheated, The humidity is maintsined by a steam
epray line, controlled automatically or manuallye

It is difficult to make recommendations as to
the tyne of dry~kiln to instzll without making s thorough
study of all the conditions involved, It is probably ade
visable to locate as much of the machinery outside of the
dry-kiln compartment as possitle because of the damage that
may te caused from acids and moisture given off by thie lun-
ver 8 it is bteing dried, It is possible to purchase motors
and other ecuipment thut give satisfaction when used inside
the kiln, Xotors and ecuipment located outside the kiln
can ke serviced by the engineer during kXilnm opecration times

with less discomfort than those located insidee.
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Availibility of material and labor, as well
as local build ng codes, may determine the type of build-
ing to be constructed.s Frevailing temperatures and other
weather conditions must be considered when choosing build-

ing materials and types of construction.
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CHAPTER IV

MRY=XILKE BUIIDING VATERIALS 1D CULLTRUCT 1UN

The builder of a dry-kiln should have in mind a
number of conditions peculiar to the locality before
making a decision concerning the type of instnllalion
chosen, upecificstions may te secured from manufacture
ers of dry-kilns to guide the builder in making this
cticices 1hese companies will readily give the Luilder
the advantage of their exXperiences in building the struc-
ture and selecting the necessary machinery for efficient
operation. #+he type of ecuipment desired phould bte pelect-
ed and the plans of the building should be checked by the
xiln ecuipment manufacturer for det-ils to determine

vhether or not the ecuipment iec suitsble for the building.

GENURZAY. CONDIT 1CHS

¥aterinls gsuitable for dry-kiln construction
are nmore or less limiled to wood, concrete, concrete-
blocks, brick, and terra-cotta tile., other materials such
as fiberboard, and asbestos cement Loard are sometimes
used, oteel is used fer tracks, fans, fan supports, heat-
ing ceils, baffles, and other suck parts. vome steel is
uged for structural parts and as reinforcement of cone
crete parts, ror desirabtle resulis, exacting reguirenents
nmust be met in structural detsails,

Gince dry-kilns are subjected to severe
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moisture and hent conditions both inside and outside,
they can te expected to be shortere-lived than most
structures,

They not only have to withstand weather,

but 21so the actiono f high temperatures

and humidities, the expansion and cone

traction caused by frequent and wide

changes in temperature, and frequently

the corrosive action of ncid vapors

from the woods that are being dried, Yo

be efficient, the kiln walls and roof

riust be reasonsably resistant to transe

mission of heat.l
The selection of materisls for the building nay be
governed by a number of factorse. Jlocal building codes
may reocuire a certsin type of building made of fire-
proof materisl, In:surance rates may urohibit the use
of wood as a building material, Other principsl
considerations in the selection of building materinls
are duratility and availability, labor supply, ine
vestment required, snd c¢limatic conditions,

Concrete should always be used for floors,
foundations, and wall sections below ground level.
upecifications for concrete should be prepared by a
resident engineer to meet local reouirements, Iteel

reinforcerent should be nrovided to strengthen the

concrele.

le Dry-*iln Building laterials and Construction,
e 5 Forest “roducts laboratory Bulletin lo. R 1646,
Page 1.




45

Jumber is often used for other structural parts
in locenlities where there is an sbundant supply. Ya-
sonary may be used for walls with wood for roofs. sine,
douglas-fir, spruce, cypress, and redwood are corumonly
used for walls and roofs due to their atility te resist
decay. A wooden structure ususally has a lower initial
cost and is exgy to repailr +hen necessary. There is also
a high resistance to heat loss, but the fire risk is
great,

RBrick, concrete, concrete htlocks, and tile are
fireproof, but are subject to damage caused by expnle
sion and contrsction. There is a rather high rate of
heat loss in solid masonary walls and roofs. The porous
condition of such structures and the erncks which appesar
from exp-nsion and contraction cause difficulty in cone
trolling the humidity in the kilne. Hard~turned brick or
load=besring terra-cotta Lile are excellent wall mater-
ials. 411 large masonary type buil)dings should bLe cone

structed with expansion joints,.

STRUCTURAL DETAILS
Proper design ond specifications must be care-
tully followed in the construction of a dry-kiln to
insure satisfactory resulls, Good kiln engineering
practices and construction must be adhered Lo becnuse
of the severe conditions to which the buliding is

sukjected,
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Subfoundations, #uch of the serviceatility and

life of a structure depends upon the subfoundation orx
footing. The requirements for this portion of the
building can be determined by the scil conditions and
type of structure to be built, The footings must be
adeouate to support the weight and strong encugh to
withsto-nd changes of soil expansion and contruction
during seasonsl changses., Any subfoundation failures
caused by natural conditicons will result in other
structural damages., In addition to building damages
resulting from eracks, temperuture and humidity control
will be difficult, The tracks may get out of alignment
and cause truck handling difficulties, TFootings require-

mente shovld be establisbed Ly & resident engineer.

Foundations. Reinforced concrete should be used

for all foundntions nnd should te designed to carry the
load placed upon it, Jaterproof concrete should te used
where ground water will be encountered, The foundation
should extend st least six inches above ground level,
‘here wooden walls are erected, the thickness of Lhe
foundation should ke about ten inches, Ior masonry walls,
the foundetion should be the same lhickness as the uwalls,
xpansion joints sghould bte provided in foundations where

the span is forty feet or nore.

¥loors nnd Tracks. i{ost dry-kilns have reinforced

concrete floors atout four inches thicke, They nay bLe



level or mpy contain nits depending upon Lthe type of equipe
ment used., “here under-track equipment is used, provisions
must be made for installation. GSome floors contain
steel gratings to permit air circulation. 4is a safetly
factor, floors should be as nearly level as the installae
tions will permit,

Tracks for trucks should be set in the floor st
the time that the concrete is run. The tracks should Le
riade of thirty five pound per foot steel railroad rails,

and be set with the tops level with the floors.

sallse The walls should be made of material strong
enough to support the roof and any machinery that may be
inet~»1led above them, The walls should te good heat
ingulators and resistant to vapor tranesmission. 4ll
partition walls separating adjacent kiln compartments

should he constructed to satisfy these same conditions.

‘Jooden Jallse. ‘“here wooden wall construction is
used, the studs should be two inches by six inches, and
set on sixteen inch centers. The inside should bLe covered
vertically with vapor-proof building paper. The outside
shenthing should be shiplap or center-matched material
covered with drap or teveled sidinge Insulation material
should be used to fill Lhe space between the studs.

Slow=-burning walls are e omet imes used where

lumber is plentiful and cheap. These walls are constructed
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by nailing together two inch by six inch stoek laid flat,
one piece above thne other, Buildings thus constructed
usually carry a lover insurance rate. They are aslso

slow to transmit heat and vapor.

Conecrete “Walls. JFoured concrete wails are seldon

used in dry-~kiln construction hecruse of heat and vapor
loss snd damage caused to the walls by expansion and
contraction. “here they sare used for rmny reason, such

as availability of material, they should be well reinfor-
ced with steel and made of a standard mix. COutside walls
should be twelve inches thick and inside walls should te
eight inches thicke. One~half ineh vertical expansion
Jjoints must be provided for each forty feet in length.
iilnsters should be included in the walls at twenty foot
intervals, The walls should be coanted on the inside

with insulating sand vapore-registing material.

Concrete-Block walls. GSome kilns are built of

concrete-blocks, These blocks should be made of cement,
sand, and some nggregate. Cinders, burned-clay, or slag
provide some insulating properties; however, crushed
stone, which is a poor insulator, is sometimes used,

A more recent aggregate that is used, but has not been
tested thoroughly is pumice, This is light in weight
and is a good insulator. All concrete tlocks should be

of hollow construction, Tempered mortar should be used
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te bind the blocks together, These walls should be
plastered »nd covered with vapor-proof insulating material

on the inside,

Brick +salls. Dense, hard-burned brick laid in

tempered mortar makes one of the most satisfactory walls

used in the construction of a dry-kiln. 7The wall should

be thirteen inches thick, and strengthened with pilasters
spnced twenty feet apart. 4 good kiln paint should be

applied to the inside of the wall,

Terra-cotta Tile. Vhere terra-cotta tile is used,

it should te of the dense and hard-burned load-bearing
type. 7Jalls shovld be twelve inches thick and laid with
tempered mortar and pilasters should be used a2t twenty
foot intervals. The inside of these walls should be

painted with kiln paint,

¥iln Paint. Kiln paint should be used on the

inside of all kilns to reduce the loss of heat and vapor,
This paint will also ;rotect any metal used in the cone
struction from the corrosive action of the acid given
off in lumber drying., This coating will also help pro=-
tect the mortar used in masonary buildinrs., This paint
is of the mastic type and should be npplied ne often as

needed to keep a good protective coating on the walls,

Roof and Ceiling. It is difficult to construct a




roof on a dry-kiln that has =11 of the desirable cuslities,
It shculd e nearly flat, but must ane gufficient pitech
to drain well, Tt should te strong enough to suzport
itself and any machinery or control tower that may hae lo-
cated nbove itl, Heat and vanor rusiastance are faclors

to be considered.s The underside of the roof should be g
uniform distance from the kiln load to give praper air

circulntion where a separate ceiling is not proevidad,

“here g suspended ceiling is provided helow
the roof, it shoula nave sufficlent zir apace and ven-
tilation to reriove moisture w:ich passes thrcugh ite.
the roof coulld possilly be iansuluted with less expense
then a sepavate ceiling when a slab roof is used, It
is possible to remove woisture from tne ceilinm: with

a series nf gtesm pipes inctnlled directly benestnh ite

sooden Roofs, & wooden roof on a dry-xiln is

ususlly snoert-lived, b=cause of tae hazard of decay, re-
sulting from excessive vapor, ‘here wood gheathing types
of raefs are used, they shiouid be sup.orted by two inch
Joiats placed on gsixteen inch centers, These may be
covaered with one Inch material which is covered with

a vapor barrier CUHBiﬁL{HK of roofing paper mopned

with asphalt, n tnis should be placed another laver

of tvo inch planking wanich is covered with composition
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roofing. The exposed joists interfere with air circulstion
in the kiln where a ceiling is not provided,

The most satisfactory wooden rcof is made
of the laminated or slow-turning type where two inch
by eight inch stock is laid on edge, nailed firmly
together, and covered with composition roofing. This
requires a large amount of material, but provides good

insulation.

Reinforced-concrete Roof. The rcof may te made

of a slab of reinforced concrete if desired., Due to the
heat and vapor loss through this rcof, it should be
covered with a vapor barrier of building paper mopped
with asphalt, and then covered with two or three inches
of insulating wmaterial topped by a composition roof.

wxpansion joints must be provided on large slab roofs.

Tile and Concrete Roofs. Terra-cotta tile, supported

by concrete beawus, is sometimes used as » rcof. This
should bte provided with vapor proofing and insulation as
described for slab roof. Zxpansion joints must also te

provided,

Doors. The efficiency of a well constructed and
adequately equipped kiln can ke greatly reduced by poor
doors. Doors should te made as light in weight as possilble,
tut still have good insulating qualities., They may Le

made of a steel framework covered with two or nore
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ayara of one inch wooden material and

b are sometlinmes
covered with sheel metal.

Patented hinges and tracks are usuzlly used
nn kiln doors, Swinging doors are not considered very
satisfactory. A small inspection door should be pro=-
vided in the kiln so that the large door can be kept
closed while the kiln is in operation and the charge

is being inspected,

Control Rooms. The control room should Le made

of sufficient size to house sll instruments used in
checking or operating the kiln. It may be located at
any convenient place aboutl the kiln. ‘“here machinery
is located on top of the kiln, it may te advisable to
have the controleroon on top of the roof. All testing
aquiyment and records should be kept in this room to
insure more efficiency.

The building material could be of any type,

but it is more desirable to have it made of the same
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material as the kiln., This should be the kiln engincer's

laboratory.

The most expert kiln engineer with the most
modern kiln equipment cannot do satisfactory drying of
lumber if the building is not properly designed, cone
structed, and maintained, The locstion and the cli-
matic conditions will have a great bearing upon the
type of kiln construction and the kind of building

material that should be used.
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CHAZTER V

TRUZRAIURE Vb~ URIRG AHD CCONTRULLING DEVICHES
11 LUFB:R IRY-RILhG
It is very important that an accurate measurenent
of wet-bulb snd dry-bulb temperatures in a dry-kKiln can
be recorded nnd contrelled for efficient operation., ill
controls and instruments are calibtrated on the Fahrenheit

scale,

PRINCIPLES BEMPIOYSD 1IN VEASURING TEYPRRATURES
Five principles employed in measuring temperatures

in a dry-kiln will te considered in this chapter,

Iicuideexpansion Thermometers. Iicuideexpansion

thermnometlers are very oftea used for temperature record-
ings. These thermométera are generally filled witlh ner-
cury, «lthough cther fluids, such as hydroecarbons, are

not uncommone. lercury filled thermometers nay be successe

fully used with temperatures ranging from -35% to 1,0000 F.l

Gas-expansion Thermomelters, (Case-expansion there

rmometers have 2 range from about ~2000 to 800o Fa HNitroe
gen is the most common gans used as 2 Tilling medium and
"operates on the principle of Charles' law. The scale of a
ras-expnnsion thermometer is not linear and must be cona-

pensgated Lo provide a linear calibtration.

l. Tempernture leasuring snd Controlling Devices in
lumber Dry-HKilns, U. O. Forest lroducts laboratory Bulletin

¥o. R1654, page 1.




Vapore-actusted IThermometers. Vapor-acliuated ther-

mometers utilize vapor pressure Lo actuate the indicaling
element, 7The vapor pressure of a liquid varies with tenm-
perature in accordance with the laws of thermodynamics.

The most cormon filling media for vapor-actusted thermom-
eters are sulfur dioxide, ether, methyechloride, and tuluene,

The range of temperatures is usually from -50° to 6000 F.a

Thermal-electrical Thermometers. Thermal-electri-

cal thermometers emnloying th: change in an electrical
characteristic may be used Lo me.sure temperantures, 7Two
dissimilar wires welded together at one end are known as
thermocouples, “hen the tesperature at the welded ends
change, an electrical potential is generated in the cir-
cuit, and this can be measured by a potentiometer connected
to the free ends. Vires used in making thermocouples for
mensuring temperntures in dry-kilns sre usually copper

and constantane

Bimetnllic Thermometers. Bimet:llic thermometers

are constructed by welding or soldering together two met- -
al stripe having different coefficients of thermal eXpane
sione The change of t-mperature can te indicated ns the
timetallic etrip deflects from one side to the cther,

thus operating an attached contrelling arme.

2« 1bid, page 2.



TYinG OF THERMOY¥ETERS
Thermometers of three types are used in measuring
dry-kiln temper=turcs, They are indicating, maxinum-

reading, and recordinge.

Indicating Thermometer., The iundicniing thermom-

eter is constructed of a glass stem, with a bulb at the
bottom, containing the fluid which when expanded by heat
registers the temperature on gradustions etched cn it,
A thermometer attached to a metnl strip with rendings
starned on it is not reliasble due to the chance of the

stem's changing positions on the calibrated strip,.

Vaximunereading Thermometers. Haximumere-ding

thermometers mny be used to measure the highest tenpera
ature existing in the kiln, It is similar to the clin-
ical thermometer and does not register the retarding

temperatures,

Recording Thermometers. Ilecording thermometers are

of the extensione-tube type where the sensitive element
or bulk is connected to the instrument by a capillary
tube, Three types of these instruments are suitable for
dry-xiln use, snd msy be filled with mercury, gas, or
vapor. The gas filled recorder is ordinarily used,
Theae therrmometers may be cnlibrated similor to the
glass tube thermometer and sdjustments may he made by

changing the position of the recording arm by means of
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a screw provided for thest purpose, /et-bulb recocrders
and dry-bulb recorders should be calibrated st the same
time., A longer time will be recuired to get an accurate
reading on this type of instrument due to the lag in the
change of conditions in the longer tubte. Adjustments
should be made when conditions are as near as possitle

Lo operating conditions.

Calibrating Thermometers, 4 thermometer may be

calibrated by comparing it with one known to be accurate.
This is most accurately done by using a standard twelve
inch mercury-filled indicating thermometer with numbers
etched on the stems 4 thermometer is ca'ibrated by plac-
ing it in cold water with a standard thermonmeter, and
taking the readings on both instruments, Iest Lhe water
“nd take readings, =t intervals, on both thermometers.
The difference in the readings of the two instruments
will indicate the error of the one being tested and the
correction can te wmade., A plus correction is made when
the standard reads higher and a minus, if the reading is
lower, If a standard thermometer is not available, a
nunmber of thermometers may be used, znd the average of

then can be considered as fairly reliable,

RARS OF CUNTROLLING TEMIBRATURYES

Temperatures nust Le contrelled in a dryekiln to

give proper drying conditions. The older types of kilns
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may use a manual ccntrol system while all modern kilns

are equipped with automatic control systems, It is nec-
essary to use automatic control vhere a rigid drying sche-
dule is to be maintained, Greater variations in conditions
must be expected where manually operated equipment is u:ed

even when an operator ieg in charge at =211 timen,

¥anual Control, Manually operated heating valves

are used to furnish the desired temperatures for some kilus,
Unit heaters may te provided which are supplied with heat
from constant steam heat. It is necessary to have an op-
erator on duty at all times to regulate the flow of air
through these heaters. “hen cold or warm conditions exist
outside of the kiln, it is necessary to regulate louvers
in the kiln snd in the alir flow from the outside to main-
tain uniform conditions inside, .hen the weaiher is cold,
a large amount of heat is lost by radiation through the
kiln walls, u2nd also mure heat is required to tring the
outside air to meet kiln temperatures. In hot weather,
the conditions are reversed,

+hen heat is furnished by steam coils located
within the kiln, it is very difficult to maintain proper
temperatures tecause the amount of steam pressure is diff-
icult to control. This can be accomplished to a certain
extent by using steam reducing valves. It is never advis=-
able to attempt to contrel the steam flow into the coils

by regulating valve openings. The valve should be completely
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opened or closed, or it will be damaged by grooves being
cut in the partly opened valve by the steam flow., ‘hen
these valve sesals have lLeen damaged, it is impcssible to

contrecl the flow of steame

asutomntic Controls, Yoot modern dry-kilns are

eauipped vith self-contained or air-opsrated autonmatice
controls. Self-contained thermontats are opersted by
direct action of vapor and liquid pressure on a d4diapnragn
rmotor which operates the valve stem., Air-operated therrni-
ostats do not react instantaneously to temperature changes,
and # variation of temperatures can be expected.

In the various types of sutomatic controlling
instruments thermostats are used to control temperatures
in dry-kilns, butl usually they are iuncorporated with more
elaborate equipment such as a recorder-controller.

llost thermostats in dry-kilns employ a cap-
illary=tube and a bulb that contuins a liguid vapor or
gas. Thermal expansion and contraction sand pressure
changes within the closed system are used either cirectly,
a8 in the self-contoined type, or indirectly, as in the
auxiliarv-operated type, to operate a diaphragm valve on

3
the heating system,

Self-conteined Thermostats. Jelf-contained thern-

ostats combine in a single unit a valve and the fiuid con-

taining system, consisting of the Lulb, the capillary

3« lbid, page 3.



cennecting tute, znd meclor beat., Jsressure inside the bulb
cheorges ity variaticn c¢f the temperature of the kiln, which
in turn causes correeponding pregeuvre changes in ihe motor
heads 12is ncliown cpere or cloger. the valve whkich is cone
trolled ty the diaphrsgme 7The valve ia a very senasitive
instrument, usually balanced to insure free action, »nd wmay
be vogulated by nesny of apringe o2 welights,

The gelfeconteined theormostat requires no
outglide source of power, and is inexpensive to inectallg
however, it is not az quick to raspound to tewperature
changes sand will not withstand a varied steam pressure,

The self-contained thermostat is of most vnlue
in the progressive type kiln where the temperzture is kept
constant, and the motor head 1Is not subjeeted to n temper-

ature change taat occurs in & compariuent type of kiln.

auxiliary-operated Thermostat. The suxilisry-opere

ated tunermostal depends upon some outside source of power

to operate tue sleam valve, rover for operation of valves
is oktuined from electricity, water or steam pressure, or
compressed air, or a coubination of two cor more of these
forces. This type of therﬁost;t is more sensitive than
other types, snd will hold the tempersture ranze to sbout
one depree Tahrenheit, where ample z2ir circulation is pro-
vided, It is composed of the extension-type tube with bulb,
capillary tube, =nd pressure-sensitive hollow spring or cape

sule filled with &« licguid and its vapor,
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Fither dry-bulb or wet-bulb temperatures may
te controlled by 2 thermostat. The bulb is covered with
a wick whiech is supplied with water from a tank to give

a wet<bulb reading.

Recorder-Controller. 7he recorder~controller is

a combined thermostal and recorder in which the termperature-
gengitive element regulaies the = ir supply to the dia-
phragmemotor valve sznd also moves the recording pen arie
These instruments are ecuipped with a wet-bulb and one
or more dry-tults. Two dry-bulbs are usually used in re-
vercible=circulstion compirtment dry-kilns to insure a
rore rapid adiustment of the heat supply. The buld lo-
cated in the highest temperature zone will be the con-
trollings bulbs. Some recorder-controllers also operate
an autonatic vent system by means of attaching a controlle-
ing mechanism to the helicnl spring of the wet-bulb contrel.
since the recorder-controller instrument is
small and is opernted from only one area of & dry-kiln, it
is imoossible to have 51l conditions perfectly controlled.
The Lulbs sho 1d be slaced in the hLiottest mpot of the kiln,
it can be determined by taking temperatures at various
places in the charge, so that the lumber will not have an
excessive amount of degrade from tego rapid dryinge Bulbs
should always be placed on each gside of the charge, =bout
midway betlween the {loor and the ceiling 2nd nesr the

center from end to end.
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when external-blower (ypes of kilns are used,
the dry bulb should be placed in the hottest part of the
A% flue, if possible., Wuhere ihis is not possible, the
tult may ke placed in some other part of the kilng but
an adjustment oust be nade for the heat loss from the en-
tering air part and the location ¢f the bult. The differ-
ence in these temperatures csn ltie determined by using naxe

imum-reading type thermometers,
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CHAPTER VI

A PROPOSED DRY-KILH FOR THE OKLAHUMA AGRICULIURAL
AND NVECHANICAL CCULLEGE

ifforts are being made to construct and equip a
modern dry-kiln at the (klahoma A. & ke College, This
vroject is being sponsored by the Depsrtment of Industrie
al arts Lducation and sngineering Shouwork, Luch inter-
est and support zre given by the Department of rorestiry.
This proposal includes the aspectis of offering courses
of instruction in the operation and maintainance of no-
dern dry-kilns. A supply of properly dried lumber can
be provided from the school shops and commnrcial 1Mo fl-
ufacturers. 7The management of the dry-kiln would be
assumed by instructors in the Cabinet Shop whieh would
use a part of the lumber dried. Thisg kiln will be of
suffieient size to dry one truckload of lumber which is
about six thousand board feet, Custom drying could be
done to providé a continuous operation and help pay the

cost of opersntion..

The dry-kiln location is adjacent to the Cabinet
ihop at the northeast corner of the southeast wing of
the building. This location was clicsen Lec uve of the

convenience di'operation and handling of rnlerials,

THE BUILDING

This dry-xiln is to Le an annex to the present
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Industrial Arts Building which is made of red brick. it
is in keeping with the main architectural plan. 1kis
building plan furnisghes desirable londing :nd unloading
facilities for handling green and dried lumber, snd is
convenient to storage space for dried lumber. Ylates
Jose I and Ho. II of this chapter represent the uroposed

plens of this building,

Subfoundation. The subfoundation or footing plan

calls for reinforced concrete made of a standard mix of
one part of cement, two parts of sand, and four parts of
erushed stone. One<half inch reinforcing steel, placed

on six inch centers will be used in the footing. 7The sub-
foundation will te one foot thick, twenty-four inches wide
and four feet deep.

Footings under the columns supporting the cone
crete slab above the loading area will Le one foot thick,
two and one-half feet square and five feet deep, and cone
tain one-half inech reinforcing steel placed on six inch
centers, Continuous footinge under the rails are to Le
nine inches thick, twenty-four inches deep and contnin

two one~half inch reinforcing barse.

Foundation.,. The found-tion will extend =ix inches

above ground level and will be made of reinforced concrete.
The mix of one part of cement to two parts of sand, and
four parts of crushed stone will be used for the foundation,

Cne-half inch reinforeing steel bars are to be placed in
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the concrete to provide added strength. The foundation

will be thirteen inches thick,

Floor and Tracks. The floor of the kiln will be

made of reinforced concrete four inches in thickness,
This floor will extend two inches above the ground level
to elininate surface dreoinsge from entering the kiln.

The tracks for trucks are to be placed in the floor at
the time the concrete is poured, These tracks will be
made of thirty-five pounds per foot railroad rails. OUnly
enough depression should be made in the concrete on each
side of the rails to permit free passage of the flanges
on the truck wheels, A level floor of this type makes

a safer working surface,

#alls. The walls are to bLe mude of dense, hard-
burned brick set in tempered mortar. These walls will
te thirteen inches thick and eighteen feet snd six inches
high, The width of the kiln will ke fourteen feet and
the length twenty feet., The structure is to te joined
to the main building by removing part of the brick and
ingerting the brick in the new wall. A portion of the
wall of the existing building will serve as one wall of

t}le i;.i ln.

Fan Deck, A two and one-half inch thick reine
forced concrete fan deck supported by three, eight iuch

l-beans, will be provided through the center of the kiln



from one end to the other, This deck is to be eight
feet wide le:ving = three foot open space on each side,
Anchor bolts will be set in the slat for instazalling the
fans and kaffle aysten. A clearance of five feet and
five inches between the ceiling =nd the deek is reruired

for the fun system.

Roof and Ceiling. The roof will be made of a

reinforced concrete slab resting on the top of the brick
walls., The roof is to be eight inches thick st the main
btuit*ding and will decrease to six inches at the outside
edge. ‘This rrovides a twe inch drop to insure proper
drninage »nd sl1lso provides a level ceiling, The slab
will te covered with roofing usper »nd mopped with as-
nhalt to provide a vapor barrier. Three inches of sheet
cork insulation will be placed on top of the vapor bar-
rier. A\ composition roof will be lajid over the insulae-
tiones Bolts nand flanges used for the inst:llation of
machinery and ecuipment are to be placed in the concrete

at the time it is poured, COpenings for ventilating ecuipe

ment are provided in the roofe.

Doors. The main door of the kiln is to be eleven
feet wide »nd eleven feet high, =nd constructed of two
layers of laminated wood covered with sheet aluminum and
bound on the edges with steel channels. .4 vapor seal will
bte vrovided btetseen the layers of wood. Gpecial patented

hangers and door trsck are provided for points of contact
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betvween the door »nd building. Any alr leakasge around
the door will unbalance the drying conditions inside the
Kilne

an inspection door should be provided in any
dry-xiln. This door iIs often located in thz wmain door,
but in this case, it is recommended that it open from
the southeast corner of the oresent lumber storage room,
This loeztion is more convenient for the operator and
conditions inside the kiln will not be saffected as notice-
ably as if an outside door were provided., This door should
be of the same type of construction as the main door, but
may be hinged to the door frame,

There will be a tight fitting steel door be-
tween the control tower nnd the kiln. This door will give

access to the fan and haffle inst=1lations on the decke.

Control Towere The control tower is Lo be built

above tue slab covering the loading docke 4 part of the
slalt will serve as a floor for this room. The rooms will
extend the width of the kiln and eight feet and four ine-
ches Lo the socuth, giving a seven foot inside messurement,
Thig tower will have eight inch walls and a four inch roof.
Two, thirty inch by thirty-six inch windows will be pro-
vided in the south wall snd one in the enst wall., The
door is to be located in the west wall and deck door in
the north wall,

A1l instruments =2nd control nanels will be
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housed in the contrel tower., This ie¢ to te the kiln

engineer's latoratory and office,

‘all and Ceiling Coating. 4 special «iln wall

paint should te applied to the walls snd ceiling, This
vaint is of thc mastic type and hag good insulating
cualities znd zlso retards vapor transmission. This
coating should be about one-fourth inch thick and should
be renewed =8 oftlen as conditions recuire, Under nore
mal operating conditions paint will last on the ceiling

and wall from cne to two vears,

Ioading Area. The loading area will consist of s

concrete slab aix inches thick, fifteen feet wide =nd twen-
ty feet long. It will be reinforced with one-half inch
steel iLare nlaced on s8ix inch centers. A track to the
kiln is to be set in this slabk on a nine inch by tventy-
four inch footing and a switching track provided to enter
the doukle door of the Cabinetl shop.

The overhead slab will be six inches thick
and supported al each corner with & twelve inch by twelve
inch concrete column, Concrete beams between columns will
mensure twelve inches by tweuty-four inches. 7These beanns

will support the weight of the deck and control tower,

BLUIPKMLNT
The most expensive nnd elaborate dry-kiln building

opernted by an expert dry-kiln engineer will not give
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sstistactory drying results without the groper ecuip-
ment, <The building snd the ecuipment should be designed
and made for each other. The efficlency of one depends
largely upon the other,

Wauipment receommended for the dry-kiln proposed
for the Cklshoma Aes & Yo College is of the most modern
type. “hen considering recuirements for ecuipment to be
used as an aid to instruction, and for experimentstion
and research the most efficient should te selected, This
ecuipment should be capable of properly drying any type
of lumber that might be selected. Ideal conditions should
be established in order to demonstrate effectively, the

principles of the operation of a Kilne.

Heating Unit, otearm hest is to be furnished fron

a high pressure steam line direct from the central power
plant, This steam pressure will be regulated by a stean
pressure regulator to maintain a steady supply of heat,
The condensate from the coils will be returned to the
power plant thirough a return line. A steam pressure of
twenty-five pounds per scuare inch will be mainlained at

all times.

Coilse The steam coils used to supplv heat for
the kiln will be made up of sixteen pieces of one and
one-fourth inch finned pipe, eight feet long. Thease
pipes will be welded to steel headers snd arranged so

that there are two coils containing eight pipes eache
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The coils will be placed horizontally across the open-
ing at one side of the fan deck so thal hesat will te
furnished to the lumber from the flow provided by the
fans, The coils should have a drop of one-fourth inch
per foot from the feed line to the discharge line to
ingure proper drainage. "hen reverse circulation is
desired, the sir flow will come from the kiln charge
through the coils where it is reheatedg then to the fans
and down the opposite side of the kiln and through the
lumber again, “'hen straight circulution is desired, the
air flow follows the opposite direction passing over the

coils from thie fans.

Headers. The headers used to make up the supply
and return feeders for the coils are to be made of four
inch steel pipe and welded to the finned pipe. elded
construction will eliminate the use of unions for cone-
necting the pipes., The feed »nd return pipes should be
inserted st the longitudinal center of the headers, and
at a right angle to the coile The supply line should
enter at the top of the heander, and the drsin line should

enter at the bottom of the return header.

Steam Trapse. One steam trap should te ingtslled

Tor each coil, to collect and return the condensate to
the return line, These traps must Le of sufficient size
to dispose of all condensate produced by the coils, and

should be placed below the coils where they sre fed by
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gravity. The traps should be placed where they can te
easily inspected snd cleaned when necessarye o gate
valve should te provided in each line ahead of a trap to
provide a means of closing the discharge line when the

trap is clesned,

Reducing Valve and Check Valve. 4 steam reducing

valve is recuired where ithere is a varistion of as much
as twenty-{ive percent in stesm pressure, This is placed
in the stesn line tefore it enters the feeder header. a
constant steam pressure will provide a2 more uniform tene
perature, A check valve should be provided in the return
line, ~btove the steam trap, to prevent condensate f{rom

re-entering thne eoil when &z vocuum is formed,

Fang and Baffless Four fans are to te mounted on

one shaft driven by a motor located in the control tower,
These fans are to be sixty inches in dismeter, have four
tlades each, and be located so that they are equally spaced
above Lthe fan deck. 1wo fans are to be right hand fans,
and the oth:sr two are to be left hand fans, Tliey will be
located so thal number one fan and number twe fen will
oppose each other, and number three asnd number Tour will
likewise oupose each other.

Baffles will be arranged sc that ench fan
is pleced in an opening in a haffle, (me =nd of the
ba“fle on number one fan will be conneeted with =snother

baffle at n ninety degree angle, which extends to the
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end of the kilns, The other end of the baffle connects
to the corresponding end of the fan balTle on number two
far. The gecond snd third fans are connected in like
marner snd 180 three rnd four fauns, liumber four is
then bzffled to the other end of the xiln, All baffles
rezch irom the fun deck to the ceiling of the kiln to
keep the air from short circuiting.

Humber one and number four {ans anre fed by
nir from the ends of the kiln and numbers two nnd three
are fed from the baffled section bet.een them. This causes
the =ir to flow from one side of the kiln to the other,
then down on one side of the lumber, through the lumbter
and return on the other side of the fan deck where it
will be reheated by the steam coils, and then back to the
fans. “hen the direction of the fans is changed, number
one and number four fsans force the sir out through the
end baffled sections. Lumber two and number three fans
oppose eanch other =nd drive the air from the center baffled
section. The air passes from the fans over the heating
coils, then down the side of the kiln, and through the
lumber. It then returns up the opposide side of tne kiln

and tnek to the fonsg vhere it is re-circulated,

Yotor and Switchesas The motor should be s 220 volt,

3 phase, 60 cycle, and must develop five horse power., an
ordinary first grade motor may be used as it is located

outside of the kiln., It should be eguipped with a V belt
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drive with pulleys to give a fan speed of 1,750 R, . L.
This motor is o be locsted below the pulley on the drive
shaft of the fans and the btelt should be gsuarded.

The switch should be a fully auvtomatic time
la; doukle throw reversing switch controliled by the ree
corder-controller clocke This switch should have an zuto-
natic cutout for overload and underload voltuge cunditions,
:» manual control switeh should be provided in (he line -
head of the sutomatic switenh go that the current may te

cul off in case work is to ve done on the molor or fans.

Ventilating Bcuipment. The kiln should ke eounip-

ped with an automatic ventilnting system, This system
will oper-te from the wet-bulb arm of the recorder-con-
troller. hen the relative humidity beecomes too great

in the kiln, the vents will open, allowing the escape of
hot moist zir and the entrance of cool moist air., This
regulates the relative humidity ang the temperature, If
the dry-bulb temperture is too great, the supply of heat

will be reduceds

decorder-Controller, 4The proposed recorder-cone

troller for the dry-kiln to be instailed at the Cklahoma
Ae &+ 4 College will be of u type thal conlains two ther-
mogtate and a recorder, ¢(ne thermostat will operate fronm
the dry-bulb ars of the recorder snd will regulate the

temperature of the controlling dry-bulb., The other will
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be attnached to the recording arm of the wet-tulb and will
regulate the damper system and the humidity injeclion syse
tem,

There will be one wet~bulb located near the
center of one wall., It will be placed midway between the
ceiling and the floor, snd also midway from one end Lo the
other. 7This bulb will te provided with & wick sucplied
with water from a lu:: attached Lo an outside supply of
water, <The recording pen arm will control the =ir operated
valve to the damper system so that it will open when the
numidity ia too grest. it will p2lso control the valve to
the steam injection system Lo add moisture when the humidity
is too low,.

There will be two dry-bulbs sttached to the
recorder, (ne will be locntled just sbove Lhe wel-bulb,
and the other one on the opposite wall of the kiln. 2ihe
bulk on the entering side of the air chamber will nlwoays
be the controllinge bulb due to the droo in Lemperature
as Lhe air passes through the lunber. By having two drye
tulbs, the tempersture will be kept wore uniform when the

ans are reversed. The recording . en arm will control the
air valve to the sleaw line and regulste the epmount of heat
in the kiln.

The pens on the recorder aims will record the
conditions within the kiln on a chart operated by a seven-

day clock. This chart will be a diary of iLhe conditions,
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of the kiln from hour to hour and from day Lo daye “When
it is necessary to leave the charge of lumter in the kiln
longer than one week, the second chart can be pluced on

the recorder Lo continue the record,

Humidifier. A good drying schedule recuires that

the humidity conditions of the kiln be under constant con-
trol, 7This is done by the diaphragm-motor valve connected
to the stenm spray line. This line should ke installed
the full length of the kiln znud supplied with steam spray
nozzles, The steam spray line should operate at 2 lower
pressure than the heater line, 4is the humidity becomes
low in the kiln, the recorder arm on the wet-bulb will
cause the valve to open and steam will be injected into
the circulating =zir causing the humidity to incresse,

“hen lhe proper conditions are met, the ateam valve will

be closed by the recorder-controller,

Lights and “iringe The lights vwiill be vapor-proof

and protected by galvanized wire caging. There will be
two 150 watt bulbs on ench side of the kilne The wiring
will also be vapor-proofed with a metal covering 2nd cone
nected to a switch loecsted on the outside of the kiln next

to the doore.

Trucks. The trucks used for stacking aud moving

the lumber will te made of two six foot lengths of four

inch channel-iron fastened together with two high-carton
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steel axles, n theee pxles, will be eight inch forged
steel wheels with three-fourths inch flangee on ezch side.
The wheels will be ecuipped with roller tearings, Four
of these nssemblies will be used for holiing one kiln
charge. The cross-members between the trucks will be

four inch I-beams., Ikight trucks will be provided so that

iwo churges of lumber can be piled at one time.

Testing Squipment, It is necessary to provide

good testing ecuipment for » dry-kiln in order to kiow
hovw to operate ite It is impossible to know liow Lo rege
ulate the kiln without xnowing the progress thsat is heing
made in drying, The best of ecuipment is the least ex-

pengive 1f the percentespge of degrande ¢z2n be reduced.

¥oigture Meter, An electric moisture meter should be

provided to check quickly the moisture content of the lunme-
ber poing into the kiln, It is necessary to know the pere
centage of moisture in order to select the proper drying
schedule., 4 sampling can le made of a larpge number of
boards in a short time, This instrument is not accurate
enough to govern the drying conditions throushout the en-
tire time, but it can be used to help in selecting the drye

ing schedule.

Drying Ovene A good electric oven should be proe

vided for testing the moisture content of kiln samples,

This oven should have » thermostat contrsl to maintasin a
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uniform heat, and it should be well insulnted., The range
of heat should be up to 220 degrees ¥Fahrenheit, This oven
will ke used Lo expel the moisture from the samples. ‘‘hen
all water is evaporated, the samples will maintain a con-

stant weight, This is referred to as the oven-dry-weight,.

scaless Two sets of scales or balances should be
available for weighing somples., Une small set of balance
scales should be provided that weighs up to 1,000 grams,
and should be graduated in one-hundredth grams., This is
ugsed for weighing the small sections to be tested., The
other cet of scales should welgh up to fifty pounds and
be graduated in one<hundredth pounds., This is used to
weigh the sample boards, The reason for using grams and

one-hundredth pounds is to make calculations mere simple.

Band Sawe A band saw should be provided for sawe
ing samples., It is used to cut sample boards and nlso
small samples. This saw should have sufficient set to
saw the lumber without creating heat which vwould dry the
sample encugh Lo give an inaccurste weight reading. It
is 2ls0 used Lo cut stress sections for testing for case=-
hardening nnd reverse-casehardening. 0Jhell and core same

ples should also be cut on a tand sawe.

Therrmometer. A standard thermometer shioculd be ae-

vailable to test the accurscy of the recorder-controller

thermometers., This test should be made periodically so
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that a correction cin be made in the centrolling instru-

ment in case 114 it is not mccurate.

rnemometer, 4n anemometer should te used to test
the air flow velocity in varisus parte of the kiln., The
riyr flow through the kiln charge should te the amme in
all parte of the kiln, This test can te made by holding
the instrument at various places in the kiln and tnking
the resdings. Poor circu]ftion may result from poor sinCke

ing, poor baffles, or s short-circuiting of the air flowe.

SSTIMATED CGST OF TE: DRY=XILN
The proposed drye-kiln for the Cklahoma A. & M.
Cellege would not be of the most expensive or the least
expensive types, The plnu-is to provide as much as posse
ible for the amount of money invested., It is necessary
to provide modern equipment if pood drying is expected.
Te-cehiing sho..1d te done with the most efficient ecuipment

ag n te ching ﬁid.

Puilding. The building will te construclied under
the supervision of the Building Supervision bepartment of
the College. Flans snd specifications have heen provided
for this addition, The cost of the building and the load-
ing area will be in the neighborhood of 5,000, The buila=-

ing is designed to accommod te one of seversl skes of

equipment,
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#quipment, The cost of the ecuipment should total
about 52,500, This would include all of the ecuipment dese
cerited in this Chapter. Makes or brands of ecuipment have
not been specified in tlis recommendation, becsuse there
are severnl satisfectory manufacturers of thiis type kiln.
The building plans have been inspected by severzl large
corpanies and are satigfactory for such installations,

The ecuipuent should be installed and tested under Lhe

dircetion of & dry-kilnm engineer,



CHAPTER VIX

GPERATING A4 FOMCED AIR CCMPARTMENT TYPE DRY-RK1LN

This chapter will be coufined to the operatioan of
the racommended dry-xiln to be constructed at the Ciklanona
A. & ¥, College, The plan for operatiing tliis kila would
he very similar to the oparation of any other except for

the size of the bullding and lhc amount of lumber Lluaatl

could be dried at one time.

THE BUIIDING
The building has been described previously in de-
tail in Chapter VI, The building as recommended is in
keeping with the general architectur:l ,lan of the Induse
irial Arts Buildinge. The present building will provide one
of the walls which will reduce the cost of construction,

The locaticn is easily accessible to the Cabinel Ghope

Iype of Construection. 7The proposed dry-xiln will

be of brick and reinforced concrete construction, .11
footings, foundations, and building specifications have
been made by a local architect who has a knowledge of the
local éonditione to be considered, These builiing specifie-
cations have been anproved by seversl large dry-kiln equip=

rent manufacturing companies,

Type of Drying HTguipment. The drying eqguipment like-

vwise hus veen described in Chapter Vi. T1his equipnent will

operate with 2 minimuwn of heat and power and will give come
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plete snd rapld circulation of the wnir within the Xiln,
It will Le under automatic control vwhich will elimin:te
inproper cenditions that wmould be caused by nanually ope=
rated ecuiprent. Errors will cccur only in choosing the

L 4

wrengs drving schedule or n setling the lustruments ine

properly.

Tumber to be Dried., Iumber c¢sn be gecured in Uklae

hema Lo Xeep the kiln in eonstant oper:ifon. This lumber
can be supplied from aaw mills near Stillwater, Thne plan
is teo charge = toll for drying this lumber. The mill can
nrovide one truck load, and at the time it is dried another
load can te exchanged for the dried one, Thigs service will
Le of greal advantage te the college, und alego tc the proe-

Qucer.

THE HIXH CHARGE
The load of lumber that would be aceormodatled by the
dry-kiln wculid be an averege trucik load of about 5,700 or
6,000 board feet, 1t would be pomsible to Lave one truck
loazd oX lumber cn the loading area while another one was in

the kiln.

¥ind of lumber. The lumber to te dried should bhe all

of one species snd one thicknesse., It shounld all contain
akout the same nercentapge of moisture. It is not possible
to choose a sehedule for drying lumber which does not close-
ly resemble these conditions. Jpecies of lumber should not

be mixed in & dry-kilne. The proposed unit will dry any
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charge of lumber if other conditions are met,

Condition of lLumber. The lumber should be saved

to a uniform thickness., The width of the btoards is ime-

naterial, It is much easier to handle if it is cut the same
length. The lumber many be cut green from the log or may be
air dried orovided that it is not mixed. Ihe lumber should

be staciked properly to prevent warpage.

iiling of the Charge. ‘Yhe charge of lumber should

te carefully piled on the kiln irucks, 7This can be done
by placing Tour inch besms across the chanmels on twoe foot
centers, The lumber chould be stacked so that there is one
sunport =t esch end of the pile, The boards should be pla-
ced edpe to edpe across the truck with the ends straighte
ctickers made of hardwood one inch by one and one-half inch
should be placed direclly over the cross«beams with the end
stickers at the end of the toards, Another layer of lumber
is piled on these stickers the ssme as the flrst layer,
This will leave n one inch alr space between the lavers of
woode Thig is continued until the lumber is sll stuckeds
it is important to keep the cstickers directly above cach
other, Lo reduce warpagee

spaces should be provided in the lumber charge
for sample boards. HFigure & illustrates proper piling and
spacing for kiln samples., These spaces should be on each
gide of the lumber charge with one nenr each end aud one

ne-r the center, 7The spaces can be provided by culting
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some of the Loards into short lengths so that the spaces can
be left for the sample boards. These sample boards should
have stickers under them to provide proper air circulation
about themes 4All kiln samples should be end-coated as soon
as they are cut to reduce rapid end drying.

A epecial rack may be used to assist in keeping
the lumber in aligmment while piling it on the trucks. Spa-
cer blocks may be used to arrange the stickers so that they
will be directly above each other. luch time can be saved
by using these devises,

The charge of lumber is placed in the kiln and
a baffle is placed =2t each end, one from the top of the lume
ber to the fan deck, running the full length of the kiln,
and one from the btottom of the kiln load to the floor,

These baffles will cause all of the zir that is circulsted

by the Tans 1o pass through the charge of lumber, If baffles
were not used the sir would follow the path of least resist-
ance, and the nost of it would pass around the lumber at the

top and hottom and at the ends.

PRYING SCHEDULL TO BE FOLLOWED
The species of lumber ond the amount of moisture
that it contzins, together with the thickness of the boards
will determine the drying schedule to be selected, 4 nume
ber of kiln drying schedules have been published in the
United Stntes Forest Products laboratory, Bulletin lio. 175.
Table 1lII of this report is a dupliestion of schedules five

through eight. Several of thece genersl hardwood schedules
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will be given to indicate the drying conditions to be maine-
tained in the kiln during the drying periode.

Black walnut will be selected as a material to
dry and should be dried on schedule number {ive as indicated
in the Technical lotes, Bulletin lumber 175, This schedule
is chosen by taking moisture sample of the kiln charge. This
should be done by oven-drying because the mbistuxe content
is too high to get relialle readings from an electric mois=-
ture meter, This schedule is based on material that is one

inch thick which contains forty-five percent moisture.
TABLE 111

General Hardwood SGchedules

Ztock
0 iBe Schedule 5 Schedule 6 Schedule 7 Schedule 8
ture

CON=- D [ _'f?. R - i ® W. R.. Do 1:'?‘. R - D - ;1 - R.
tent Bs B. He RNe By B Be Be ila Be Dbe Ha
MY TR (T T SRS TN PO T A . .

45 120 113 80 115 108 80 110 105 85 105 101 85
40 125 116 756 120 111 75 115 108 80 110 104 80
30 13C 119 70 125 114 70 120 111 756 115 107 75
25 135 121 65 130 116 65 126 112 65 120 109 70
20 140 120 55 135 116 55 130 112 5% 125 110 60
15 145 119 45 140 115 45 135 110 45 130 109 50
10

to 150 112 30 145 108 30 140 109 35 135 107 4¢

Final

Ds Be Te = Dry-bulb Temperature
We Ba T4 = Wet-bulb Temperature
R, He % « Relative Humidity Percentage

Preliminary Drying reriods The preliminary drying

period of ab . ut three days bring the toards akove the averw

age moisture content down to near the svernge so that the
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reaction will be similar on all pieces of lumber in the
kiln charge., There will be very little drying of the drier

samples.

¥ain Drying Conditions. The next step in drying will
be to set the readings on the recorder-controller to the
succeeding step that is indicated on the drying chart, and
then change as the samples dry to the moisture content list-
ed, This drying period may take a week or more depending
on the amount of air circulation. The kiln samples should
be veighed each day, and their moisture content recorded,
This meisture content will determine the time to change the
recorder-controller, Iumber should be dried mas rapidly as

poesible without causing surface checkinge.

Humidifying and Sterilizatione 7The problem of maine

taining the proper =mount of humidity in the kiln is solved
by the use of the recorder-controller which opens the vents
when the amount of humidity is too great, and opens the steam
spray line when the amount of humidity is deficient, A ster-
iliz-tion treatnent may be necessary in a dry-kiln if stain,
mold or decay are developing in the lumber, In the selected
schedule, it could occur only in the preliminery schedule be-
cause these conditions caunot exist when the temperature is
above 120 degrees Fahrenheit, 7o kill the growths, the tem-
perature should be raised to 125 degrees ¥ahrenheit at 100
percent relative humidity for a2 period of one hour for each

one inch thickness of the lumber. The regular schedule should
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be meointained after the sterilization has token place, The
sterilization treatment should be used at any time it is

needed when drying a charge of lumber,

Final Dryvinge 7The final drying period is maintai ned

to try to get all of the samples as nearly as possible to
the desired moisture content, 7The driest sample in the kiln
should be dried to a moisture content of one percent below
the moisture content of the lowest value of the Tinal range.
These conditions should be maintained until the conditioning
treatment is started, The amount of time recuired for this
stage of drying may vary from three to ten days, depending

upon the species and thickness of the lumber,

Conditioning Treatment. The purpose of the condi-

tioning treatment is to ecualize the moisture content of
the boards. The relative humidity will be increased to
add some moisture to the outer layers of the lumber. The
core of the lumber will continue to lose moisture as the
shell increases in moisture content., This will e qualize
the stresses that occur in the lumber while it is being
dried, Casehardening and reverse caschardening is relieved
by this treatment, The conditioning treatment can be pere
formed only in the compartment type dry-kilns where the cone
ditions can be controlled,

Samples may be cut from the sample boards in the
kiln charge to determine the time to remove the lumber., Two

teats should be made to determine these conditions., The



shell snd core test will give tre pcrcentzages of moisture

nesr the surisce of tne heards and at the center, The test
for caseharlening anae reverss cncchardening 1s made by cute
ting the ounplies to incicate the tcusion on the prongse If
the lumber is caschardened, the prongs will close al the ends,
and if it is reverse casehardened, the pronge will spread
apurt at the ends. %She lumber mucst be free from these stresse
es if it is 1o be resawed., Figurc 2 im Chapter II illustrates

the tests thaut are made for these conditions,

LECGHDE uF PROWLLES
4 complele set ¢of records should e kert on each
charge of lumber thet is being dricd, There should be no
guess Work in drying lumber. 7The chance of error is too
great to risk the damage thsat will occur in the liumber,
frepared charts are availatle to the operztor of the dry-

kiln for recording all of the conditions.

Preliminsry MNoistlure Conditions. Enough sanples

should be tested while the lumber is being viled to wmake a
relinble estimate of the moisture eontent, R“ach sample should
ve tested 'ith a moisture meter if the percentsge of woisture
is below thirty percent. The oven-dry method of tcating
should be used if the mcisture content is above thirty per-
cent, The lumier cun Le severely damaged in the initial drye
ing period if the improper drying schedule is used. osurface
checks will occur if the drying is too rapid or if the relae

tive humiditly is tco lowe
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Daily Readings., Final results c¢an be more easily

calculated when the readings and sampling procedures are
eompleted at the same t ime each day. The recorder-coniroll-
er chart will indicate the conditions inside of the kiln,
This will give the readings of the wet-bulb temperature,

the dry-bulb temperature, and the relative humidity. The
sample boards should be end«conted and carefully weighed
when they are placed in the kiln, and each day thereafter,
These weights should be recorded on a chart, and the moisture
content should be calculated., The calculstions will be used
as a tasis for changing the drying conditions during the
drying process,

Wwhen the average moisture content of the samples
is one percent below the desired final moisture content the
conditioning treatment should be started, The recorder«cone
troller should then be set so that the equilibruim-moisture-
content is one percent sabove thé desired final moisture cone

tent.

Final Readings, The final readings of the kiln charge
should include the moisture content of the sample boards,
the moisture content of the core and the shell of the sample
sections, These readings on all samples should be within a
range of about two percent, if the charge is properly dried,

Allof these readings are recorded on the chart,

Operations Record. 4 sample of the reeords that
should be kept on a charge of lumber that is being dried
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in a dry~kiln will be listed., These records were made by
the writer of actual drying conditicns in a dry-kiln at the
Us 8o Forest Products Laboratorye 7The charge of lumber was
one ineh yellow bireh with an initial moisture content of
34,7%« The drying schedule was tasken from Technical lote
Ho, 175, but was not followed in all respects even though

the final desired results were obtained,

Record No, 1. This record is kept from day to day

and shows the actual conditions within the dry-kiin. The
readings of the wet-bulb and dry-bulb temperastures are obe
tained from the recorder-controller chart. The other cal-
culations are made from these figures, It has been found
to be more convenient to make the calculations if the ine

strumente are read at the same time each day.

Record Noe 2. This record is a daily reading of

the new weight of the kiln sample. This weight is used in
calculsting the moisture content. Conditions of the dry-

kiln are changed to conform to the selected schedule

using the moisture content as the basis for the necegsary

revisions.

Record lios 3. This record merely indicates the

moisture distribution of the kiln sample when the drying
has been completed, There should be a very slight differ-
ence between the moisture content of the shell and the core
of the sample, The method of cutting this moisture distri-

bution sample is shown in Figure 2, page 27, of this report,
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TABLE IV

Une _Inch Yellow Birch
(Technical liote No. 175)

Voisture content at :ﬁicﬁ Dry-ﬁulb Wet-bulbk Relative

changes should be made __Temp, Temp. Humidity
% Percent Degrees ¥, Deg§eea Fo Percent

40 or more 140 &0

30 to 40 145 1356 75

25 to 30 150 137 70

20 to 25 1586 136 60

15 to 20 160 135 50

10 to 15 . 165 127 356

10 to final 170 116 20

RECORD KO, 1

Record of Kkiln Conditions

Species, Yellow Birch Started 9-16-48 ¥inished 9-28-48
Mye Wete Wet=
Date Hour bulb bulb bulb Re He K. . Co
P Yo depres.
e °F, OFe rercent Percent
9-16 2 140 132 8 80 13,0
9=20 2 142 134 8 80 13.0
9-20 2 160 135 25 50 6«8 Conds Ch,
9-21 2 160 136 24 52 7.0
9«21 2 165 127 38 34 4.6 Cond. Ch,
.22 2 165 126 39 33 4.4
9=23 2 165 127 38 35 4.6
9-23 2 170 135 35 39 5.0 Cond. Ch.
9«24 2 170 1356 35 39 5.0
9-25 2 170 135 35 39 5.0
9-27 2 170 135 35 39 5.0
9«27 2 170 154 16 67 9,0 Cond. Ch,
=08 2 24 hours conditiaoing at 9% B, M. Ce




RECORD 0, 2

Record of Kiln Sample
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Species, Yellow Birch

Started 9-16-48 Finished O-20-48

Date 9-16 9«20 921
}‘:Our L ] P.g. 2 2 2
T« Hours 0 96 120

weight 3351 2890 2774
e 34.7 1642 11.5

9-22
2
144

9«24 9=20 9«27 028

Q=23
2. 92
168 # 192

2
216

2 2
268 292

2692 2652 i 2144 2135 2121 2141

8.2

6.8 # 75

6e4

5.7 6a7

# Intermediate section was

cut which gave a new weight.,

RECORD HC. 3

¥oisture and Stress Record After Conditioning

Shell Core iverage
Wte Oe De Mo, Co Wte O, De Ha Co Wite 0Ue De Mo Co
Gre. Wte % Grs, ¥te % Gre. Vite A
Grse PR .« e Grs -
.10 4,00 7.5 50,23 38,89 U,  TS.21 60,46 1.0

Coneclusions, All records that are made on a charge

of lumber should be evaluated nnd filed for future reference.

“hen loads of lumber having similar condiitions are dried, the

records may be used as a guide to more efficient operation,

The time spent on keeping complete records is well worth

the effort. All recorder-controller dises should be labeled

and filed for future comparisons.
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The use of these records may mean a saving of one or more
days time in drying a charge of lumber which in turn reduces
the drying costs.

Lumber can he dried to complete satisfaction if
the above outline is followed, These directions will apply
to the operation of any Forced-air Compartment Type Dry-xiln,
The size of the kiln, and the kind of equipment will of course
alter some of the conmditions, but an experienced operator
will be able to meet the demands. The larger kilns will re-
quire more time for checking and maintaining proper conditions

than the smaller oness
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AveBRDIX 1

The following i s a list of Technical Hotes and
Reports that have bteen prepared srnd putlished by the
Ue Se Forest Products laloratory. These puklications have
been studied in the preparation of this report, z2nd should
Le acceassible to all dry-kiln engineers., Uther Looks
used in the prepsration of this report are listed in

the foregoing bibliographye.

Technical liotes

B-11 Fethod of determining the moisture content in
w0O0d e

Db Correct moisture content of lumber.

¥=13 loisture content of wood at different humidities.

124 Yaterials used in dry-kiln construction,

148 Care and use of the hygrometer in kiln drying.

156 Humidity table for wet and dry btulb hygroneter,

175 Hardwood snd softwood drying schedule.

180 Comparative strength of air-dried and kilne
dried wood,

186 Coatings that prevent end checks.

208 Reversible circul-tion internal fan kilns.

213 Detection and relief of casehardening.

218 ‘eights of various woods grovin in the United
otntes.

233 Approximate uir seasoning snd kiln drying periods

for inch lumber,
234 Longitudinal shrinkage of woode

241 Ghrinkage tatle for softwood lumber,
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Technical Notes (Cont'd)

252 Fitere-saturation point of woodes

United States Forest Products Laboratory
Processed Reports

R8B59 "The Fibere-Saturation :roint of Wood as Obtained
from Electrical Conductivity ¥easurements",
by he Je ﬁtam!ﬂ. 1929,

R958 "Dimension Changes in ¥illwork Due to Varying
Atmospheric Conditions®, by J. 4. Hathewson,
#o0d Working Industry, June, 1930,

R958 *Proper Care of liillwork", The Constructor,
lovember, 1930,

R1023 *An Electrical Conductivity liethod for Detere
mining the YNoisture Content of Wood®, by =
Ae Ju Stamm, Industrial and Engineering
Chemistry, July, 15, 1930.

R1093 "Ilongitudinal Shrinkage of Wood", by Arthur
¥oehler, American Gociety of Mechanical
Eng ineers, Transactions, Wood Industries,
April, 1931,

R1140 “Controlling ¥eoisture Changes in Lumber in Closed
Storage Sheds®, by J. S« lathewson, Iimberman,
February, 1937.

R1140 "automatically Contrelling Lumber Storage Cone
dition#, Canada Woodworker & Furniture ¥anu-
facturer, March, 1937,

R1174 "Seasoning of Beech Lumber and Dimension Stock®,
by R. C. Rietz, 1938,

R1205 *Ventilation in a Dry-kiln", by W. K. Lough-

borough, South. Lbrman,, Oct, 15, 19403
#ood Products, Dec. Igglz iood working Indug.,
July 1931.

R1242 *Seasoning Dimension Stock®, by U. We Torgeson,
Wood working Indus,, June 19323 Furn., Index,
Cet. 1932,

R1263 "Techniques of Developing a Drying FProcess for
Small Stock®, by 0. W, Torgesocn, 1940,
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R1267 “Uniformity of Alr Distritbution in a Lumberx
ry-Xiln®*, by 0. W. Torgeson, =wouth, lbrman,
spril 15, 1940.

R1269 *hy the Orying Time of a :{iln load of lumber
is Affected by Alr Velocity®, by C. e Torgeson,
1941,

1433 *%iln Lchedules for Blucx ualnut Gunatock Blanks%,

by He He Smith znd ¢, Vi, Torgeson, 1943,

111448 niffect of Yoisture Changes on the Lhrinking,
Swelling, Specific Gravity, Alr Space, .eight,
Gimilar Properties of Vood] by J. Do Maclean,

1944,

1474 "Furnace-type lLumber Dry-iiln®, by U. «. Torgeson,
1945,

R1474«A "Turnace-type Iumber Dry-¥iln®, Supplement to

R1474, ®"Operation of sn HSxperimental Unit",
by e H. Smith, 1945,

11478 "cteam Reuirements in Jumber Dry-iilus®, by
le V, Teesdale, 1936.
R1602 "A Woodeelement Hygrostat’ by 4. J. Johuson and
Re 607 “Use of ¥iln Hamples in COperating a lLumber Ury-
Kiln", by He H. Omith, 1946,
11642 "How “ood Dries®, by ve. Jo. Baker, Bebruasry 1947,
K1l644 “¥iln Tune-ups to Correct Nonuniform Kiln-Drying

Conditions*, by ¥, ¥. Rasmussen, ¥arch, 1947,

11645 *Analysis of irobleums Helaling to Uniformity of -
¥iln Control*®, by #Z. ¥, Rasmussen, Varch 1947,

111646 *Oryexiln Building #aterizls and Construction®,
by Le Vo Toesdunle, Larch 1947,

11647 *uconomical and kfficient Kiln Uperation®, by
Ye %e Ioughborough, April 1947,

111648 "Some Wood-moislure Relations™, by L. D. Espenas,
tpril 1047,

R1€49 #iethods of Jetermining the oisture Content of
Wood", by J., Ve NeHilllen, April 1947,
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1602

R16583

r1654

R1659

R1660

R1661

R1663

11664

11669

‘R1673

R1678

11689

1702

12¢€3

1569

99

*Shrinkage of VYood", by . Ce i'eCk, Lay 1947,

"Drying Ltresses in Lumber Senscning®, by .. Je
Brnker, July 1947,

"sffect of Jiling Methods on iir Circulsztion in
a Jlumber Dry-iiln®, by Us. 7. Torgeson, .uly 1947,

*Temperature Messuring and Ceontrolling Devices
in Lumber Dry-Kilns*®, by r. i. Ximball, &ept,
1947,

sonstruction and lse of CGraphs in <iln Drying
Tumber®, bty ¥, ZT. ¥imball, Auvgust 1947,

";lectrical Yoisture Meters fer %ood®, by E. Re
Rell and V. iie Nunlap, liovember 147, GSupere
sedes Report R1146 of the same title,

*Types of Lumber Dry-Kilns®, by L. F. Hasmussen,
varch 1947.

"Types of Steam-Hesting Systems, Flow of Steanm,
Cause and Effect of Alr and Vater Binding,
Importance of Sleam Traps, Steam Uressure,
and Heat Transfer in ILumber Dryei'ilns®, by
e Fe Rasmmussen, ¥arch 1947,

“Steam Traps®, by . &, Eimball, January 1947,

"Heed for Uniformity of Temper-ture in a Dry-4dlin®,
by We e Loughborough, Hay 1947,

"Stecaming Black vwalaut Lumber to Darken the
Ssapwood®, April 1947,

*Circulation of 4ir in & Lumber Dry-xXiln®, by

(e We Torgescn, July 1947,

“tethod for Contrciling the ioisture Content of
wood Going into Furniture iroduction”, by
Re Co Rietz, September 1947,

*iln Drying of white Bireh Turning Squares®,
by He H, Gmith, December 1947,

*Shrinkage of %pod®, 1941,

"Tiln."rying Lifectg", 1941,



APPEEDIX IX

FIRMS IN THE UNITED STATHEEC THAT MARUFACTUKE AND
DISTRIBUTE TRY-XIIX ECUIPMERT

Drying Systems, Inc,
1800 Foster aivenue
Chicago 40, Illinois

Grand Rapids Vepor Kiln, Inc,

Grand Rapids, ¥ichigan

dmrie Dry Kiln Coe
Grand Rapids, i ich,

Industrial iir Co.
20 Chestnut Gt.
Heedhnm, Vassachugetis

B. F. Sturdevant Co.
Iiyde Park
Roston, ¥ass.

lierbert Fryer
Carnation, washington

¥iln Supply & ¥fg. Co.
5825 Cak Avenue
Indianapolis 1, Ind.

Perfection Dry-Kiln Co.

121 west 4th itreet
Jamestown, lew York

U Ya Lovated & CO.,
2214 First Avenue 30.
weattle 4, sashington

Ury »iln boor Carrier Co,

Indianapolis, indiana

Rolert . Hepser
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Dry ailn Engineer & Consultant

P, Ui Box 91
Little Kock, arkansas

standard Dry XKiln Co.
76&€ South Harding Gte
Indianapolie, Ind.

Hiram 1. Henderson
119 Stoneridge Drive
J¥yracuse, liew York

Voore Dry Filn Coe
Jacksonville, florida
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The liational Engineering Co. The Uew York State College
Py, O Box 1475 of Forestry

Indianapolis 6, Ind, syracuse University
vyracuse, wew York

RHedman hngineering Lservice Taylor Instrument Co,
High roint, k. C, Ye Ug Box 110
Hoehester 1, hew York



Typist: willnetta Horner



