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FOREWORD.

This monograph is one of a series oontributi~ bY, the Forest Produots Laboratory, which
is maintained at Madison, Wis., by the Forest Ssmioe, Unitad States Department of A@OI&
ture, in cooperation with the University of IVkoonsb.

—.

The investigations described have been oarri~. OUttiti the ad of funds provided by the
‘i?ar and Na~ Departments, and the res~k hx~e been wed by these departments in con-
nection with specii%atione for the kiln drying of _@@ane material.

The author desires to make aclmowleda~en_@_~. H. D. Tbmann, specialist in Mn drying,
.+. .

and to Mr. J. A. Newlin, in charge section of @be! mechtimj whose extensive investigations
of kiln drying and the stre@h of tfiber have ~~ basic k platig the tests and analyzing
the data described and presented. Messrs. L. A. Welo, C. A. Plaskett, R. P. A. Johnson, and

—

H. J. Rosenthal aided in preparation of mattiq superktendsnos of teats and tabulations
and analysis of data and thti persevering, p$@ta@, and loyal efforts are acknowledged.

It is also desired to acknowledge mopera!o!.of n~erous luber associations and cnm-
panies in furnishing material for test.
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REPORT NO. 6$.
THE EFFECT OF KILN DRYCNG ON THE SmENGTH OF MWLW WOOD$.

By the ForeetProductsI.abomtmy.

SuM.M-4RYOF GENERALcONf3MEIONS.

The geheral conclusions stated bdow are the outcome of a series of tests which included 26
species, approximately 100 kiln runs, and ovm 100,000 mechanical tests. The series was un-
dertaken in cooperation with the War ud Nati DepartmWts, and in continuance of earliti
invmtigations on the basis of which the Forest products Laboratory had drafted, for the War
Department, Signal Corps Specification 20500, Gmeral Kiln-drying Process for Air@me S@ck.’

This specification wss based on the rasul~ of tests of Sitka spruce and .wl$te.ash material
representing three preliminary kiln rum at the laboratory, and on the general lmowledge of
kiln drying and the propartim of wood which *Q reseamh= of the laboratory b edier years
had developed. The mate@ for the ti~ t~t? had be~ ammged for before t&eUnited Sti&s
entered the war, as it WM mttipated that ~~ drykg of ahpkme stock wo@d become
necessary; md the preliminary runs anwdated the adoption by the Government of its aircraft
program, Signal Carps Specification 20500 was tibmitted to the W~ Department in July, 1917.
‘i’lhile its adoption w. an eqmqymcy meas~e Wm believed entirely justi~, additional t&ts
of its safety for spruce and ash and of iti applic_ab_fi@to mg.ny other species were considered
essential. It was desirable ho to =cert~ tie “po~b~ti Of using more rapid processes.
The prexmt monograph pramts r~ulfi of the t~ts made for ~~e PWOS~.

The geueral conclusions reached axe:
1. That wood may have its strmgth propa&% particuhwly toughness or resistance to

shock, quite seriously damaged without any vi@@ evidence of such damage. Hence, appear-

ante of the material can not, where m~fium str~g~ is ess~ti~~ be acceptad as the sole
basis of judgment of the eflect of a drying procws on wood.

2. That the tied of a given proca= is not t& s.we on W speci~ of wood.
3. That apparently a ghu pmc* may ~e=tirdy s~e for some but quite detrimental

to other material of a specim.
4. That propar kiln drying pmducm matti~ ffly M@ ~ ~ strength properties to thit

m.w.dtingfrom air drying under the most favorable=conditions.
5. That specification z050~A of tie B~eaU_Oj ficr~t fioductiofi (Table 1 or 2 M sps-

ctied) can in most cases be ewwt~ ~ produc~ w~ttial f@y M@ to airdried.
6. That beet resulti (tith r~pect to S~C@ propertim) On DOWlaS fir will result from

the use of somewhat milder drying conditionsjbm those laid down in Specification 20500-A
(Table 1). Table 2 of this specification (tempera~~ 105° F. initial to 135° F. final and relative
humidities 85 per cent fiti~ to 40 pm ~~t fia!) &re~mm~d~ for drying Doi@as fir.

7. That in some sp~i~ th~e is apparm~? nO r~ation b@we~ dr@g temperatures
Up h 180° F. and the strength propertim of;% @ mami~. Such a conclusion, however,
needs further cnnilrmation~~d t=perat~ @be? th~ those of SpWification 20500-A have
not bem recommended.

This work has be~ done ~der the nece=@ ? gettb r=~~ W+qtitiy as possible and
with the primary object of Chwb we Sfiet Ofthe general =- Spmfications when

&applied to the drying of airplane lumber on a= mmercial scale, together with the more or less

incident.d object of ascmtti if c?nditiofi, a!ap~d ~ more rapid - could be umd.
Under these circwt~~ it h- not be~ posslb~e!? ~v=tiga~ tie subj~t ~ the fundamental

a
1Now with soressl@ht modlbtion S@ tfodk%A of the Bureau of AirCrsft ROdll&hl.
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way which it merits. Completion of the work already begun is contemplated and it is hoped
to be able later to carry out experiments to determine fhe effect of the various factora involve&
both separately and in combination, and ta ascertain the maximum temperature and minimum
humidity that can be safely applied at any stage of the drying process. It is hoped also to carry
on comprehensive investigations of the closely related subject of the bending of wood, for the
purpose of determ~” the steaming or other processes best adapted ta successful bending
and to secure more accurate Imowledge of the eflect of such proc-sa on the stragth of the
wood.

NECESSITYFORKII/NDRYING.

Previous b the entrance of the United States”ido the war aircraft engineers had not
encouraged the use of other than air-seasoned wood, particularly for those parts requiring the
maximum strength, It had”not been believed that it was possible for material to be properly
prepared for such exacting seryice .h. anY other way than by air seasoning over a period of
sevaral months or even years, depending on the size of the stock and on the climatic conditions
at the point where the seasoning took place, TIMuse of kiln-dried material had been taboood
because it had not been demonstrated that optimum. results with respect to the strength prO-

pertiw could be secured through kiln drying. &me of the prejudice against kiln ,drying was
undoubtedly due to acquaintmce or experience with material which had been improperly kiln
dried and hence greatly damaged.

IJ’jj@the adoption by our Government of an aircraft production program of great magni-
tude itrwas easy to be seen that the.stick of airdried matarial of the species then accepted for
aircraft construction would be exhausted before even a fraction of the production phmned for
the first-year could be accomplished. Hence, the kiln”drying of material for airplane bocanm
imperative. The prime requisite was to fmd or develop methods of kiln drying which would
a9surematerial of mtium strength properties. The problem of cutting the period of drying
to the minimum was not sc important, as it was the opinion that a period of from one to two
months for the drying of such 8pecies asspruce would answer, if necessary.

PREVIOUSINVESTIGATIONS.

For some 12 years previous to this time the Forist Sertice had been carrying on inves-
tigations of the best types of kiln construction and methods of kiln operation to produco dry
stock of maximum quality. These investigations had resulted in the invention, patenting,
and dedication to public use of a new type of dry kiln in which excellent control of the important
factors of temperature, humidity, and circulation could be secured. However, “few of the
species of importarm-in airplane construction had been included in these kiln-drying invM.
tigations. Also, the effort had been largely directed toward preventing the great 10ssssfrom
checking, casehardening, hollow-horning, aid the like, which in many commercial drying
operations had been excessive; and consequently tests had not been made to determine
whether material having the maximum strength properti- was being secured. Howel,er,
about the time the kiln-dryiug studies were first,started a very carefully planned and executed
series of teats had been made to determine the tiect, on strength, of exposure for “various
periods of time to dry air and to steam, both at various temperatures and pr~ures. These
experiment * were on loblolIy pine, white ash, and red oak. Additional knowledge of he
effects of various temperatures had been gained from the resnhe of tests of material which
had ken subjected h various stips involved in the application of preservative treatment.

Foreseeing the necessity for knowledge of the effect of kiln-drying operations on the strength
of airplane woods, the .Forest Products Laboratory bdore the declm.ation of war arranged
to secure a quantity of partially airdry spruce and white aah. Strength tests made on matial
dried in three preliminary kiln runs with a range of temperatures and humidities, indicated
that spruce and ash could be successfully and safely kiln dried by using moderate tempera-
tures and fairly high rglative humidities, with careftd control of kiln conditions. That matefia~
might be seriously damaged in strength properties Wimout displaying visible signs of de~.

IA rdmmd of the ramlti was publtshedin the Immbar Wald R8vIBw, Apr. 1~ lf18.



oration was also indicated. This denoti that ptiection of appearance did not constitute
a safe criterion for the acceptance of materi~ for exacting uses such as aircraft construction,
and emphasized the need for stmdardization of drying practice and the specifying of limiting
conditions to be used.

ADoPTION OF SPECIFICATIONSAND BEGINNINGAND SCOPEOF PRESENTWORK.

With these @~ and the previo~ ~eri~ce of the hboratary in many lines as a basis,
Signal Carps Specification 20500 (now with ~me s%ht moMcation J3ureau of Aircraft Pro-
duction Specification 20500-A) was drawn up. The general problem of Idn drying airplane
stock, however, was by no means sohd. Although the teete which had been made were
suiliciently extensive to form, in the existig emwgency, a basis of. kiln-drying sptications,
it was very desirable to get a further check upon thti applicability through additional t+wts.
It was also dmirable to detifie if it would be possible h we conditio~ adapted to more
rapid drying. Moreover, there were a considerable number of speck -which were looked
upon as suitable substitutes for spruce, ash~and be ofiher woo~ which experience had already
shown to be adapted to aircraft construction. It was regarded as essential that safe methods
of drying these species be developed. ‘In addition to this, the laboratory was undertaking
tests of numerous feature of airphe co~truction ad it wes wcewry to have dry material
for use in these tests.

The work has now covered 26’ specie% ~~ approximatdy 100 kiln runs and with some
100,000 mechanical tests to determtie the effect of tie proca%w.s. It is the purpose of this
monograph to set forth in detail the methods ~~ ~ give in ccmsiderable fullness the data
secured and conclusions drain, ~d fi~ tO ma~ ava~ati Mormation for the guidance of
those engaged in aircraft co~mction ~d o~@’s who maybe titir~~d k kiln drying wood
in such a manner as to retain the maximum strength.

BASIS OF TESTS AND COMPARISONS.

Since kiln drying ivas to take the place of extended perio~ of air seasoning, it was but natu-
ral to adopt air drying as a b=is by which ~ judge t~ effect of kiln drying. It might seem to
one not well acquainted with the ph~omena re=~ed by @@ of strength properties of wood
that it would be feasible to fi dry 8 @v~ lot of ma~~, Bke t=k upon it, and compare
directly with the strength of air-dry matii~ of the same speciw, as determined by previous
tests. Such a method, it is true, might stice to de~ct ~Y severe damage or excessive defi-
ciency in strength propertiw brought about by the dryhg processes. In the present exPti-
ments, however, the aim was h fid m PmC@M such that the remdt.ingmaterial would be
at least equal in strength properties b the same mat=ti had it been carefully air seasoned.
The decision aa to whether this h= bem accomp~hed requira more exact comparisons than
can be obtained by the method given above. Also in such -work it is desirable h be able to
distinguish small diflsrences k the effmt of two or more Mwmt treatments in order ta dis-
cover the tendency of a change in the treatments.

The study of data derived from mme 130,000 t-~ on 129 different species of native WOOde

tested at the Forest Producti kbora~ry previom to tie beg~~g of this work has shown
something of the variability that may be expected. It has been found, for instance, that
even when as many M p~iw of tie facto~ contfiut~g to the vfition of timber are under
contiol, the average of materi~ from a ~ee s~cted at random WOIM be expected to MW
from a true average of the speci~ by from 7 ~ 15 pa c~tj dep~tig upon which of se-red
important strength propertim Wm co~id.~~. -e vmlahon of tidividual specimens is, of
course, much greata. Consequently, It M ess@tti ta make certain that the material sub-

jected to any treatmmt whw @ect is ~ be fo~d ~ m fim~~y me that with which it is
to be compared as possible. h other words, no ve~ close-estimate of the effect of kiln drying
upon the strength is possible from comparisons O! tie prop=ti~ of two lok of mattial, one
being kiln dried and the other air dried, ~d bottidected at random.

1Data and InkrmMon on b~ a @ Of~ LV@* m mWeble and ludnded heifdn.
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The problem presents two slternativea. &e is M divide the green stick of a given tree
or trees into two iota, one of which is tested after k&, c!rying and the other after air drying.
This involva a delay in the u@& until the air drying Mcomplete and the tests made, and was
deemed impracticable because of the demand for. immediati information.

‘IIM secQnd. alternative.b .@_rn@ke ~_co_mnarisoilwith the remdtqpre~oudy obtainwlkm-” ‘” ““-‘“
material of the same species and twted in both the green and the arr-dry conditions. On the
basis of this comparison a Conclwion maybe drawn as h whether kiln drying has produced as
favorable a change in properties as had been found, from the previous tests, to result from air
drying. This seccnd method is, of course, the best a~a~tad b securing quick r=ults. On the
other hand, it does not, for reasons which have been rnentiomd. aud which will be further di+
cussed later, justify as detite and certain conclusions aS the first.

The plan actually followed was a combination of.~he two .&qmatives,
The material for testing was brought to the laboratory in log form, and was there cut up

into three iota. The &at was tested green, the second after kiln drying, and the third after
thorough air seasoning. Methods of making this division are further discussed under” Prepara-
tion of Material.”

As soon as the tests on kiln-dried material were av@able they were analyzed and preliminary
conclusions drawn from a comparison with previously air-dried material of the same species,
This can be safely done only on the part of those who me experienced and familiar with strength
values and particularly familar with the variations that are likely to be met with in stuck of a
given species grown in different localities. If the kiln-dried materiaI proves to be greatly su-
perior or greatly inferior it is safe ti say positively that it would also have been superior or in-
ferior to stock of the same tree air dried. If, however, the differences tu~ out-to be small and—
less than the probable variation of an average of the strength property, definite conclusions are “”” - –
not possible. This analysis is, therefore, regarded as preliminary and final conclusions are with-
held untii air-dry material from the same trees.rdparts of trees has been tested. The com-
parisons then possible are known ta be free of some..Qf the factors enumerated below and the , ,. _=
rest can be adjusted for or cm be reduced in importimm by working with a large number of
tests. Where this has been done the Merence in strength properties between kiln-dried aud
air-dried stook and between stock dried under dfiereqt-kiln conditions can be stated, with con-
siderable xwuranq tObe due tO Meren@s.in ~ng..c~nditio~ O~Y.

.—
—.

VAFtIABLE9 AFFBCITNQ IUL9ULTS.

The factors which affect twt results and contribute to their variability maybe enumerated
a9 fOllows:

(1) Defects (knots, decay, shake-a,etc.).
(2) Density.
(3) Species.
(4) Moisture content and distribute.en. . .. . . . .
(5) Rate of testing.
(6) Temperature at time of test. ,--
(7) Position in tree.
(8) Tree characteristics (varying with locality of growth, soil, elevation, etc.).
(9) Unexplained variations (usually following the linveof probability).
These factors must be so handled that their ef?e@ ~ no! be..mistgke~.fg~the_effogt.of the “”

kiln-drying process. The effects of thesefactors are @@gatgdfro~ cornpa@gs k the following .,..., ..
manner:

i%llpieces having visible defects which it is evident would lessen their strength are dis-
carded at the outed. Inspection is also m~de after test, since some defects are likely not to be
revealed until the specimen has failed.

Regarding density and position in the tree, fairly general relations have been deduced from
the extensive investigations previously made. It- is a general @e that the strength properties
of wood of any species vary directly as some power of the density; that the density, and therefore
the strength, decrea=s with height from ground at growth (spmce sem to be an exmption to
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this); and that there is a considerable but unpredictable variation between strength and distance
from the pith of the tree, Provided the test specimens come from the sruue height in the tree
and the same region of annual growth, there does not seem to be much difference in strength
with regard to cardinal direction in the living tree.

It is evident, then, that the influence of density, position in tree, and tree characteristics
can be eliminated from comparisons, as far as the kiln-drying work is concerned, by selecting
material for test in the green, kiln-dried, and air-dried conditions, not only from the same tree
but also from its corresponding parts. The existence of tree charactmistics also makes it de-
sirable that several trees be represented in each kiln run. It is also found that unexplained
variations are such as to necessitate that each tree be represented in each grcrq (green, airdried,
and kilndried) by a considerable number of specimens.

The effect of moisture content and distribution could be eliminated by bringing the kiln and
air-dried material to the same moisture contant before test., This, however, requires an
excessive amount of time and it is found more feasl%le to allow for comparatively small
dii7erencesin moisture content by making adjustments of the data. These adjustment will be
discussed later.

Differences in moisture content bgtvmen parts of the same specimen are avoided by allowing
a period of air seasoning after the kiln drying, thus bringing the moisture in the material to prac-
tically uniform distribution. Material”-which is air dried is not tasted until it has reached &
practically constant weight and the moisture content has bemme approximately uniform.

The effects of rate of tmt and temperature at time of tast are cared for by properly standard-
ized khing methods. .

MECHANICAL TESTSANDTHE PROPERTIESDETERMINEDFROM THEM.

The standard t.estamade on wood at the Forest Products Laboratory and the mechanical
properties determined from them are:

Staticbending.
Fiber Etresa at elaetic limit.

Modulus of rupture.

W&due of elasticity.

Work to elwtic limit.

Work h mxci.mum Ioati.

Totalwork.
Impactbending.

FiberStrEMatelaeticlimit.
M3duluaof elasticity.
‘iVorkin bendingtoelwticlimit.
Heightofdropto failure(60-poundhammer).

Compreeefonparalleltograin.
Fiberstreseatelaeticlimit.
Orushingetrength.
Ffodulueof eleXkity.

Oompreesfonperpendicularb grain.
Fiberstressatelasticlimit.

Shearingstrengthparalleltograin.
Radial.1
Tangential.’

C1eavage.
w.’
Tangential.i

Tensionperpendiculartmgrain.
Radial~
Tangential.1

Htidnsse.
End.
Radial.
Tmgential.

1~e m “radiel”end8’tipntid” refertothe”euim0!M-, -i tenmlmteneim”P13@3ndieulerb the mdiel *,
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.,.,

It may not appmsrnecess~” to perform aIl of these tests on the green, kiln-dried, and air-
dried material in order to get a sufEciently reI.iablebasis for the determination of the etkt of
kiln drying. On the otliir hand, it would not do to select one kind of test on one property
and assume that if the kiln dried stock proved to be superior or inferior to air-dried, all
the other properties would dso be superior or inferior. The several propertiw may very
well, and do in fact, prove to be affected in diflerent ways by the various conditions of seasoning.
This phenomenon is amply illustrated by data presented la@r.

PROPEll= ON WHIOE ANALYSIS IS BASED AND THRIB SIGNIFICANCE.

The analysis of the effect of kihdrying is, therefore, based on the tests which bring
out the properties deemed most important in airplane construction; namely, static and impact
bending and comprewion paralIel to grain; although sII of the task are made because the tests
of lesser importance can be made at a comparatively low cost and serve at times as a check on
the conclusion reached from a study of the principal test data.

The properties chasen for principal attention in the analysis are five in munber. They
are: ModuIus of rupture, modulus of elssticity, and work to maximum load, obtained from
the static-bending test; height of drop, obtained from the impact-bending test; and maximum
crushing strength, obtained from the compression-parallel-to-grain test.

By modulus of rupture is meant the computed fiber stress in the outermost fibers of the
the beam at the maximum load. It is a measure of the ability of a beam to support a
slowly applied load for a very short time. It is not a true fiber stress, since the forrmda
by which it is computed is exactly applicable only within the elaetic limit. The term is, how-
ever, universally accepted and the values are quite comparable for .vmious species and sizes
of lumber. It is, moreover, a definitely measurable quantity which dow not depend to any
extent on any pereonal factor as does, for instance, fiber stress at elastic Emit.

The moduhs of ahwticity is a measure of the stifhmss or rigidity, of a m~terialj and is of
value in computing the deflections of joists, beams, and stringam, and safe loads for columns.
Although it is derived from the static bending test it ~@rec~y applicable to columns as m.11
as beams.

Work to maximum load represents the ability of a wooden part to absorb shock with a
slight permanent or semi-permanent deformation with some injury to the wood, and is a measure
of the combined strength and toughness of a materiaI under bending strmses. It is one of the
most important properties as far as airplane wood is_concerned,

Height of drop is the vertical fall of a 50-pound hammer causing complete failure under
the impact-bending test, and represents a quality that is important in mertibere which are
occasionally strmsed beyond the elastic limit. It is a very variable quantity but ranks with
work to maximum load in importance as a measure of the suitability of a wood for airplane use.

The value of masimum crushing strength, as obtained from the compassion-parallel-to-
~maintest, lies in the possibility of estimating the stren~h of parts used as columns. It is a
very simple test and is frequently the only one used in studying the effect of a treatment or
process on -iv~od. However, it does not necessarily follow that others are affected in the same
way and, particularly not with respect to- the very important prop~tiea of work to masimum
load end height of drop. Thwe latter are meaeures of toughness, or shock resistance, which
quality is not brought out by the comprwsion-pa.rallel-to-grti tast.l

The manner of conducting these and the minor teste and the significance of each of the
properties is disc=ed in various circulars and bulIetins of the Forest Ekrvica of the Unitad
States Department of Agriculture.z .- ~!,-,...,.. .. . . ... -r-. --s

1S@ p. 97 and footneh tbl’eto.
~See ~ly Forwt Servk Cir(xdnrM (Revised) and Bulletln M4 Of the Unfted St.stw.De@nmnt of Agi-lmltore. S08d90 “ Worm

Plan for Project 1~” hwluded es an appendix ~ The M-d propxtieg of Wed, by S. J. Flax@ poblfsbed by Jab Wfhy & Wm.
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PREPARATIONOF MATERLAL.

SELECTING,CUTTING,AND MATO’EIIW2OFSTOCK.

The necessity for having material so selected that comparisons will be only between groups
which consist of material inherently tdike has been pointed out. The method of cutting logs
and selecting materkd will be illustrated for each of severed species. Great care has at all
times been taken to make oertain that kiln-dried material is as inherently like the green and
air-dried to which it is oompared as possible.

In most cases the material for test was selected in the woods or from log yards and sent
to the laboratory in log form. There it -wasstored on skids in the yard until required. In gen-
eral, species which were in use or considered as substitutes for spruce in wing beams, struts,
etc., were cut into 2* or 3 inch planks, in which sizes the material was kiln-dried. Species
looked upon as promising for propeller woods were sawed into l-inch hunber and kiln-dried
in this thickness.

Test specimens were ? by 2 inches in cross section for those species dried in the 2+ or 3
inch thiclm-. Bending specimens were 30 inch= long and were @steal with center load
on a span of 28 inches. Speoimens from the species dried in l-inch thiclm=- were $ by 2 “tichea
in section. Bending specimens were 20 inches long and were tested with load et the cents of
an l%nch SPSKL

Specimens for test while green wwe cut and planed to size at the time of cutting material
from the log. Specimens for test after air drying were at the same time cut roughly to size
and stored for drying. Specimens to represent the kiln-dried rnate@aJwere not cut until after
the kiln-drying was completed. Specimens which were to be airdried were carefulIy piled
in a shed where they were well up off the ground, were sheltered from the sun and from pre-
cipitation, and were subjected to very free cindation of air. Ends of these specimens were
dipped in meh%d parailin ta retkrd drying from the end. The endeavor W* to give them the
best possible amironment for air-drying.

Each shipment of a species is considered a unit. It has not been poesible to get all ship-
ments of a species uniform as to size and length of logs, etc. Logs of one species differ greatiy,
of course, from those of another in size and character. The method of grouping material is
influenced by a number of factors, such as size of logs, number of kiln runs in which each log
is to be represented, method of sawing (plain or quarter-sawed), thicJmes.sof material to be
dried, and number of logs in shiprn.ent. Consequently it was impossible to adopt a single
standard plan for cutting, marking, an’d grouping; each shipment had to be studied sepa-
rately and the method best suited b it adopted.

Figure 1 (A) to (E) illustrate several of the methods of cutting logs. Figure 1 (E) shows
how the logs of Sitka spruce of shipment 504 were divided. These logs were so large that
it was necessary to split them before they could be sawed. They were first split into quarters.
Each quarter was then split circumferentially into two pieces and the outer one of thesepieces
was again split radially into two pieces. The resulting 12 pieces were sawed as shown. The
central flitchw IIL and ME were cut into sticks 2+ by 2* inches in the rough. Matched speci-
mens for test in the green and air-dry conditions were provided in accordance with the folIowing
scheme: With an 8-foot log or cioubldmgth bolt ss a tit, two flitches estending through
the tree in one direction, as in figure 1 (B), or in each of two directions, as in figure 1 @), are
cut into 2* by 2* inch StiCkS. These are numbered as in figures 1 (B) and (E), the number
ootisting of a letter and a figure, as H3, l%, etc. Thwe sticks me then grouped for test as
follows :

STIOK NUMBERS.

Lowerbolt. . . . . . . . ..l 4,5 8, 9
Upper bait . . . . . . . . . . 2,3 6, 7 etc. }

Tested green.

Lowwbolt- . . . . . . . . . 2,3 6, 7

Upper bolt 1 }
~ ~ T&ted after air-drying.

. . . . . . . . . . 4,5 ,

. . ..— —
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That is, two mmposite bolts are formed, each including half the sticks from the upper
bolt and half those from the lower bolt. The stickBof one of these composite boRe are tested
green and those from the other after air-drying.

Figure 1 (D) shows how phmks are divided inta sticks for static and impacbbending teete
after having been dried in the kilns. In general, half of the sticks of any given group-green, air-
dried, or from any kiln run-are tested in static bending and half in impact. One specimen
from each etick is teeted in compression parallel to grain. One-half of the static-bending
sticlm furnish smaller specimens for compression-perpendici!ar-to-grain tests; the other half
give specimens for hardness tests. Shear, cleavage, and teneion-perpendicuhw-~grain speci-
mens are taken from impac+bending sticks.

Figure 1 (A) and (C) are cutting diagrams as used for African mahogany and white ash,
and are typiod of diagrams for loge which were cut into l-inch material or were not euflicientiy
large to be cut as in figure 1 (B) or (E).

INSPECTION OF STOOE.

Iiumediately previous to being placed in the ldn all material is very carefully inspected
and any defects and imperfections noted and marked on the piece or made a matta of record.
On removal from the kiln it is again inspected and record made of any increase in the previously
noted ‘defects, such as extension of shakes, increase of checks, or loosening of knote; also of
warping and cupping, the development of new checks, etc. It is also examined for case-
hardening.

KILN DRYING AND TE3TING.

Following the inititil inspection the material is placed in experimental kilns and dried. On
removal from the kilns it is stored for a brief period, after which the standard tmte as previously
enumerated are made.

METHODSOF ANALYSIS.‘

We come now to a discussion of the actual comparison of the test data on material dried
under different kiln conditions and in the air. Because of the severii influencing fsctms which
have bean enumerated, this comparison can not be made directly from a table of properties in
which theee properties are grouped according ta the seasoning conditions. The reason ia that
in the case of the prdiminary analysis the air-dried stick used for comparison was not inherently
like that kiln-driecL The trees and the parts of the tre= are necessarily different and the
Localitiesof growth me, in general, different also. In the fial analysis the tests of the several
kiln rune and the air-dried were on matched stock; that is, on stock inherently the same. Thus
the source of possible error in making a direct comparison introduced by unlike stock falls away.
However, differences in moisture content still usually exist at the time of teat.

WEOVEMENT EtATIOS.

In attempting to find for use in the preliminary anal@e some basis of comparison which
would, as far as possible, avoid the errors resulting from hkrently different material in the
groups compared, study of the available data showed that the cliunge in propertiw which is
produced by drying is in general somewhat leee variable than the strength values. Accordingly,
it was believed that the effect of kiln drying could be better judged by comparing the change
which it produced with the cmresponding change produced by air drying than by comparing
strength values of the kiln-dried and air-dried material. The mathematical measure of this
change is defined as an “improvement ratio.”

Improvement ratio=
Strength value for kiln or air dried material
~ame strength value for matied green material

Early tests of the effect of mo~ture on the streqgth propmties had shown that in one
specie+ at least, the ef?ect of moisture C- wcs practically independent of the specific gravity
of the wood. On the otha hand, the strength propertiw me very largdy influenced by the
spec~c gravity., Although the relation of specific gravity to strength has been the subject
of considerable study and important principl~ have be~ d~uced~ it is not possible to make
adjustment of strength fkUW for ~~enc= in SPSCfiCgra~ty *th sticient exactness for
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the present purpose. Hence, it seems that comparisons are Wily to be lees afkted by dMer-
ences in specific gravity if based on improvement ratim–~hauif based on the strength propertk
themselves.

ADJUSTMENT FOR DIFFERENC= OF MOISTURE 00NTEN’1’.

In some instsncw the strength properti~ of waod change very rapidly with changes in
moisture. Some strength propertied of some spcies are nearly tripled in drying from the green
oondition to about 8 per cent moisture. In other instancea, however, the strength properties
are decresaed in drying. Mar wood has passed the fiber+aturation point} a change of 1 per
cent in the moisture content may produce as much w 7 or 8 per cent change in the strength
value, Consequently, since it is impracticable to bring the various groups of material which
are to be compared to the same mokture content before test, it is essential to the accuracy of
comparisons that careful attention be given to adjustment of strength values for differences of
moisture content.

Several years ago a rather comprehensive study of the relation of moisture content to the
strength of wood was carried out by the Forest Service at laboratories then maintained at
Yale University? This investigation, however, covered comparatively few species, and not all
the strength propertied of these. In taking uy the analysis of the data on the effect of kiln
drying on strength, the need of a general moistum+tmngth law which would be applicable to
all species and all properties became apparent. For the purpose of developing such a law the
existing data were very caxefdly reviewed.

Figure 2, taken from Forest Service Bulletin 70, illustrate the relation between moisture
and seved strength properties of red spruce. The graph for modulus of rupture is seen to be a
curve from zero to about 30.5 per cent moisture, beyond which it is a straight horizontal line.
This shows that se moisture increasee strength decreases until a point is reached where there is
no further deorease. This point (30.5 per cent in this case) is termed the fiber+aturation point.
At this point the cell walls are completely saturated, but there is no free or a~coss water in the
porm of the cells.

In studying data as given in Forest Service CirCti-M108 and Forest Service Bulletin 70 on
the several speoies and propertiw, it was found that when the logarithm of the strength property
was plotted against the percentage moisture the poin@ co@d be mwragedj with but compara-
tively little error, by a straight line. This was so cor@etently true that the application of the
principle involved to other specjM agd to other properties was thought to be justified. The
relation as found maybe stated mathematically k follows:

8= ox 1o’”

where S’ is the strength value at any moisture content, M, below the fiber~aturation point, and
C and A are empirical factors. It has been assumed that the type of curve represented by the
above equation is applicable to all propertied, to all speoiee, and b all drying conditions. The
differences between theee various curves are represented by the constants (0 and A) which
adapt the type equation to Bpecificinstances. Three constants for any specific case are derived
from the data ta which the equation is h be applied. The foIlowing equation, derived from
that given above, is conveniently applicable b improvement ratios:

where M.= moisture content at fiber-saturation point.
~ =moisture content of air-dried or kiln-dried material at time of tast.
~ =moisture content to which it is desired to adjust improvement ratios.
R, =improvement ratio of dry material at moisture content of M,.
R2 =improvement ratio adjustad to moisture content M,.

The factor Chas been eliminated in the derivation of this equation. The fraction _
H is the.-,

value of A. In other words, the value of A for w in the adjustment of a set of data is derived
from the data.

~Sm8ewnd~gn@fralowtng. ~Wmxltdm&dismmkmofthesatatsareglmti Eaest Eezdm C1.mular103and Fm@a.arWCQBflti WI.
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The use of this formula is illustrated by the following example:
Tha average modulus of rupture of a certain group of matarial tasted at 9.0.per cent moisture

was 10,240 pounds per square inch. The modulus of rupture of the correspimdiqg green ma-
terial was 4,890 pounds per square inch. The fiber-saturation point is 23 per cerit. What
would be the improvement ratio adjusted to 11 per c&t moisture? .- -

~ 10240
‘= m=2”0g5

Lcg R,=-. X log 2.096

12
‘nx “321-“275 and

R,= 1.88

Also, modulus of rupture at 11 per cent ==4,890x1X8 =9,400 pounds per square inch.
As stated above, improvement ratios sad methockjof adjtiting them for moisture are made

use of in preliminary analya= where it is necessary to compare @n-dried material with air-
dried material from a different source. They are also found very convenient ig comparing
kiln-dried material with the air-dried material actual!y matchigg it, These latter groups are
seldom at the same moisture content when tested; consequently adjustment for moisture is
necessmry. This adjustment is made a trifle more easily on. improvement ratios than on the
strength-properties themselves.

DIMX.XISIONBY SPECIES.l

The various species on which tests have been made will now be djscussed individually.
This discussion w~ be divided into two parts, curr&p&ding to two groups as follows: -

Gtwp 1.-Species on which data are available from tests on matched groups of green,
air-dried. and kiln-dried material.

Group %.-Species on which data are not yet available on air-dried material matching that
t@ed green and after kiln drying.

Group 1 consists of Sitka spruce, Douglas fir, western white pine, and white ash.
Group 2 includes white pine, Noiway pine, western hen%ck, white fir, Port Orford

cedar, bald cypress, Central kaerican mahogany, African mahogany (khaya sp.), northern
and southern white oak, southern red oak, black walnutl sugar maple, and yeIlow birch.

The kiln-dried material of the tit- threaspeciea of group 1 W be compared directly to
air-dried material matching it. Weatmn white pine @l be used as an example of the two meth-
ods of analvsis. It ivill fit be discussed tmd analvzed as if hats on the air-dried material

—

matching t~at which was tested aftar kiln drying @e not available. It will then be dis-
cussed on the basis of comparison of Ici@hjed maternalwith air-dried which is matched tu it.
This plan will afford a comparison of the two methods of analysis.

Since group 2 consists of those species in which data from tests of air-dried mataritdmatched
to that kiln dried are not yet available, conclusions must necessarily be made by the method
first illustrated under the discussion of western white Dine. Data on the various srmcies of
this group are not included. OnIy conclusions reache~ and reccmuqendations basal’ thereon
are given.

<— k
ITIM spmim ~ OS&I heretn ore th~ om= in the Unit~ Stake Fcmat”=m’e=%t “t& M* Cm” h* bogany-”

(8u’Wmta me@oni), whtoh is omddly tinned “mahcmny;” Mrk=n mehomny (Ifbow SP.), kmwbioh no omctel mm hea km edq)w by
thelhrestSeAce;and‘(eommmiel wblte ~’ cmcedng whioh sw ftxItno@ p. 68.

The Ou COlllmCRJend botmkd MIUM for tho &b 8- w ~tke OPIUM(Pfc?o d@II@8), ~ble fi (P8wdduuw L2djdlo), we8t-
em WhitOma (Phtw menfkolo), Pat Orford ceder ( Cho?MKYP#& l.owaoniona),held u- ( TamikHR didkkum), ~ hemkak ( Tau@
M-m@@o), whtte pm (Piwu tit-w), Norway pine (Pinw reduete), white flr (Abla @noJkT), bleck wdmt (JWIIXWm&wa),eugarmph (AYr
&wck-im), yeUow blmh (lMde Ma). Othw commm and botaniml nenm spplted to the varkm specks sre ghen in Foreet Servko Bnllettn
17,“Chwk Llet Ofthe Faust Trees Ofthe United Stetcw.t~
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It is not the function of this monograph to discuss kiln-drying schedules; consequently only
such data concerniug the drying in these experimental runs as is essential to an understanding
and interpretation of the results of the strength teab are included. Neither is it intended that
the various graphs of kiln conditions shonId furnish comparisons of the various processes with
respect to rate of drying. For such discussions and comparisons the reader is referred to a
monograph by H. D. Tiemmm entitled “The Kiln Drying of Wood for Airplanes” and pub-
lished as one of this series. It is also desired to emphasize the fact that the runs described
herein were experimental and are not presented as models, nor necessarily as recommended
practice,

SI’IKASPRUCE.

Because of the importance of -Sitka spruw as an airplane mat&aI, more ~xperimental
kiln drying has been done on this species than on any other. The results of 13 kiln runs made
with different combinations of temperature, humidity, circulation, and other factors which may
aifect strength properties are available for analysis. The tit three runs are those which have
been previously mentioned as preliminary. These runs were made on partially air-dried
rough plank, Because of the fact that the material tested was quite limited in amount, and
the further fact that the other runs have furnished much more comprehensive data, it is unnec-
OSSSaryto pr~nt the data on these preliminary runs.

SOUEOE OF MA’J!ESIAL.

The other 10 runs, on which full data are available, were made on material sent to the
laboratory in the log fo~, in three diflerent shipments.

Shipment 504 consusted of six 8-foot logs from four trees grown in Clateop County, Oreg.
They ranged in diameter from 53 to 77 inches. Trees I and z were each represented by two
8-foot logs, namely, bolts c-d ! and i-j” for tree 1, bolts a-b and i?” for tree 2. Trees 3 and 4
were represented by the e+ bolts o~y. Material from trees 2 and 3 was used in kiIn rnns
88 and 89, while trees 1 and 4 supplied stock for runs 91, 93, and 94.

Shipment 563 came from Portland, oreg. Much of the material was used for special
drying tests which it is not the purpose to consider here. The &ipment furnished material for
runs 147 and 148, data and dkcnsion of which are included in this publication.

Shipment 578 consisted of six logs, from as many trees, and varying in diametar from 60 h
66 inches. Trees’1, 4, 5, and 6 were represented by the d bolts, tree 2 by the c--d bohe, and
tree 3 by the e--bolts. Trees 2 agd 3 furgished material for kiln run 163, while material from
the other trees was equally divided between runs 171 and 172.

Previously tasted green and a@irkd material, with which comparison is made, was secured
from one tree from Chehalis County, Wash.

CUTTING AND MASKING.

The cutting and marking of Sitka spruce h= been previously described (see pp. 15 and
17) is illustrated in figure 1 (E).

,
DEXXUPTION OF KILN-DBYING 00NDJTIONS.

Figure 3 shows graphically the kiln conditions and moisture contents of samples of the
stock for runs 88, 89, 91, 93, and 94. Simflar data for runs 147~ 148, 163, 171, and 172 are
shown in figure 4.

Kiln runs 88 and 89.-IGln runs 88 and 89 were made on stack in the form of planks 3 inches
thick and of various width. The p~an~ were piled flat and open as indicated in figure 5.
TI& figure shows the piling, arrangement of heat~g COilS,condenser coils, spray line, and regu-
lating and measuring instrument for W ~ 89, but those for U run 88 were not essentially
different. Both of these runs were made in a water-spray kiln. Two-inch stickers were used,
and openings of an inch left between the planks of each tier. Kiln run 89 had much the milder

.,
Im lem ofNb isinmmdmeeMtitiefdfo- ~em~ B- atthestirI,* 4 feet ofk@h 04the tree fs =sfgnsd a letter.

me &foot bolt abme the stumP is then a, the* b, eto. me ~ md _ *n %~= ~ ~~ @ b ef@fi rmd@Ith tcgether
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drying conditions of the two runs, as the ternperaturw were lower by about 300F. W through the
run and the humidities were higher. (See fig. 3.) In order to get uniform temperatures quickly
throughout the pkmks, runs 88 and 89 were begun with an initial steaming of four or five houra
at temperatures of 1300 and 150° F., respectively. The very frequent rims in temperature in kiln
run 88 (see fig. 3) were due to faulty control apparatus. The stook from bofi runs appeared
to be in excellent condition at the close of the drying, and there was no degrade due to checking)
warping, or casehardening. Casehardening had developed during the latter part of the drying

FIcI.6.-k2tfOIlOf kb and pflhlg dfsL?03z&8itks Splllb?I kh rml 8fJ. ~. &-8s@oD Of kb aud Pflf.agd!aq Sltka Spl’U~ kb ~ 194.

in both the rung. In run 88 it was relieved by steaming for tyo hours at 170° F,, while in run
89 two steamings at 185° F. were “required to do away with the stresses, one of two houm and
one of one hour duration.i

Kiln mm 91 and 9i?.-Kiln rune 91 and 93 were made in the same IdIn as run 89, so that
figure 5, which illustrates the piling and the arrangement of kiln parts for run 89, will stice for
these runs. The stock was of 3-inch thickness, and 1~-inch stickers were used. The kiln loads

—. .-

-weresmall, as only 600 board feet were dried in eaoh. ,..
JELD.Tfemm’smonwrwkme~ Dw@$ofw~ fcu~tia, fnc4@ ad@us40nofthese ma m f- dqrio~m.
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The material in run 91 W* steamed twice to ydievg,.+m+ning. These steam% were
made at 1800 F. for two and one-half hours and for one hour. —.

No casehardening was found at any time in @e rnatarial dried in run 93, and therefore
steaming was unnecessary.

Kiln run 91.—The kiln arrangement and method of piling used in kiln run 94 are shown in
figure 6. In this u.the stock was dried, not in the fop of 3:inoh plank, but in sizes suitable
for airplane beam planks. The load consisted of 3 by 4, z by 3, 2 by 4, and 2 by 5 inch pieces,

,

Fm. 7.-SecUon of kiln ahowfng method of pilLug Sitka spruce, kiln
run 147.

all 8 feet ~ length, The 3 by 4 inch ‘pieces
were piled as shown in the diagram, using
1~-inch stickers &d leaving about 3 inches
between the sticks of each tier. The 2-jnch
material was simihrly arranged in a separate
pile behind that shown in the figure, the kiln
being twice as long as the sticks to be dried.
The same size stickers and spaces were used,
The run was mild and practically a repdition
of the temperatures and humidities of run 93
(see fig. 3). The fiil moisture content was
9.6 per cent, and there was no visible degrade
nor any casehardening at any time during the
run.

Kiln run 1.47.-Run 147 was also made
on piecee of small size. These were rough-
eawed sticks 2+ inches square and 4 feet long.
The ends were dipped in an asphalt paint to
prevent drying from the ends. The piling was
open and on a ekmt, as shown in figure 7.
The material developed slight casehardening,
which was relieved by steaming twice at a
temperature of 160°, as shown on the tempera-
ture and humidity curves of figure 4.

Kiln run I@.—The other kiln run on
stock of shipment 563 was numbered 148.
This was made for the explicit purpose of
tiding the effect, on both appearance and
strength, of high temperature drying with
moderate humidities. The load was a large
one for the size of kiln, consisting of 2,400
board .feet of 3-inch planks, which were flat-
piled with no spaces betwem the planks, The
kiln was of the type shown in figure 6. The
kiln conditions and average moisture content.a
of the samples are shown in figure 4.

ICiZnmm 163, 171, and 17%-Of the
three kiln runs on stock from shipment 578
the two runs numbered 163 and 172 were

practically the same with respect to piling and the temperature used. Both rune were made
in water-spray ldns. The arrangements of the kiIns and the locations of the measuring and
controlling instruments were practically the same w is shown in figure 6. The stock was in the
form of 2~-inchplanks, 8 feet long, and vmied in width from 6 to 18 inches. The piling was
flat, with 1~-inch stickem and with 2-inch spaces between the planks of each tier.

The stock of run 163 was given a preliminary st&ming of two honrs at 155° F. in order ta
warm the planks through before drying conditions were established. The temperatums, humid-
ities, and the aver~e moistures for the six samplee varied from day to day according to the
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cwrves of figure 4. There w- a 2 per cent degrade in this run, due h warping and to surfsce
checking in the sapwood of some of the plank.

Run 171 was a constant-temperature run, the temperature being 150° F. except during
the last three days, when it was 156° F.

THE .41B DRYING.

Material of skipment 504, matching that M tied in runs 88, 89, 91, 93, and 94, was air
dried in the form of sticlm 24 by 2* inches by 4 feet, the ends being carefully paraffined to pre-
vent end drying. It was dried for about one Yemyfrom midsummer 1917 to midsunmm 1918
in a shed without artficid heat. The shed wss OPtmon the north and closed on the other three
sides. The specimens were piled about 7 f=t above the ground, midway between the gromid
and the roof of the shed. The Mnditions tlms “sscuredWEUWconsidered ss favorable for perfeot
air drying as are obtainable. When stored for drying the aversge moisttureoontent of the group
of sticks matching two of the kiln runs (88 Ud 89) W* about 49.1 per cent, and for another

.-

group of sticks matching kiln runs 91, 93, “Wd 94 about 41.5 per. cent. The flnsl moisture con-
tents, after the maw ~PP*~ ~ have rmched mnstant w~ght, ss hdicated by periodio
weighing of samples, were feud to be very uniform ~d so~what higher than was mticipated.s
For SLYsamples they were 14.0,14.3,14.2,14.3, 14.3, ~d 14.5 per cent, giving an average of 14.3
per cent. The moisture at the time of *t ~ ne~y 2 per mt 10ss,since some time necessarily
elapsed from the time of remov~ from the @g sh~j dtig which time the stick were stored
indoors in a warmer and drier atmosphere. .

S=~TH DA’rA.

The conclusions which are b be ~a~ reg- the efleat, on the strength of Sitka spruce,
of the vsxious conditions of SSMO@ just dmcribed me b=~ on the study of a series of tablee
givmg both the mechti~ PIWPfXti@of, the. V~OUS gYOUP of material md tie improvement
ratios. The ratios me further pr~en~d IRgraph form for the sake of ready mtercomparistm.

TASLEl.—M&nti properti of N&I spwx” Tobdation of tit dittu, No aiijtiat~ for mot%tur.s.
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T-m l.—Me.rhaAcal propertk of 8itku qnum. Tabulation of test ddta. No adjuatmnt for moisture-Cantinmd.
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The mechanical Propmtim of all tie groups of material for all eonditione of seasoning are
given in the single T~bl~ I. An addition~ s&oial table,of data for comparing runs 14~and
148 fi Table 9. ,~ese prOpertie#4are average ValUOScd..the average for d taste fiOm OaCh
double bolt, or 8-fcm.tlog. For example: It has already been mentioned that kiln run 88 was
made on material from three logs of ship,~nt,50$ -T&y were thO.ti aud i+ bolts of -.2
and bolt e# of tree 3. The average property was determined for each bolt sepmately and the
values given in the table are the averagm of the bolt averagw.

The four succeew ~bb (Tablm 2 to 5 inclusive) tabulate improvement ratios. They
are obtained by Werent wu@@ of the ~~ aw@@t.o the pointda be brought out. The
fit three of th= tabl~ (2, 3, and 4) wtain O~Y to tipment 504, for whkh the airdry teste
completing the work have been made.
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Table 2 presents ratios d@ved @,m the. properties of material of shipments 325 and 504
m presented in Table 1. Ratios me given both with and without adjustment for moisture
content. The next table (Table 3) was made up for the reason that the original data showed
a oonaistent variation in the strength properties according as the taat specimens came from
near the central or the outer portions of the tree. It waa thought that better comparisons
between kiln-dried, green, and air-dried material would be had by using smaller units of match-
ing-that is, by groups more inherently alike. Table 3 givss by inner and outer portiona the
properties of emh bolt. ~~Outer” and “inner” portions are divided by the circumferential
splitting lines as illustrated in fig. 1 03).) . The tiprovement ratios inoluded are based on
average values of properti~ of bolts.

TABLE 3.—Prop4de8 of Sil%aSpruw,8Mpm4nt604@eOimprovementmtb8withand&u4 aaju.hbcnt kl 11 pff
cent nuniture).
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TABLE S.-Prop&fed of ~i~kuspruce, 8hipmertt 604(aZuoim wementratios with and withut d~tmmt toIIper
U92tmaahdbirlued

T?&

bolt.

2 e-b,
lij..
Se-f.

Awmge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
I. R.ati.eat . . . . . . . . . . . . . . . . . . . . . . . . . .
l. R.,l . . . . . . . . . . . . . . . . . . . . .._ ..---. %

2 a-b

:3.’

A
L%%%.::::::::::::::::::: :::::::
LR.U . .. . . . . . . . . . . . . . . . . . ..- . . . . . .

2a-b
21-J.
a e-f.

A
I.%%’ixC.:::::::::::::::::: ::::::
I. E.= . .. . . . . . . . . . . . . . . . . . . . . . .-...-’

1M
1i-J.
4e-L

Avemm . . . . . . . . . . ..- . . . . ..-!......

IR%%&-.::::::::::::::::::::::::
LOU.. .. . . . . . . . . . . . . . . . . . . . . . . . . .

~

Av
L Ryi~i.~::::::::::::::::: ::::::
I. Ran. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
b.-

lc-d
1i+.
413-L

A
I.%%?~i.~::::::::::::::::: ::::::
I. R.U . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8UMMARY OF OUTEE PORTION OF TREES ONLY.

I I 1

I Skdio bendfng.

‘g m ‘*:f
l— l++—

T
I,m

Penn ti

:2. S: i!%’
‘Green to ~

metab m

}

::::::: 2% m

iW’88md 2 .......4,760274
1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I6,120 I 1,166

‘m...............-..............

FfFF
.......................*.l l“}y yg.............................................. .............. . .

I
16 11.8 O,kal 1,442

Kfln run%?... 16 &8 10,4CKI l,m
17 16.Q 7,270 1,177

.. . . . . . . . . . . . . . . . . . . . . . 11.6 9,660 m

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . j.g ;.%

.. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 4,8!m l;fno

-Fm

W..............!!!.8?: ‘i%

m
M
. . . . . . . . . . . . . . . . . . . . . . . 11.0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . i!% 1;%

::::’::::’’’::::*................. . . . . . . . . . . . . . 1.89 L48

1
Inch
on
?&

tlba.

6.7
6.8
5.0

i%. Inck-?.?. i!%.

8 . . . . . . . 28 24 . . . . . . .
7 . . . . . . . B g
6

. . . . . . .
. . . . . . . . . . . . . .

Portnd8

‘ii%
0.347 a,2$0
.687 2,200
.686 1,970

I 1 , , 1 1

6,5 1. . . . . ..! . . . . ...1 26.7 1. . . . . ..1. . . . ...1 .840 I 2.217

am 7 I!4.7 % 28 12.6 .880 4,860
8.01 9 12.6 21.6 27 l%a .244 4,860
O.ls 6 18.2 17.7 86 M.o .286 4,160

m
I I 1

8.2 . . . . . . . 9.2 %.8 . .. . . . . 9.8
1.49 . . . . . . . . . . . . . . m 6!2!:1.12 . . . . . . . . . . . . . . . . . . . . .
1.U . . . . . . . . . . . . . . 1.10 . . . . . . . . . . . . . . . . . . . . . %20

8.4 -X 12.1 !M
8.~

a 1::
9.2 n

.6s6 &660
20 .6b9 6,~

6.8 16 14.8 17 87 12:6 .W ~030

7.7 . . . . . .. 12.0 20.7 . . . . . . . 10.6 .268
. .. . . . . . . . . . . . 1.UI . . . . . . . . . . . . . . . . . . . . . 6::

:$ . . . . . . . . . . . . . . 1.03 . . . . . . . . . . . . . . . . . . . . . .
, —

6.2 7 . . . . . . .
. . . . . . . $

86 . . . . . . . .684 1,X80

u 11 . . . . . . . u
22 . . . . . . . .m 9,220
46 . . . . . . . .646 alla

6.4 ]. . . . ..+ . . . ...1 18.7 1. . . . . ..1. . . . ...1 .887 I ~’xo

7.10 7 12.1 20.0 1111g:: .2624,.5!Al
7.7a 8 l!l.1 21.6 .600 4,640
6.84 6 12.6 17.2 41 u:a .246 4,290

7.22 . . . . . . . 12.8 19.6 . . . . . . . Ill. o
.= 4t:1.22 . . . . . . . . . . . . . . 1.06 . . . . . .. . . . . . . . . . . . . . .

1.8a . . . . . . . . . . . . . . I.M . . . . . . . . . . . . . . . . . . . . . S.86

11.6 1; 11.1 26
8.9

H 10.8 .662 6,1MI
8.6 n

6.1
.8M ~ 110

11 11.6 n 61 it:! .K!7 4,810 .

8.9 . .. . . . . 10.4 ‘x o . .. . . . . 10.1
.W %%1.M . . . . . . . . . . . . . . 1.12 . .. . . . . . . . . . . . . . . . . . .

1.64 . .. . . . . . . . . . . . L H . . . . . . . . . . . . . . . . . . . . . 2.18
—

f: 4 10.6 “20 8 12.0 .ml 6,040
6 11.2 26 10 11.7

&a 6 10.6 17 u 11.4
.3Ss
lam

6,710
4.m

i b ,.

7.4 . . . . . . . 9.8 243 . . . . . . . 2.4
.m 6$%1.37 . . . . . . . . . . . . . . 1.20 . . . . . . . . . . . . . . . . . . . . .

l%a . . . . . . . . . . . . . . 1.26 . . . . . . . . . . . . . . . . . . . . . 2.@

Explanation of tams eta.:
MofetureOonkmtbawd on oven-dry wefght
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Improvement ratios based on a still further subdivision of the unit for matching are shown
in Table 4. l’%ese are derived from some of the values shown in the preceding table. Only
the extreme lower and upper bolti from among t@e available me included, so that the trew
2 and 3, having only the bolts *J are not represmtid. Tablw 3 and 4 serve the purpose of
detecting diiferenoes, if any eat, betwmn tie tied of drying on material from different park
of the trees, and are useful in supprtm the ~ncl~ions reached from the study of ratios bssed
on the general properties shown in Table 2.

TABLE 4.-Sumwuuy of imprw?md rafi~ wdhg ti bo~~& ~W 604. ~ih runs 88, 89, 91, 98,
and94arui air *to rnatdb.

..---—. .
fluterportion.

—

RoP@’.

M.lMR . . . . . . .

I Inner portfon.

Lower I&t) A-B or

Bolts.
L&Rc~ lj&d-

1 a

A-B, I-J . . . . 1.76 L w

A-B, N.... 216
A-B, I-J.... LE9 %

2-D, I-J . . . . L 74 La

2-D, 1-2
>D,14:::: “-..-;g -.--”;:g
2-D, I-J . . . .

A-B, I-J . . . . L 07 Lm

A-B, I-J . . . . f: 1.ao
A-B, I-J. . . . . L23

PD, I-J-... L 23 L S1

&D, PT... . . . . . . . . . . . . . . ..i.K
GD, I-J.... L42
GD, I-J.... 1.11 im

A-B, I-J . . . . L2J L~4

A-B, I-J . . . .
A-B, I-J . . . . k: M

2-D, PT.. -. 1.74 L=

GD, I-J . . . . . . . ..i.g . . . ..cii.
>D, I-J....
&D, I-J . . . . im 2.Z3

A-B, I-J . . . . 2.19 243

A-B, I-J.. . . 2.7’2 2.46
A-B, I-J . . . . 260 242

2-D, I-J . . . . Zm 2.24

2-D, I-J... . . . . . . . . . . . -.. =....
2-D, I-J . . . . 2.67 ::
i!-D, I-J.... ae

A-B, I-J... . .m ,36

A-B, I-J . . . . 1.m LU
A-B, I-J.... .77 .73

PD, I-J.-.. .P2 .@

E!-D,I-J.... ---------- .-. -.i-%.
GD, PJ . .. .
GD, I-J . . . . M 1:76

Lmfer bo~ A-B aUpper bolt, 1-7. upper bolt, I-J.

—.
LR. ad-
Justed.

.J. ——

; R. ad.
lusted.

-—.—
3 84 7

— .—
--Al&drJt#&l klbl

Kmlnmsa . . . . . . . . . . .
Kunrml m...........

L77

2.m
2.23

L 7a

. . . . . . . .
L35
Ln

_
1.la

L88
1.61

1.22

. . . . . . . .
1.8a
L2t_
L61

1.78
L98

L87

. . . . . . . .
L 25
1.m

-
2.81

2.M
2.6a

2.22

. . . . ..-

55
-

Lm

1.89
L 111

1.20

.. . . . . . .
1.26
L63

L87

M

L86

.. . . . . . .
Zrm
1.66

-
L20

LM
L48

L80

.. . .. . . .
L 42
1.22

Y

L66
L91

1.4

.. . . . . . .
L29
L 17

_
2.64

2.19
2.87

2.62

.. . . . . ..

kE
_

L22

L 84
L4P

L21

. . . . . . .
L28
1.M

1.85

1.97
L78

LSI

2ce

;2
_

1.39

%

L62

L61
1.64
1.6!4

1.41

L68
L47

1.86

2.23
L27
1.4U

Y

M

2.07

2.88
2.$1
2.FA

_
L(U

L04
.M

L 11

::

1:82

L 74

LS6
LE6

L97

;g

L P7

7

i:

L62

1.61
Lm
L64

L46

L43
L 61

L48

:%

1:85

T

2.m
2.22

2.26

2.29

i%
—

1.w

l.%

L 12

1.28
L 11
L2S

1.88

2.22
1.9s

1.76

L96

:%

T

Lm
1.84

L27

1.20
L 46
1.67

_
L 88

1.64
L62

L4S

L ‘n
1.42
LE4

Y

*2

2.39

M
8.39

-
1.07

L80
L 16

1.26

L24
L47
1.84

L71

L96
L73

1.84

KLlnrun’n. . . . . . . . . . .
Kilnrnn w . . . . . . . . . . .
Kllnrlrn Pa. . . . . . . . . . .

-=-

1.41.
L 23

L86

KHrlrunss . . . . . . . . . .
Kfinnm 39. . . . . . . . . . .

M.ofE . . . . . . .

Knunm 91. . . . . . . . . . .
KiInnrn 98. . . . . . . . . . .
K3nnm M . . . . . . . . . . .

-—
1.42

K[lnnm3S . . . . . . . . . . .
K5nmm. . . . . . . . . . .

Airdrytomntch kilo
rum 91,P2,and 94.

K3nrrm 91. . . . . . . . . . .
Kilnl’lln w . . . . . . . . . . .
Kiblnm 94. . . . . . . . . . .

Work . . . . . . . . .
1.66

.

L62
1.46
1.m

Kunrun3s . . . . . . . . . . .
FJhInmsll . . . . . . . . . .

Air dry tomatch klh
rans91, @and94.

2.u
217

2.89
?LC. S.......

207
2.71
2.m“

Kiblrm191 . . . . . . . . . . .
K3nronm. . . . . . . . . . .
Kilrlnm Pa. . . . . . . . . . .

—
-

L@
—.

Iublrunw...........
Kfl.urun39 . . . . . . . . . . .

HLr4droP... !
M dry to motch ktlm

runs91,98,and 94.

1.m
L43
1.M

Kilnrun 91. . . . . . . . . . .
Kilnnrn W . . . . . . . . . . .
Kihtrun94 . . . . . . . . . . .

--. —.— .- ...+
Exphmatiau of terms

M. OfR.-Modulu Ofrupture, stnticbendin&
M of E.-MrKIolrm OIelastlcity staticbending.
Work-Wink to m=imom Id ** @d-.
14&C~fA.7**&~ti*.9f~N~m@2rI mmueltom.

I. R.-hnprovement ratio.
hnprovement ratios adl@ed to U Wr cent motstma.
Flber+atum~m potnt-~ w *
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The improvement ratios for material from shipments 563 and 578 (Table 5), for whioh
the airdried material is not yet ready for test, are obtained in a somewhat differed manner.
The ratios are oomputed for individual double bolts, but without subdivision into inner and
outer portions ‘for each kiln run. The averages for the ratios for the several bolts are then
regarded as the improvement ratios corresponding to the kiln run. The ratios were so derived
for kiln runs 147, 148, 103,171, and 172, and are shown in Table 5.

TABLE i5.-Improumwnt rah’oe amrchg to bolti (adjuatedto11 ptr c+mt moihre).

Ij3itkaspnw.w Kifn runs147mxi 148,shipment566,and kfinruna l@S,171,and 172,ehlpment HF.]

Sessoning.

Kiln run 147(9hfP.668),

Ar-e . . . . . . . . .

Kiln nm148(Wp, .566),

Amre.ge........

Kilnmn 163(abfp.678),

Awrwe........,

SUIDmnln (dllp. 678),

Awe . . . . . . . .

Kiln mn 172(ehfp.578)!

Average . . . . . . . .
—

I Stattc bending. I Compression arnlkl
W=wp%dbh%%’r, tosrd%

, , , 1 I I 1 I !
-.

I n

N 1.951 2.39

.:.1 La] 1.78 I 1.14 I 1.14 I 1.441 1.4 /. . . . . ...1 l.m I l.m 1. . . . . ...1 2,26\ 242........... ...... ,
T4o-d .. . . . . 12.8
.8 e-f . . . . . .

L 76 f: 1.14 1.17 I.zl - 1.4
12.4 1.61 . L 15 1.17 1.II’ 1.19 I Ml 1:%1 l:% I ;fi: I ;:;; I ~~

. . . . . . . . . . . . . . . . . . . 1.68 1.82 1.14 1.16 1.* ‘I 1.291 .. . . . ...1 .971 .!371. . . . . ...1 1.77 I 1.RO

.......-...-1........1 2.W1 1.S3 t L.?a I 1.80

.......-.-.1....1 MMI ~.oi l.Mi l.al

L S4 1.49 . . . . . . . . .63 .W . . . . . . . . ~~~:

L n 1.27 .s2 .84
1.43 1.89 ::

11.7 2.36 2.49

L48 1.45
.86

10.8
10.6 2.41

‘%
!4.8s

ia 2 2.49 9.66
1.56 1.64 la 2 L 19 1:E 10.1 2.66 2.48

mm .WI........iMS i 2.41

.- .-. .

.——.

.-

A. .

—

J —

M. of R,=lfalufas of mptnre.
M. 01E.-Modntm of elastfoity.

~ ~a-.
%.-=%$%%% ratio.
Wllmretllmtioll p9illt-28 ~ OOnt.

The impro~ement ratios as given in Tablea 2, 3, 4, 5, and 10 are put into @aphical form
in figures 8, 9, and 10. Figure 8 also shows ratios for air seasoning of a olosely allied spocios,

red spruce, based on data from a bulletin of the Foreet Setioe? In figure 8 the values plotted
for previous air-dIY tats of shipment 325 and the values of improvement ratios shown by dotted
lines (shipment 504, kiln runs 88, 89, 91, 93, 94) me from Table 2. The laet five ratios under
each property are the average values taken from Table 5. Ratios from Table 3 are also graphed
in this figure,

The ratios of Table 4 are plotted in figure 9. Figure 10 shows the ratios, by individual
bolts, for. runs 147 and 148, from Table 10. This figure is iuoluded beoause of the bearing of
these ratios on the question of the effect of high temperature.

DISCUSSION.

003!PAFU80N OF KILN-DRIED = MAT+3HED Af’E-D@lED MATSRMIt.

The outstanding fact indicated by figure 9 and by that part of i@re 8 pertaining to material
for which air-dry tests me avaiIable (shipment 504) is the wry general exceI1enoeof the mataial
whioh has been kiln dried, as compared in eaoh case with the corresponding airdried stook,
Lmspective of the unit of matohing, whether matihed by units of three whole bolts, by the
inner and outer portions for three bolts, or by inner and outer portions for individual bolts,

Il%mt8wvIceBulletin7%melMwiof Hot.$tumon ffie Stmn@h and StMum of Wood,
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the excellence of the ki.bdried material is general
with respect to all of the five properties.

The conclusions as to the relative merits of the
various kiln ru.ns are:.

(1) of the two runs 88 and 89 made on the
same group of material, 89 is the poorer, although it
is better than the corresponding ti-dry except in com-
pression parallel, and possibly also in height of drop.

(2) In the other group of material (including
rune 91,93, and 94) kiln run 94 shows, with most con-
sistency, the ~~hed improvement ratio. Taking all
the propertiesinta consideration, it isdifficult to choose
between runs 91 and 93. If, however, we base a deci-
sion on the highly important propq.rtieg of work @
maximum load and height of drop, It would be oon-
cluded that run 91 is the better, in spite of the higher
temperature used throughout the run.

It will be noticed that the air-dried matirial of
the group matching .~. W gud 89 shoT@ abo@ tie
same improvement ovix. greti as does that, of tie
grOUP..rna@@% q: Q,” W; tid 94,”and thqt they
differ considerably leg-sfrom each other than they do
from the ah=dq.of the preyic@$ shipment, 326. The
property which is an exception to this statement is
the very variable and less important one of modulus
of elasticity. This brings out the point that, while
the relative suitability of the several kiln runs can be
determined by iutercomparison of the improvement
ratios, it is no$ possible to stab positively that my
of them givg @p:qyqge.uts equal or superior to those
to be :obtatied by air dryiug until n@&ed. air-dried
material has actually bwm testad. To illustrate: If
teets on the airdried groups matching @n ~ 88,
gg, 91, 93, and 94.wqre QO.$gvpilable, Y.Q @gmw@
of these runs had to lie based on acomp-on of their
improvement ratioswith those of the previously tested
air-dry of shipment 325, and without any allowance
for variability, the conclusion would be reached that
of these runs 94 alone had yielded stack equal or
superior to air-dry. It is now evident that such a
comparison would be misleading. It so happens that
in this instance this method of comparison is safe, in
that it does not give a false idea concerning the safety
of m-drying. On the other.hand, it might happen
that such a comparison would lead to the conclusion
that a given drying proceaa was entirely safe, when
such was not the case. However, in making such
comparisons careful consideration must be given to
the variations to be expected. This was done in the
first analysis of the effect of runs 88,89,91,93, and 94,
and the conclusion was reached that, with the possible
exception of run 89, all had given satisfactory remdta.
That all the runs, 89 included, have given satisfac-
tory results ie indicated by the data presented herek.
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The above conclusions have been arrived at by a consideration of the ratios shown in
figures 8 and 9, mentally balancing a deficiency in one property against superior excellence in
anothar. While it is neceesary to exercise care in any attempt to reduce comparison to an ‘
exmt mathematical basis, it is interesting to note how oompariaons cm suoh a basis lead to
praotioally the same canolueiona ae given. Table 6‘ gives the resulte of a computation of the
;(e.flicienoied‘...Qf the various rune.
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TABLE 6.—l7flkimciee of - h7n nw-i%tk qw.c-ilhiprwnt 604.
f, I ,-. . -,

. . ..
f

I I Imnnmw ] Imnrmlm I Ktlnmn’u. ~ Kmlnmm I Kifnnmet.

rroperty.

:l”fl””r1.
F

,. -. .- ..--—— 4

E ExF E ‘“ ExF E ExF E ExF E ExF

Pcr’cenf. Pa” c~m; P; &t. Pu ~q PM Urr4.
Modulu50fm@ore. . . . . . . . . . . . . . . . . . 9 104.8 XB.6 M’. 8 .’%9 lC?/.8
Moduhreofelrwtldty. . . . . . . . . . . . . .. . 4

104.8
llm.o 430.0 I&6 410.0 370.4

1023 .XU.3

Worktomasimum lc=d.... . . . . . . . . . 8
10$: 400.2 lm o

10?.2 ~f ‘?La ~: .# ~ 307.8 !ZJA: 95.0 %:
Drop.. . . . . . . . . . . . . . . . . . . . . . . . ..~-. 3 103.8 . ’77.3 3418 1C4:8 119.9
xrmirnum czUshfwstzen3fJL . . . . . . . z 0$.6
ZE

I&o .
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M%! . . ...?.!. 492.6 . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .
g: ::;:~ - g; ::;:::: #!& :::;::;
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F- Wetghthrg feetor.

E- EfOdenoy-
Imprmmuent ratio for pm~rty of kiln-dry

improvement ratio for emmeproperty of correefm ding tiir+lry
—

I The wdghtlng hctom Fused in this end other tableame those w~ti have been gsed fn ~rnputing a oompmlte figure to measurethe mlt-

-- ,—. .-

ability of vwtoue epedee for afroreft use. The rekativeimpo-ce of the ~mre ProPtiw ad tie apPllmbiUty of such fe.dm in the Pmeent
inetenoemightbe aubjeet to come qnmt[on. Ffowever, the ieets that the “average effldendee” end “ tighted swmge edkfeneiea’) aagiven in

Table 6do not dftkr sisrrhhntly, mkdthat hti metiods Put the vwkms ~ ui? the =rne order, indketea that, in the present Instie at
leaet, any reeaonableweighting scheme would bring epproxtmately the same remits.
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Table 6 is derived from figure 8 and with its footnotes is self-explanatory. The arrange-
ment of kiln runs in order of descending weighted average efficiencies as obtained from Table 6 .
isas follows:

— —
EfEcicncy
(pemont).

Airdrying.. . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0
Kilnrun91 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.3
~nmn88 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103.6

~nmn~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103.6

~nmn93 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.1

~nnn W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98.3

Comparison with figure 3 shows that the above list puts the kiln runs approximably in descend-
ing order with respect to temperatures. It is also notable that, measured by this method, all
runs except 89 gave results superior to air drying.

TABLE 7.—E~ of wrioua tiln recna-Sitha 8pruce-ShiPmen4 604- Vppw bol.%
(A)-OUTER PORTION.

Property.

~ ‘----- F “fl$ % $;’ ; -

MOdulueofrnpture . . . . . . . . . . . . . . . . . !4

%%!?. ::.:!::!d.::::: :::-:: --:----

?.2P$GK:::::::::::::::::::::: 2 94.2 ~ fgf 94.0

3~c:):iF:6Gti:dii6GiE:: :::::::::::::: ‘“id . . . . . . . . . . l’!%; . . . . . . . . . “%! :..?.:. ‘“% ::::!!! ‘R!

(F3)-INNER PORTION.

1 I tilnrunss. [ KfInrtrnw. I KfInnm91. I KNrlnrnw.

T ““””
Proprrty. F

E ExF
. —

Per cent. E I ‘XF +~m- “A”#
Modubofruphlre. . . . . . . . . . . . . . . . 2 104.9 a
MOduheofelaetleity. . . . . . . . . . . . . . . . 4
Work

M. 2 q
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a

~o- -

E::i&;;::::::::::::::::::::::: !2 -

3:3%$---””----””--”------”--;--welghtedar~e E.. . . . . . . . . .. . . . .-:+f “>?1::::::::::1. “?Lal._...l_l..l . . . ... . . ..l um.6

F- Welzhttruz factor

4.6 . . . . . . ..- . . . . . . . . . .

1

107.SI 21
. . . . . . . . . . . . . . . . . . .

?..

2: . . . . . . . . . . . . . . . . . . . . ?4.6 t
a o . . . . . . . . . . . . . . . . . . . . 1
5.s . . . . . . . . . . . . . . . . . . . .
+; . . . . . . . . . . . . . . . . . . . . . . . .. . . ...] 1,455.?

.-
E- E5efency-

Inqmmement ratio for Prop@y of kiln dry
~promrnent .mtiofe+mrne property of emrespondhrgetr dry

TABLE 8.—E&tmGrhqfkibt ~itka 8pruc#h@rkW 604.-ibIcm bolti.
(A)-f)UTER PORTION.

-1mln.S.1 “KOnrnnw.
Ropert y. lFlni--

[

Per ceot.
Afedulusofruptmra . . . . . . . . . . . . . . . 2 llm.9
3+o#mofeLz%idly........ . . . . . . . . 4 110.0

............... .... ............ 3 101.2
3 93.1

~mm;;~;i::::::::::::::::::::::: 2 Wlb

g::;]:5@:wi$ti-2;;~;E:: ::::-::::::::

213.8
44&o
363.6
294.8
lm o

1,444.7
Im. 2-7

P(5 CML -
MM9
101.9
102.a
03.6
w. 4

. . . . . . . . .

. . . . . . . . . .

213.s
407.6
2n9.9
271.R
19L8

1,8%7.9
9U7

Kflnrun 91.

ZP

‘“1% m:
1%: 466.0
114.2 2U6
Q2.6 186.2

.. . . . . . . . . l,tm.o

.. . . . . . . . . 112.7

(B)-INNER PORTION,

Kilnrun94.

+

.——

Per cweJ
17s 4

w: 5 S8zo
247.2

1%; W. o
l(nl o

. . . . . . . . . S,?j$\

. . . . . . . . .

.—

..— —

KIlrrrnn 98. Kflurunw.

EIExFIE ! ExF
—t-
Per C4nt.

929

%$:
la). o
lca 5

.........

.........I

._. -

.-.

Tl
Per CaIt.

186.8 lm. o !XnO
870.0 95.0 W3.o
m. 2 %2
3flJ.o Iti : 8426
2H. o us. o

1,%1.; . . ...!!!. l,sm. s
. . . . . . . . . . 82.0

———

—

I I I

‘“*Y:‘-“~:$!*F:‘a-:: “-Moritdusof rupture. . . . . . . . . . . . . . . . . 2
Modohrsofele,etkhy... . . . . . . . . . . . . . 4
Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

&ii%%E.-:.-.-.:::::::::::::::::: 2 82:1 , ?g: - %’:6 lWO ..:...:.:. _:::::::: 119.7 289.4

;(:;:fiYF:GGYz;<i;&iE :: :::: :::::::::: . . . . . . . . . :

. . .-
F- Wefghting factor

EmEt%cfency=
Impm&ment ratio for property of kiln dry

Improvement ro~o fq cameproperty of ~.r~pmding air dry

1S6990+O+
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Tables 7 and 8 prtient data similar to those of Tab@ 6, but derived from figure 9. They
show efficiency tigurw for various smaller groups of mrderial. Tables 7 and 8, M would be
expected, disclose considerably greater variations than are shown in Table 6. The avtirages
naturally show variations from those of .Table 6. In no case, however, is the drop of these
averages below 100 per”cent serious. Some rather low “efficiencies” for individual properties
are found tiong these &rres for smaller groups of rnatmial. It is notable, however, that
there are few cases in which both work to maximum load and drop, or both modrdus of rupture
and maximum crushing strength, fall low. It is doubtful also whether such variations as are
found in these tables can be supposed to be the result of the kiln procwms. It is more prob-
able that they result from actual inherent- differences between the kiln-dried and air-dried
material. Such differences are more likely to occur between small groups than between Iarge
ones. In other words, the differences between small groups of tests are likely to have littIe
meaning, and conclusions as to the effect of the kiln prowses can beat be reached from con--.
sideration of the larger groups.

Table 6,. then, leads to the follo~” conclusions, which are pract&ally the same as those
previously stated:

1. Runs 88, 91, 93, and 94 have produced materi~-qu~ or SUpSrnOi~-ma~ri~ tit was
air-dried.

2. Run 89 is probably the poorest of the &s, but may be cmsid&ed practically equal
to the air-dry.

From Nos. 1 and.2 would foIIow:
3. Within the limits used, 115° to 180° F., W s~ength prop&ties of Sitka spruce are

independent of the temperature of drying (but see follo@ng paragraph).
As has been mentioned, it is to be expected that a given process or set of drying conditions

will have a different effect on different groups of material from the same species, and that it
may be possible for a process to be safe for one group and very damaging to another. This
expectation has been fulfilled in this series of test% and consideration of some of the runs yet
to be discussed necmsitatee a corwiderable modi.fication.~f conclusion No, 3 above. —.

DIsCUSSION OF BUNS FOR WEIOEDATA ON MATOE3D ~-DRLE,V MATEEIAL ABE NOT YET AVAILABLE.

Consideration is now to be given to matarial from additional kiln runs. Air-dried material
matched to that dried in these runs and tested is ncrhyet available for test.

Runs 14?’ and 148.—Two of these runs (147 and 148) are particularly worthy of
attention.

Run 147 was made on pieces 2* by 2+ inches in section, by 4 feet long. The temperature
was 130° F. at the beginning and 150° F. at the end. The humidity- and steaming treatments
were so regulakd as to keep c~ehardenigg at a m&m~... Rug 148 was on matarial from the
same logs as run 147; material was in the form of tide planks 21 inches thick and the tempera-
tures were 160° F. initial and 180° F. final.

Strength data for these runs are given in Tabb 1 and 9. Improvement ratios are shown
in Table 5 and in ilgure 8. These improvement ratios are based on W the material in each
run as compared to corresponding green material~and serve for a general comparison of these
two with Otb?r W* --

.



TABm 9.—3iedum%aZ propertth of Bitka 8prucc.

EPWMtsbIe for oanparfng kiln rons 147and 14S,shipment M$.1

$5

I I 6tatfo Irendfng... —. .,
1 I 1“

“1 -MofEtm’e.l
I

Bpxifio gravity.: Mrdpdc’fof

I
3ylIouy;f Work ym&dmun

Kflnrnns. Wed snd bolt.
.

1 J“ Incb-
Poundt Pounds p%% J’% ~1% pound$

wi~ ~~~r ~~y {&y %%? wh~
P6r gtii Per Cmt.

. . . . . . . . . . . 0.446 0.423
:s-

ll,hl
lli6 2: 1~1

e,si’o 1,% 1,746

147. . . . . . . . . . . . . . . . . . . . ~ ~“.”””--”-”””
.404 .8s2

. . . . . . . . . . . . . . . . . . . .

1:; 22.2 .410
6,72a 1,828 1,7W

.292 It% 6,0s0 1,802 1*W
7.4 4.90

... . . . . . . . . .
6 o-d.. . . . . . . . . . . . 87.4 .6s0 .W 9,W?I 6,= 1,430 1,166

... ....... ..........

I
7.7,

6.W

Average .. . . . . . . . . . . . . . . . . . . . . . . . . 10.4 86.6 .412 .Xll 10,222 6,m 1,466 I, W4 7.6 6.40

c-d ... . . . . . . . . . .446 .4H 10,914 6,679 )C?& )eJ&

148(outer portion) . . . . j ~------o----

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . .
5 A.... . . . . . . . .

g ~:~ :% :$j ~~ ~g @ I@ . . . . . .. . . . . . . . ..

Avara@ .. . . . . . . . . . . . . . . . . . . . . . . . . . 10.9 SS.6 .432 .678 10,229 6,042 1,6m 1,440 7.8 6.28

Kiln rnna.

147. . . . . . . . . . . . . .

Avurr@...

Mssynter pm
. . . . . . . . . .

AverwI...

. . ..—

1 I I I I I 1 I I I 1’ _-—

I Impact bending, lwponndtiw. I c4mprasibnpdIeItu.@u.

kit. II 1

44 *run147 Qrwn. run 147
or 14s. m 142.

— —

H+-
Pcr1y6. Permq

1 c-d- . . . . . . o:%
z a-b... . . . . . 1::: 26:0
1C-d... . . . . . .421
5c-d.. . . . . . . 10:4 2: .200

.. . . . . . . . . . . 10.1 25.1 .419

1c-d.. . . . . . . 11.2 87.8 :~
2s-b ... . . . . . :$: 21.8
? O-d_ .. . . . . a6.4 .U4
5C-& .. . . . . . 12:o KL6 .288

.. . . . . . . . . . . . Ill 84.1 .4M

Gr@3n.

o:~o

.324

.869

.6ss_

:%
.296
.862

x

===1 ‘-1 b’--+==w”- ‘-
Kan

rnn 147
m 148.

Id.%
6s.0

:!

.30.6_
29.0

a:
16.0

24.0

1111 IPmHld4

yi.gi P8ruy: Pcrm~ ‘i%
0:$2iJ 0..

19.2 10:8 87:2
fj~

m. o 11.6 g.: .416
#

!M.4 10.6 . .294 :%! %!m
&e%n.

Poundt

‘ii%
3#3&
#w

-
2,a64

—
il,aw
2,s27
2,0?3a
2.747

-
2,826

.. .. —- ______—.. .

Figures better suited to the comparison of runs 147 and 148 EN%given b, Table 9. lin-
provement ratios derived from them are given in Table 10 aud graphed in @@e 10~- These
data difler from those of Tables 1 and 5 and figure 8 chiefly in that min 147 included no material
from the central portions of the various bolts, EOthat in-raakigg Tables 9 and 10 and @gure 10
tests on material from such central portions dried in run 148 were excluded in @i& to get the
best possible comparison of the two rum.

. .... . . ... . .
. . .

. . . . . . .-

.,.



:

,

x J 1- 1 1 I t
7 I

u

?

7
1

i }4
2 -d *1

9
I I

71
I I I I I

Y I WW 14 I

m ,, I I

I
I I I I I H lJ r Ilm 1

s! I M T“ , 1 1 11 I J I 1 #u ! 1 I 1 1 1 1 1 1 1
lL4q II

\ I
i

4 I I If 1+ I

,, 1

fl
I 1 11 # 1 1

I I+ II
1 # .

7

I
!

7

e
1

9
I 2C:.

I v
e J }5 ‘@l Q

I Mwl I I II I I IJ 4,-

1 I
I

P==/4
,A,

7 I I I II I I
I “I}kkdm ,,

I I I I I

1 i I I



-O?t OF.Km Dhl?lXG ON Si!RI#NGfEI Oti ~iiAif13 llklODS. 87

damaged the material in work h maximum load and height of drop 1as compared to similar
material teatad after @g ti. ruu 147.

That the rawlts of run 147 are in all probability E&&Iy satisfactory is cormludedfrom com-
.

parison with the groups d air-dried .ma@rial (@, 8)2.
Runs 163, 171, and 17,%—3hms 171 and 172 compare very favorably with the other ru&

and with groups of air-dried material, excapt in height of drop, where they seem to be quite 10W.
Run 163 seems to fall below runs 171 and 172, an~ in fact, below a number of the

groups of material graphed in @we 8. No d&ite conclusions concern@ these runs can be
drawn until the corresponding air-dried material has been @steL.

.
GENERAII00MPARIS.ONOY BUNS.

Table 11 affords a means of comparing all runs. Itismade upinamannar similarto
Table 5, except that it gives for each run i weighted avqrage improvement ratio instead of a
weighwd average” eiTi&ncy.” “Ef6ciency” figures cannot, of co-, be obteined in advance
of tests on corresponding air-driad matial.

Table 11 indicates practically the same thing as has been brought out previoudy with
respect to the relative merits of several of the kiln rum. It does not, however, indicate u
appreciable difference between rum 147 and 148. It indica~ that 163 is the poorest of all,
and rather distinctly inferior to air-dried material. Very. probably the apparently wry poor
results on run 163 are only an example of variability explainable through tie fact tiat ~ 163
was on difkraut material from the other rwis. Runs 163, 171, and 172 were made on material
from the same shipment, but 171 and 172 involved other trees than 163. Figures such as are
given in Table 11 furnish quite accurate comparisons between two or more groups of material
from the same trees. Comparisons between groups of material from different trees must,
however, be modified to take into account the variations which me likely to occur.

!l?AB~~lL-Sitka 8pruce-Aw?’age improwment TatioaJm all kiln nm and seoeralgroups of &-dried material.

.

. ..— —

KIInnmza.

HI’
3’xR R FxR R

8.62 l.ao 3-W Laa
6.20 Lls 4.72 1.29
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Plataa I to IX; inclusive, show failures of impackbending sticks &cm various kiln runs
‘and from some a&dried mat.arial., Plate I, II, and III, pertaining tQrun 148, are of par~cular
interest. The po@ble. value and interest of such photograp~ was not suggested until the
time of the kting of these sticks. It is unfortunate that simihir phptggraphs from earlier ~,
particulmly 147, are not available.

Of the failurea shown in Plate I morci&an ondhird would be judged to be of the highest
type and in no way indicative of the brashness shown by the data of Tables 9 and 10 and fig-
ure 10. In Plate II but one oi two of the failures are at all indicative of brashn-, and it is
&fEcuIt to believe that this material has been injured. That such is the case, however, seems
to be very definitely shown by the test results. AU but one, or possibly two, of the failures
shown in Plate IILare indicative of very poor material.

Plates IV to VII show failurea of sticks from runs 171 and 172, and of corresponding green
sticks. Failures of airdried sticks cormponding to kiln runs 88 and 89 are shown in Plate VIII,
and to runs 91, 93, and 94 in Plate IX. Comparison of these various photographs fails to in-
dicate any difference between the air-dried and kiln-dried material with respect to types of
failure.

Plates I, IT, arid III as brought out “by the comment on them and comparison with the
strength data show that reliable conclusions as to the effect of kiln drying can not be attained
by inspection of failures.

*UMfi FORSFI’KASPRUCE.

Because of the importance of Sitka spruce as an airpkme material, and in order to set forth
the methods of analysis used and to illustrate the dMcnlti* met and the caution necessary in
making such an a.naIYsis,the data on Sitka spruce have been discussed in greater detail than is
considered necessary for the other species,

Data concerning 10 kiln mms are prmented. ‘Il@$e 10 runs kclude 5 rum, material
from which is compared to matched material tasted after ah drying, and 5 for which data on
matched air-dried material are not avati.ble. ,.

It is 8AM emcbtively ttit ~ti~~ 8j??We can be Wn dti WithW~ t088 Of8ti’8n@a8 C(WllfXMWd

“to air dying.
~ conimction with thisand other conclusions stated in this report it is desired to call ati@-

tion to the fact that the material which was W dried & compared to material air dried under
conditions probably much more favorable- to good residti than is ordinarily the case. This
material was dso ak. dried in sm~ StiCkS (24 by % infiss ~ CrOSS-SeCtiOII)”~ Proced~e
is undoubtedly more favorable to the retention of maximum strength than is air drying in wider
planks, as is ordinarily done. Ih”“fact, casehardening of sticks of this size was purposely
attempted in one kiln “run (not discussed herein) but wit&out success.

Data on the first five runs fafl to disclose any consistent relation between the temperatures
used in drying and the strength of the resulting material, and tak6n by themsdv~ would lead
to the conclusion that. tempma~m UP~ 180° F; ~ ~@”s~cJY~d~ mere is~howev~) q~~
conclusive evidence of. damage to material dried h. one .of the other runs made with temper-
atures between 160° and 180° F. Taken as a whole, therefore, the data presented do not justify
the use of temperatures as high as 160° F. Defhite evidence as to whatis the critical tampe~
ature which should never be exceeded is not aflorded.

It~8 b~lW, ~, tit th hti pp~e~e~ j~ti i~ dd t~ the ~zwvi~~ of
epetij$cdion ~6(WA (lXl” F. intil to I.@” F. .@z@ are &rely eqf+.

There is no evidence of the ext~~e brfi-. wM~ h-. bwn x~ to r~~t from *

RicoxuMimnrtiNs. -
.-

Because of the possibility of damage from higher temperature and the fact that as the
scheduled temperature is increased the danger of damage through accidental departure from
schedule increases, it is recommended that the tempera~wes of Table 1 of Spe@cation 20500-A

(see Appendix A of Report. No. 66, “l$iln Drying of Wood for Airplanes”) ~ not exctwded
in the drying of Sitka spruce for airplane stick.
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PLATE I.—FAILURES OF IMPACT-BEND[NG SPECIMENS, SITKA SPRUCE, hLN RUN 148. —.,



PLATE 11.—F.AILURES OF lMP#iCT-B~NDING SPECIM-:M,_SITKAJ:_~RUCEI KI LN RUN 148.



PLATE 111.–FAILURES OF IMPACT-BENDING SPEC[MENS, SITKA SPRUCE, KILN RUN 148.



PLATE IV.—FAILURES OF JMPACT-BENDING SPECIMENS, SITKA SP~~CE, GREEN, MATC”HING KILN RUN 171.



PLATE V.—FAILURES OF lMPACT-!3ENDi NG “~P~CltiENS; S[TKA SPRUCE, KILN RUN 171:



PLATE VI,-FAILURES OF IMPACT-BENDING SPECIMENS, ”SITKA.SPRUCE, GREW, MATCHING KILN RUN 172.



PLATE VI I.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, KILN RUN 172.



PLATE VI I[.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, AFo DRIED, MATCHING KILN RUNS
88 AND S9.
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PLATE 1X.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, AIR-DRIED, MATCHING KILN RUNS
91, 93, AND 94.

.



EFFECT OF KILN D13YING ON STRENGTH OF AIBPLAN13 WOODS.

DOUGLASFIR.

SOUECEOFMATEU

The material for the four experimental rum on Douglas fir was derived from 10 trees
which were growg along the lower Columbia River, in Clatsop (lcmnty, Oregon, at an elevation
of about 1,600 feet. Each tree was represented by two 8-foot logs, an upper bolt (7A, i-j, or
m-n) and a lower bolt (a-b), making in aU twenty S-foot bolts. The logs varied in size from
31 inches to 39 inches in diameter and were from 300 to 35o years old. This material con-
stituted shipment 523.

The logs were sawed int.a 2-inch and 3-inch planks of various widths. Specimens for test
in the green and air-dried conditions were obtained from two tlitches extending from side to
side and nearly through the center of each S-foot log. & fig. 1 03).) The sticks from each
8-foot bolt were grouped as outlined on page 15.

The remaining material was divided among the four kiln runa. Figure 1 (B) is an example
showing how planks for test after kiln drying were selected. Figure I (D) shows how th~e
planks were divided int.a test specimens and how the latter were marked. Table H is a
schedule showing the distribution of material from these 10 trees among the four kiln runs.
Previously tested green and air-dried material, with which comparisons are made, was secured
from two trees from shipment 316, two from shipment 31s, and one from shipment 354.
Theee shipments were from Lewis County, Wash,, Lane County., Oreg., and Humboldt County,
Calif., respectively.

TABLE 12.—Dougtasj$r. N@ment 5.2s. List of tnw and bolts to dww whit%bolts wsrarepremntedin thevonha kiln runs.

Trwand Mt. Kanrnnw. Kiblnmlol. Kilnnrnlm. KiInrnnlm

la-b . . . . . . . . . . . . . . . . . . . . . . . *

1i-j . . . . . . . . . . . . . . . . . . . . . . . . *,

2a-b . . . . . . . . . . . . . . . . . . . . . . . .*

Zk-l . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .

8a-b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8m-n . . . . . . . . . . . . . . . . . . . . . . ●

4a-b . . . . . . . . . . . . . . . . . . . . . . . *

4h-i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5a-b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5h-L . . . . . . . . . . . . . . . . . . . . . . *

4a-b . . . . . . . . . . . . . . . . . . . . . . . ●

6i-j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7a-b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
?i-j, . . . . . . . . . . . . . . . . . . . . . . . ●

8a-b . . . . . . . . . . . . . . . . . . . . . . . *

8h+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9a-b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9k-L . . . . . . . . . . . . . . . . . . . . . . *

10a-b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10h-t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

* .............. ..............
* .............. ............,
● ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✌

✎✎✎✎✎✎✎✎✎✎✎✎✎ ● ☛

● ●✎✎✎✎✎✎✎✎✎✎✎✎✎

☛ ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✎

● ✎✎✎✎✎✎✎✎✎✎❞✎✎✎✎✎✎✎✎✎✎✎✎✎✎✎✎

✎✎✎✎✎✎✎✎✎✎✎✎✎ ☛✎ ☛

✎✎✎✎✎✎✎✎✎✎✎✎✎ ☛ ☛

☛ ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✎

☛ ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✎

✎✎✎✎✎✎✎✎✎✎✎✎✎ ☛ ☛

☛ ☛✎✎✎✎✎✎✎✎✎✎✎✎✎

☛ ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✎

☛ ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✎

☛ ☛✎✎✎✎✎✎✎✎✎✎✎✎✎

✎✎✎✎✎✎✎✎✎✎✎✎✎ ☛ ☛

● ✎✎✎✎✎✎✎✎✎✎✎✎✎✎ ✎✎✎✎✎✎✎✎✎✎✎✎✎✎

✎✎✎✎✎✎✎✎✎✎✎✎✎ ☛ ☛

☛ ☛
✎✎✎✎✎✎✎✎✎✎✎✎✎

39

.,
L 1 n 1 I 1

*Indicates that mstdalfronr the bolt Ilqtedat the loft was inobrded in the M.bIrun whcaenmnk a- at the top d the ookunn.

DESCRIPTIONOF KILN-DBYINGCONDITIONS.

Figure 11 is a graphical representation of the kiln conditions and of the moisture contents
of samples of the stock for the four runs 99, 101, 102, and 103.

In every case material went inti the kiln soon after cutting from the log and before any
appreciable drying had oamrred.

lZiZnrun 99.—The charge for run 99 consisted of two hundred twepty-nine 2 by 3 inch, 4
by 5 inch, and 3 by 4 inoh pieces. Arrangement of the kiln waa practically the same as shown
in figure 7 (Mn run 147), except that the stock was flat-paled with 2 to 3 inches between the
pieces in each layer. Two-inch stickem were used.

After a preliminary steaming at 130° F. for four hours, drying was started at 120° F. and
about 90 per cent relative humidity. Temperature and humidity were gradually changed, as
shown by the curves, to about 125° F. and 55 per cent humidity at the end of the ruu

.——

—
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Casehardening, though not apparent d the close of the ruq was discovered after removal
of the material from the kilu It was t-maordi@y reloaded, steamed for two and em-half
hours at 150° F. for the removal of casehardening, and i@n redried.

Inspedion showed Ihait less.than I per cent degrade occurred in this run.
Kan run 101 ,—Run 101 was made in. a ourtain kiln the arrangement of which is shown

iu iigure 12.
The oharge consisted of 2-inch and 3-iich rnateri~ of various widths and derived from

the same bolts as that for run 99.
Aftex a preliminary steaming at 120°”F. drying wh begun ati105° F. and 80 per cent

relative humidity, These conditions were.gradually chnged, as shown by @ure 20, to 1200

80
80

&

&J30
$%

o

01234 S6789.0# 1213 M16k?17
MY9 IIV KILN

70
60

m

0

I I I I 1 1
l.k

1!!!!!1 I
012 3 4S6788 O 12 8456788 BN1213WEMRt8B~21=~

DAYS IN KILN DAYS IN KILN

FIG. 11,-Kiln mmlltlom [m Dou@M JIGkiln mm 8$,lm, 10’2,and lm (shlynent 623).

F. and 40 per cent relative humidity at the end of the run. Weaning at 133° F. was used
on the sixteanth day to remove casehardening.

he than 1 per cent degrade o~~~~~ shown by inspection before and after kiln drying.
BIJnrun 102.—The arrangement of the kiln for run 102 was praotbally as shown in figure

.---——-... .

5 (run 89). ‘ The stock oonsisted of 2-inch and 3-iJ3c13@@ _of vI@oys widths. After Pre-

liminary steaming at about 165° F, the temperature ww rsised to abaut 180° F., where it was
kept for the remainder of the run. The initial humidity (after sfieaming) was 8Q per-cent,
Steaming at 180° F. was usqd once to remove casehard~irtg. ‘

Kiln run lQ3.-Figure 13 shows the kiln mrangenmnt for run 103, The stock was 2-inch
and 3-inch planks of various widths. Mm preliminary steaming at 138° F. drying was begun
with. a temperature of 117° ,F, and relative humidity of. 85 per cant, These conditions were
gradually changed to 142° F, and about 37 per cent relative humidity at the olose of the rum
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THE Alit DRYING.

Test specimens 2f, by 2+ inches hy 4 feet, matohing the various kiln runs, were air dried
for about eight months, from February, 1918, to C)ctiber, -1918, under praoticdly the same
omditions M similar Sitka spruoe specimens (see p. 25), when they were found to have reached
practicably oonstant weight. The average moisture oontant ~t time of stqring was about 31
per cent. The moisture oonte.nts of the samplea at the end of the air-dryiug periods were

m..

about 12 per cent. T
STRENGTHDATA.’

Table 13 gives the average mechanical properties of the green and air-dried Dougltw fir
previously tested (shipments 315, 318, and 354); and also-by butt and upper bolt classes—
of material from kiln runs 99 and 101, and from runs 102 and 103, with green and air-dry to
match each pair of kiln runs,

TABLE 13.—Awmge mechanical propdea of Dough&. ( Taindatkms of w multi witkui miahre ad@htent.)
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TABLE M.—Anmage meoluzn{cd properties of .Douglmf%-Continusd.
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la 9
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l%
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~~
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rrmr
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and
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1,::
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1;:
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.M
7,440

-.. . .
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m
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j;
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Table 14 presents the average improvement ratios for the more important properties of
the various groups of air-dried an~ k.ilnhied material. These ratios are derived &orn Table 13
and are given both with and without adjustment to a uniform moisture content (11 per cent).

TABLE 14.—Ammrgeimprownwnt ratioi?of Doug.hJr (with and without adjwtment to 11 per cent moietwe).
-.

[Shtpment 523.]
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I. R%proveonent mffO.

The improvement ratios from Table 13 are graphed in figure 14.
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PrG. 14.—Improvmnent ratios for oompsrison of kiln-dded and 8fr-drid stwk, Doa@m Er.

Table 15, similar to Tablw 6, 7, and 8 for Sitia spmce, give effi~ien~iesfor uPPer aud lo~cr
bolts, respectively.

TABLEL5.-Efi fork.?n r74n8 on Dough@.
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Inspection of @e 14 hdicatee that of the four kiln rune, 101 alone has given remdte
which can be considered, fully equal to air drying. This run falls below the corresponding
air-dried material in three instances: Modulus of rupture, modulus of elasticity, and work to
maximum load, all for material from upper boltp. The defkienci~ in these htancee are so
smaIl that they are entirely offset by superior excellence in other reepecti.

Further inspection shows that run 102 is very consietintly, modulus of elasticity being the
only exception, inferior to the corresponding air-dryj and is, upon the whole, the poorest of
the four rune. These conclusions are supported by the i@res presented in Table 15. Air
drying is taken as the standard of eiiiciency, or 100 per cent. The efficiencies of air drying
and of the several kiln runs, the latter as obtained by averaging the @r& of Table 15 (A)
with those of Table 16 (B), are ae follows:

PaOerlt.
fi* . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0
KIIlrun 101............................................................ 102.4
~mn99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97,8
~nm103 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.1
~m102 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i . . . . . . . . . . . . . . . . . . 92.7

Reference h figure 11 shows that the above list is in order of increasing temperatures; i. e.,
as temperature increases, efficiency decreases.

If the values for efficiency with respect to work to mwrimum load and maximum drop
only, as given in Table 15 (A) and (B), be averaged (without weighting) we get+-

P8r Cant.

tiM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0
~nmlOl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.6
~nm99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98.6
Hnm103 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95.8
~nm102 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S6.6

The order iBas before, and the deficiency is less in runs 99 and 103, but somewhat greater
in run 102.

These figures all point to a rather defiti r~ation between strength properties and the
temperatures used in dry@ In no &se is the deficiency snilicient to be considered an obstacle
to the use of such material for ordinary purpose9. However, any failure to equal air-dried
material must be looked upon with considerable suspicion when stack is to be used for aircraft
construction.

‘l%ete of the effect of various steps of preservative treatment on Douglas fir have shown
that this speciee k_eepe.ciajlysusceptible to injury by high tempemturea. Data on such tests,
together with those given herein, furnish. the following for correlation of temperature and
strength:

ImIl#OJa-1 RefereE@. I wdnlo9ofruptore.s I

1Thf9 is thn temperaturerrpplfed to greenwood.
2 In rom.agw ofoontrolmatarisl.!ftU. . De@rtme.nt of A@oulture Bull. No- =. Stran@JITests of Stmotmid Tfmbera Treated by ComrrrercfalWA Rmervtng Rote.ssm

(~~~ti-~~&QMpwm andm”,.formhours.)
&at XI-PoundIuesaurrIfar flva hours.

~BuM.No. Z&XB89ult8from 8pmInMIM-ted ggwrr @ t6@ad ran Uter UMUWL
~BolLNo. Z&&Results fromkstamade attsrthrmrghairdr yiogfoflow@trmtm@.
~RemItsof6 rJld6avam@.

—.

. =_—

These data are plotted in @ure 15. While the tests of Bulletin No. 286 are probably
not exactly comparable to those described herein, they furnish basis for an estimate of the
effect of still higher temperatures than those used in the kiln runs herein discussed.



The data on the four kiln runs as given in Table 15 (A) and (B) and as presented in figure 15
indicate that 120° F. is about the critical temperature for Douglas fir in the green state. The
data drawn from BuUetin No. 286 by showing a continual decrease of strength properties with
increase in temperature support this indication.

@NCLUSKONS.

In view of the points brought out in the abcwe discussing th~e conclusions are reached:
(1) There is a quite definite relatiou ,betwwm the strength properties of Douglas fir and the
temperatures used in drying it. (z) About 120° .F. is “thecritical temperature above which
damage is likely to result,. (3) The decre~e of stre~th propertks with increase in temperature
is gradual. (4) The maximum damage to be expected from the use of Table 1 of Specification

—

205004 does not excead 5 per cent. Xn SUprobability the susceptibility to damage by heat
decreasesas the moisture content decreaws, so that even this damage is not realIy to be expected.
(5) When maximum safety is desired, as for aircraft materisl, it seems doubtful if the temper-
ature of 120° l?. should be exceeded befo~e the material is reasonably dry. (6) It is to be
expected that Table 2 of Specification 20500-A wilI produce material ffly equal to that air dried.

RECOMM_A’J!iON&

It is recommended that the temperature of TabIe 2 of Spe.dcation 20500-A shouId not be

exceeded in drying Douglas fir for maximum strength value. Humidities used should be such

as to keep checking and casehardening to a minimum. Steaming as permittad by Specification
20500-A would be expected ta have no harmful effect.
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WESTERNWHI!I’EPINE.

SOURCEOFMATERIAL

Four experimental kiln runs have been made on material from two shipments of logs.
Shipment 488, which furnished stock for ldn runs 95 -and 1101consisted, of .loga from 24 trees
cut in Idaho. These logs were 10 to 20 inches in diameter tid too knotty i.o be consider~ of
sirplsne grade. Test specimens were, however, so selected as to be unaffected by the defects
and were representative of the clear wood.

Shipment 57o fu@shed stock for kiln runs 149 and 150. This shipment consisted of
seventeen 16-foot butt logs sent to the Laboratory from Keeler, Idaho. These were of better
quality than the previous shipment and were 18 to 36 inchee in diameter.

Data on these two shipments are compared with data from green and air-dried material ,
from one log of abipment 224. This shipment came from Missou.laCounty, Mont., and was
tested prior to the beginning of the present series of tests.

CUTTINGOFSlllOE.

The logs of shipment 488 were cut into 8-foot bolts, which were subdivided similarly
to the logs of commeroi~ white ash. (See fig. 10J The resulting planks were cut into 2 by
3 inch, 2 by 4 inch, 2 by 5 inch, and 3 by 4 inch stook.

Table 16 shows how the material was divided for drying in two kiIn runs,
The 16-foot logs of shipment 570 were sawed in a manner similar to that shown for Douglas

fir in figure 1 (B). Material for &t green and after air drying was derived from a 2+inch
fl.itchextending through the center of each log. Half of the remaining material from each log
was dried in the form of 23-inch phmks, of various widths and 16 feet long.

DESCBIPTIONOFKILNDFtl!INGC0ND1710NS.

Figure 16 shows graphically the kiln conditions and the moisture contents of samples of
stock for the four runs 95, 110, 149, and MO.

Run 96.—The charge consisted of 2 by 3 inch, 2.by 4 inch, 2 by 6 inch, and 3 by 4 inch
pieces derived from shipment 48& (See Table 16.) The arrangement of the kdn was much
as for run 147 of Sitka spruce (see & 7), except that the material was ffat piled. The piling
was open (2-inch stickers and 2* to 3 inches between the pieces in the layers), with the 2-inch
stock on top of the 3-inch.

Tam l&-~eatan w~tiepine-$hipm.ent 488-List of bea and hoh to 8k?W wkkh bolt8 wee repraenk$ in each kiln run.

la-b................ *
2a-b . . . . * . . . . . . . . . .

20-d . . . . . . . . . . . . . . . . ●

8*b . . . . . . . . . . . . . . . . *
4a-b . . . . * . . . . . . . . . . .

4e-d . . . . . . . . . . . . . . . . ●

6a-b . . . . . . . . . . . . . . . . ●

6a-b . . . . * . . . . . . . . . . .
6A.... . . . . . . . . . . . . ●

7a-b . . . . . . . . . . . . . . . . ●

8a-b . . . . ● . . . . . . . . . . .

804 . . . . . . . . . . . . . . . . *
9a-b . . . . . . . . . . . . . . . . *

lea-b . . . . * . . . . . . . . . . .

loo-d . . . . . . . . . . . . . . . . ●

Ila-b . . . . . . . . . . . . . . . . ●

laa-b . . . . * . . . . . . . . . . .
lle+l . . . . . . . . . . . . . . . . ●

47
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—

IITme&d Km&no xihloun

. .

18a-b. . . . . . . . . . . . . . . . . *
14a-b . . . . . ● . . . . . . . . . . .

1404..... . . . . . . . . . ..- ●

16a-b. . . . . . . . . . . . . . . . . *
16a-b. . . . . ● . . . . . . . . . . .

160-d. . . . . . . . . . . . . . . . . *

17a-b. . . . . . . . . . . . . . . . . *

18a-b. . . . . * . . . . . . . . . . .
1804..... . . . . . . . . . . . . *.
198+. . . . . . . . . . . . . . . . . *
20a-b . . . . . ● . . . . . . . . . . .

zoo-d . . . . . . . . . . . . . . . . . *

ha-b. . . . . . . . . . . . . . . . . ,*
%?a-b. . . . . ● . . . . . . . . . . .

?.20+ . . . . . . . . . . . . . . . . . ●

?Sa-b . . . . . . . . . . . . . . . . . ●

24a-b . . . . . ● . . . . . . . . . . .
14e-d . . . . . . . . . . . . . . . . . *

1 I 1, . . -.. .-

*Indicates that rnatdd from the bolt Mod at the left was represented in the kiln mu whose number sppeara at the tip of tbe eolnrnn.
Materfal waetakem fiOlr3each hit fortede h greenandair-dr@dQdfth. .
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The run was begun with 4* hours’ preliminary steaming at 900 to 135° 1?. Temperatures
and humiditi= were as shown in figure 16. TIM irregularities in these factors during the fit
few days were due to derangement of oontro~ app@us. + sho~- by the curves of figure
16, the samples of 2-inch stock reached .a satisfa@ny &neM and it wae removed from the
kiln three days ahead of the 3-inch stock. “- “’

Considerable trouble was experienced from lack of u@formity in drying, This was largely
due to wide variatiom in the initial moisture content of different pieces and to amamntlv
nonuniform distribution of moisture lenthwise of individual pieces. “

.- .

Some alight evidence of casehardening wss found nem the end of the run. It was not
sufficient, however, to necessitate steaming.

Run” 110.—% charge for this run,--.” for 95, was of 2 by ~“”inch, 2 by 4 inch, 2 by 5
inch, and 3 by 4 inch pieces derived from shipment 438 (see Table 16). Arrangement of the
kiln arid piling of stook was quite similar to run 95. Spacas between pieoea in the layers were,
however, ody one-half to three-fourths of MIinch.

After preliminary stesm.ing at 135° F. for 18 ho~, drying conditions were established
and continued w shown by figure 16. As in run 96, considerable trouble was experienmd
because of nonuniformity of moisture distribution in the charge. This condition obtained both
at the beginning and at the end of the run. The closer piling was perhaps in part responsible
for the longer drying period than in run 95. Furthermore, because of the very high moisture
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oontent of one sample, raising of temperature and lowering of humidity were delayed longer
than in run 95.

Run l.@.—The charge consisted of 3 by 3 inch, 3 by 5 inch, and 3 by 8 inoh pieces, 16 feet
in length, derived from shipment 57o. Material was flat piled on Ii-inch stickers with 2-inch s
spaces.

The very long time required for this run is due hwgely to the fact that it was made in an
experimental kiln in which a fan circulatory system had been devised and which had not yet
been rendered controllable. Circulation was very poor and remhd in nonuniformity of tmn- -
perature between different parts of the kiln. Slight casehardening was relieved by steaming for
one hour at 185° l?. on the thirtieth day. Y/o casehardening was evident at the close of the run,

Bun lJO.—The charge consisted of 3 by 3 inch, 3 by 4 inch, and 3 by 5 inch pieces, 16 feet
in length and of various widtha, derived from shipment 570. The material was close-piled on
a slant, with l~inch stickers. Material was steamed for one hour on two occasions at 180°
and 174° F., respectively, to relieve casehardening. Slight casehardening was pnwent when the
material was removed from the kdn.

AIRDRYING.

. —

—

Material was stored for air drying under conditions similar to these for Sitka spruce and
Douglas fir, as previously described.

STRENGTHDATA.

Table 17 gives the completi data available after the testing of the air-dried material
Improvement ratios derived from this table are shown in Table 18 and graphed in figure 17.

~ABLE 17.—Awrage mechamkultest waluw Oj w- w~~ne-( Tabulatbns as tested-No tijuatment for mot%tuav
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C9mprti@~arellelSt-9thbemdhlg.

T
.—. -.. . ..__ __

Mdxnurn

F%%%
ship-
ment.. e%awnillg. w~km#i.

M&..#sJl-rI&R&l y-wd

.-
1“

{
:.R.ss I.R.od LR. M
kstod. ~justed. ksted.

,R.ad
ns-todd

:.R. al
and

R.ad-
U9ted.

.— —
Pcr cf.

&a

‘~~

1.47 L42

IL 1 1:18 L M
IL8 1.17 I.ao

IL8 L80 1.a6
9.9 1.40 1.47

7..? L46 Lao

10.6 L86 1.88

= - ‘L=.-&prover

Lao

926
1 M

Pmct.
&o

11.6
lLo

12.0
a. o

7. Q

8.s

PQri.
7.0

11.7
18.0

1; ~

7.a

‘.?!.2

224 Airway. .. .. . . . . . . . . .. .

~ {%%L%:. . ......... .........-

~ {%?%iiiii::::::::::,

670 xiirlr7m 149. . . . . . . . . . . .

570 ICUnrunlM . . . . . . . . . . .

!a.01 1.87 l.!n

1.84 1.81
L 96 ?% L a4

1.19

1.87
1.88

1.40
L 48

L a4

1.So

-

1.Q5

1.7!a
L@

1.46
1.4a

l.’n

1.74

—

L 81

L 87
1.71

u

L 62

L 67

-

905

!AOa
2.Z2

a.10
a 11

au

a 51

244
zb4

.
9.17

9.40

.,.”.. . . .. ... ... . ....z~ -q

2.2$ 2.08 L&a

2.08 1,m L 38

.,. —
ent ratio.”’ ““FIkr-wtnmtion POW a.wumedtobeat 24~r oent mokture wntent.

In Table 19 and in figure 18 are @wn the ratios which were available for the fist antdysis.
These ratios. differ slighti> from tho~e in Table. 18 an-&figure 17 because when Table 18-TWIS.

/.MPAC?_
(9EM2//VG

COJWPRE.SWON
PARALLEL

WORK TOMAX.LOAD
“~..

W.r

i r

MAX,m. sT..fm-
~-.+..

wI I
t

I

-h-l tttt-H--i-

I?m.17.—Improwmentratlcs forcomp?xkonofsmups ofklln end efr dried tik, weetcrnwhM pine.

made up it became necessary, in order to secure the be@ mat@ing, to rejeot some spec.ime.na,
results from whioh had been used @ making up Table l_9.

TABLE l!3.-Awrezge irnprowrrk??ztrrdb of r.om~ w~t%pin-%~~ti and w#&mt 0dfi8twt8TLtto9 pa cent?n&lwe.)

[SMprnerlti%24and 44a.]

Statlobending. Impact bedng,
I

Compressionparallel
w-d hammer. tQgmln.

d 7

Akd.ryl

---;;------ ‘, %- 5 i < 5 4:F-”:-:

KlinrunQ6........................
Kilnnmllo-...................... ao . ~oQ 1:50 : L~ .

...
1Mr-drfedmatfiidfromeiripmentii.

,. .,...
I. R.-I&prover&t do; ‘

‘ =—s-”i



/

EFFEOT OF KILN DRYING ON STRENGTH OF AIRPIANE WOODS. 51

DISCUSSION AND CONCLUSIONS.

h mentioned on page 20, western white pine is to be used as an example of the two methods
of analysis:

1. First or preliminary amdysis based on comparison of kilndried and previoudy tiied
material by means of the incre=e in strength properties produced by kiln drying as compared
to the previously observed increase from air drying.

2. Second analysis based on comparisons of matdwd kiln and aklried material.

mm MALYSIS.

As the example of this first anaIysis, the dismssion, conclusions, and recommendations
substantially as given in a report made when the data of Table 19 and figure 18 only were
availab~ewill be repeated here.

Diacu8sion.-3?igure 18 shows that the improvement in strength properties produced by Idln drying, with the
exception of work to *mum load, ia practically as great as is secured by ti drying as determined by previous tests
from a singletree.

C$~;R::;;OfV
8~A ~f C f3EfVDIIVG

\ &
‘A?. Of R. M. Of E Mm WORK .

.
-.

J-

1 I

Fsas.-hpmwmeut ratfosfommnpmfsrmof kiln- 95 andlW Withafr-drfadg- of8prevfonsshfpmant(shfpmontw),wedern whftoplne.
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in tbia property. Mm theactusl VSIUWfor work to maximum load for tbe air-&M material of this one tres is higher
than for anyother coniferous species except tie very hew-w and dense ones, such as Iongleaf pine. FrmtJmmore, it

is the general, but not invariable, rule that deflection to maximum load should decrease in air drying. Data on

deflections b maximum load are given in Table 20.
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From the foregoing it ia concludsd that the increase in work to mazimum Id obtained from the one tree prsviousf y

air dried ia abnormal and that the improvement of the kiln-dried material in this respect has probably bun as great aE
would have resulted had the same materiaI been air dried.

Co?lckion.s.—It iE concluded, then, that in all probability runs 95 and 110have produced as good reaultaas would
have remrltedfrom air drying the same material. The conditions in th- ruti were less rwvero than permitted by

Specidcation 20500-Ain that the specification admita of lower humidities than were ueed near the end of the run.
However, the high humidities maintained until the end of the rune(in 110because of the very high moietue content of
a ein.gleeample) are not believed wsential to the preservationof strengthpropertk A lower humidity would perhapa
have abortensd the time of drying somewhat. Data on material d;ed in accordance with Specification 2050&A are
not yet available.

The d.ifi’icultyexperienced in theaarunethroughlarge variations in moieturecontent of the stock, and throughdry-
i~ two thickmmmstogether,emphasim the desirability of claeeif@g maf..wialon the baaieof mofeturecontent and eize,
and of drying each cl= separately. A rough moisture ~ticzd.ion such M could be obtained by ‘ ‘hefting” each
piece aEloaded into the Idln would probably expedite the drying.

kmmm.dati-ons.-~t is recommended:
1. That, until additimd data on the effect of various tempemtursa and humidities on the strength of westernwhiM

pine can be obhined, TabIe 1 of Specification 205M-A be used for drying this speck
2. That consideration be given to grouping materiaf into two or.mfre clam= on the b~ of rnohtureContit, ami

to drying material of but one moisture content clam in the came Idn clymgeor phwing the material containing the mwt
T-

waterin the fastea~dryingportion of the kiln.
8ECOND ANALYEJS.

Dtioumion of twu 96 and 110.—Referring now to figure 17, it is awn that material from kiln
runs 96 and 110 excels matched air-dried material in all properties except work to maximum load.
This is the property in which the kiln-dried material seemed to fall short when the fit analysis
was made. However, this shortage is believed to be entirely offset by the superiority in drop
values and in other properties.

In fact, almost any reasonable weighting of propertim and summing up of th~effect 01dry-
ing on the properties as a whole shows that the two kiIn runs have been practically equal in their
effect, and have produced results fully as good as air drying.

The differences between runs 95 and 110 and the corresponding groups of air-dried material
are in all probability not a result of the diihrent methods of seasoning, but are actual inherent
difference in material, impossible to avoid.

Di.swtin of rum I@ and 160.—In the absence of air-dried material corresponding to runs
149 and 150 it.is not possible, of course, to make pasitive statements in regard to their effeots.
By comparison with the improvement in the air-dried material of shipment 224 and 488,
the rwdts of these.tw-oruns seemquite satisfactmy. Moreover, the lack of any consistent or
apparently appreciable superiority of one run over the other, material for the two runs having
been secured from the same Jrees and being wry much alike (compare “green to match kiln
ruu 149” with’ ‘green to matoh kiln run 150,” Table 17), indicates practical equality.

This equality, taken together with the fact that run 149was at a considerably higher temper-
ature than 150, might also be taken as an indication that, up to the limits of run 149, no danmge
from high temperatureswas to be expectd. Caution m%t be observed here,however, It is indi-
cated by the long period required for drying in run 149, and also shown by records of thisrun, that
circulation was not good. The natural accompaniment of poor circulation is nonuniformity of
temperatures indifferent parts of the kiln. Hence,it isentirely possible thatsome of the material
tested may not have been subjected to as severe temperature conditions as are indicated in
@ure 16.

It miid be said that, in general, the kiln drying of weetern white pine in these runs has not
been eminently satisfactory. This is attributed hugely to the character of the material with
respect to moisture content. As has been mentioned, moisture content has been found to be
very nonuniform.

Conclutiorw.-It is balieved that the data presented herein justify the following conclusions:
1. Western white pine can lie kiln dried without damage to strength properties.
2. Table 1 of Specification 20500-A can be depended on to dry western white pine without

damage to strength properties.
Recommendatwns.-It is recommended that, pending we rcm.dti”of f&her tests,“the ‘tim-

.

peratures of Specifkation 20500-Abe not exceeded in drying western white pine, and that the
humidity and steaming be regulated to keep casehardening to a minimum,

—
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COMMERCIAL WHITE ASIL1

Eight kiln runs (81, 82, 83, 90, 96, 97, 92, and 100) have been made on white ssh to show
the eflect of drying under vtious combinations of temperatures and humidities.

SOU14CEOFMA~IAL.

Shipment 499 consisted of partially air-dried rough pknks fum.ished by one of the airplane
companies. This furnished material for runs 81, 82, and 83, whioh inoluded both ash and Sitka
spruce and are previously mentioned as “preliminary runs.”

Shipment 506 consisted of one log from each of 33 trees from southeastern Arkansas.
Three logs were 12 feet long and the remainder 16 feet. Top diameters ranged from 13 to 23
inches and the average total taper from top to butt of log was 6+ inch=.

~-l I

.—— ——

4-2 l––$:-–– ––$’:++:~; ---

B-/ I

—F––;+–– –
D-1 1: D3——— — ——— ——— ——— ——

f?-z 02 D -4#l A
L/f/o/37%7’eO’%c.

I’m.Ie,-onttblgof Wbfte eeh plenh$ ebfpment 4m.

bffbterial from logs 1 to 12, inclusive, was dried in run 90. Logs 13 to 33, inolusivej were
represented in each of the runs 96 and 97. Mechanical ted speeimens for rUDS96 and 97 were
derived from material from the even-numbered logs.

Shipment 507 consisted of fifty 12-foot logs from near Goshen, Ind. Top diametm ranged
from 11 ta 19 inches and the average total taper was 2+ inches. Material for runs 92 and 100
wse derived from this shipment.

. rimEmlmArmraKrcmNG.

The material from shipments 505 and 507 -was out from the logs as illustrated in &we
10, and w= marked and matched in the usual msnner, as previously described.

Material for rune 81 and 82 wss derived from 10 planks of shipment 499, cut and numbered
as shown in @ure 19. Pieoes marked “D” were dried in run 81 and those numbered “A”

A -/ I
1-

/9 -2——— ——— —,__ _.
/4 -3 /? -4

B
——— — +A-5 ‘—~-~———— — -i —— ———

A-7 A -t9
c

L4b/w-.e4’?3”
FIG.zO.-Outtfngofwhfteash p- ehfpment48J.

-.

—

in run 82. Sticks A-1, A-4, D–1, and D-4 were tested as dried; A–2, A-3, and D-2, and D-3
were steamed and bent after kiln drying;’ B–1, B-4, C+ and C-4 were tested partially air-
dried, or as reoeived at the laboratory; and B-2, B-3, C-2, and C-3 were stored for oomplete
air drying.:

Ih grouping data for the analysis of the effeut of kiln drying on strength, A stioks were
considered as matched to C, and D to B.

The material for run 83 was taken from 20 planks of shipment 499, cut as shown in figure
20. Piece A was kiln dried and tested, and pieces B and C were tested after air drying for
about 11 months.

I!l!hewhiteeshtatedweE notIdentifiedes to exectSLW?M.It w howevec,of come of the specfeefnclnded fn the term %ommemM whfte
aeh,” the most fmportant of whtch 81WWhite esh( Razintu unwlcmu), green ash (Frozfflw 2QWCcolo@,bfue eeh (lh?slnm quodrwwuhtc), bflb
more ash (Zluzfnw Mltmewaw).

zThe radte of the nteamfusend bendfng teats are not to ka dtecnwd here.
t These etfeke bsve not been tested.

——
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DIWZIPIWN OF KILN DBYINGGONDIYIONS.

Quantity and sizes of stink, method of piling, and condition before and after drying are
given for each kiln run in Table 21. Figure 21 shorn the drying conditions for each run.
Steaming to relieve casehardening was done in runs 82 Wd 90 md 1sindicated on the diagmms
(~. 21) by a sudden high humidity held for a short time near the end of the run. Initial
steaming was used in runs 90, 92, and 96.

‘1’AB~E21.—Dam”ptionof cmmrcid whtleah died in Mri rum 81, 89, 8S, 90, 96, 97, 9P, and 100.

Bun. Arnonntofstook. aim Ofpioces. , I Piling.

81 IopIfbIlkE.. . . . . . . 1~-planks, V81’iOW Ow-fit . . . . . . . . . . . . . . . . .

82 . . . ..do. . . . . . . . . . . . . . ..do .. . . . . . . . . . . . . . . . . . . . . . ..:.. do.. . . . . . . . . . . . . . . . . . . . .
.23 ZJplanke.. . . . . . . . . . ..do .. .. . . . . . . . . . . . . . . . . . . . . ..--do ----------------------

!0 71plank.. .. . . . . Zinoh planks, VWtOKIS CkEA18t 11-fmh Stkka-e
wtdths, 16feat long. Wwry .2fwt.

M lmpims.. . .... 2by21nohM by16fe&. . . . . . Open-dot 1 Inoh atlokem
!-

97 M2piecall. . . . . . . . . . ..do .. . . . . . . . . . . . . . . . . . . . . .
every%!ee.

0p3m-det 2-inch stfekein

w m2pfeme. . . . . . .
every* ieet.

2by 2 inchee,1~ 12jmd 16 Qm—fib U-tih Etfohm
k=?tlong. ewry 2 feet.

lm 2Mp!ec.f9. . .. . . . 2by2fncheaby14fest. . . . . . O n–fiat Wmb .X.Mer%
!&oh &y.

CcutdittonCQe#rblg the

P*y * dry; gocd mm
dltirm m very bediy
WaatborSt&.

....do .. . . . . . . . . . . . . . . . . . . . .
P= air dry; SIight

Gmxlocuiditicm. .. . . . . . . . . .

Gwdcondttion . . . . . . . . . . . .

Condltlonw&mtakeltlhonl

No vkdblehem.

Do.
O.K.

Mm than1 r cent~egrnde
all Mng E 7 phnke, 6 of
which wemcheckedend1

N%Ji%~:x@ d -

No vidble degrmde.mest of

NoY?~;d3~

dderabl r0ik3Vti. -
Noded.

AIR DRY~G.

Material was air dried under conditions similar to those previously described for Sitka
spruce and Douglas fir.

81!ltENGTHDATA.

Average strength values for the various groups of mattial are given in Table 22.

Table 23 gives the improvement ratios for the more important properties of the air-dried

material and for that dried in the various kiln runs, both without adjustment and after adjust-

ment to 10 per cent moisture. Each ratio given in this table is based on the average of aU the
material of any kiln or air dried group, as compared to the average from the corresponding.grem
material.

Figure 22 presenti in graph form the adjusted improvement ratios of Table 23.

D~SSION.

The absence of complete data, i. e., green and airdried matching that kiln dried, on runs
81, 82, and 83 makes it necwsary that they be judged by comparing the improvement they
have produced with that produced in air drying the oh giwtqw. Proceeding on this basis,
it is seen that 83 is normrd or above normal in all respects, wide 81 and 82 are quite low in
work ta maximum load, and 82 is very low in drop. (See Table 22 and @g. 22.) It is concluded
that 83 has in all probability produced as good results as would be secured from air drying,
but that 81 and 82 have failed to give good resulte in work and drop values which are measures
of shock-absorbing ability and of great importance in airplane material

Careful scrutiny of Tables 22 and 23 and figure 22 shows that runs 90, 96,97,92, and 100
are all fully eqwd to the corresponding air-dried material in the important properties “work to
maximum load” and” drop”; that all except 90 are equal or superior to air-dried in modulus of
elasticity; and that 96 onIy is fuUy equal to the air-dried in modulus of rupture and maximum
crushing strength. Furthermore, run 90 falls very coneiderably below air dried in these latter
properties. A r6sum6 of the above amounts to this:

1. That the apparent “efficiency” of the kiln drying as shown in figure 22 and Table 24
is greatest for those properties which are least affected by changes of moisture contenbwork to
maxhnum load, drop, and modulus of elasticity-and least for those properties which are most
intluenc-edby changes of moisture contant-modulus of rupture and maximum crushing strength.
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2. That the run (90) showing the lowest apparent cdliciency in modulus of rupture and
maximum crushipg strength is the run in which moisture content of the kiln-dried material
is farthest balow the corresponding air-dried materhd; consequently, for which adjustment of
moisture had ta be made across the widest interval.

NTOWit is recognized that the methods of moisture adjustment, while the best that it has
been possible to devise, are not perfect, and it can be demonstrated that any errors in the
applicability of the fundamental assumptions underlying the methods of adjustment used will
have the largest yerceti~e tiect on the computed “efficiencies” as presented in Table 24, when:

1. Applied to those properties which are most largely affected by change of moisture
content.

2. The interval across which moisture adjustment must be made is largest. .

‘1’A~L~22.—Me&ankal properties of oxnmemid uhite aah (summaries of original teatvalw).
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TABLE 22.—Hechanical popertim of commercialwhite a3h-Continued.

Shipment50&ConUnuBd.

l—

81wRcBIWDING. I
Mo19ture.(percent) 1------------------------------
~~:g~,&c;tii.bGjg&: Kj::::::::
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Work,totei(lnoh-llx Wcu. in.) . . . . . . . . . . . . . . . . .
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Mo19ture(pdcent) 1............................... 18.4
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i
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shipment ~BIus ash ( mzhww@a&o?@ctc) grownin BonrbonC!atmt, K .
Shipment2Z&@ao ash (Fm.chw4Lm.ccoLa!n)rhNew MadridC!a

‘{y’ #“”v=
StM~mmt257-BUtmomd (H.= .Urm@gmwminOv*nGnm~y,&m
Shipment2W-WlltB * R’utimumwrfoma growoIn l%mhontasCmmt ,

Tes speclroensofshipment439were1.%5b 1.25Lnohes.
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lm103.
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.......
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‘L4
41.2
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1,630

1*M4
1,42s
1,5M

......
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......
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TABLE23.-CommauMwhite ash. (Imvrommwnt ratios with and wt”lhoutadbtmm.t to 10 VETcent moieture of kt7n-dried. .
and ahiiied mutarial.) “

[Fiber-mtamtionpufnt-2.0P er.ntmofaiarre.]

Stetfcbending. Ialpeotbendfng,
6@oand hammer.

Modulus of
elasticity.

mk_t.t,w&-Shtp
ment.

1:!
214
m
m
‘2&
!2.!D

14W

6N

607

zdrduhr9 of lel%i-%!t$Lp kimmn omsh-
fngstrength.rapture-.

~mk

Per C&
11.4
10.4
9.0
9.7
9.6
7.0
6.6

;!

U&:

12.2
n-o

12.o
13.o

11.0
12.7

11.2
12.6

pig

w u.
11.3
10.8
0.0
9.8
e.a
6.2
5.8

::
6.9

u::

11.9
18.4

11.9
16.2

!1.I
12.6

11.9
12.7

y!&5-
1. R.

e%d.

1.64
1.78
1.73

t:
1.92
1.08

1.23
1.NI
1.59

1.66
L46

1.62
1.62

1.46
1.47

L67
L47

1.66
1.4s

LdR.

rr8ted

fg

i:%
1.67
1.05
1.43

1.20

::%

L49
Lfa

I:a
l.m

1.70
1.74

1.66
1.70

1.67
1.70

L R.

r$d

1.22

k:
1.15
1.!M
1.81
1.62

1.18
L 17
L 12

L197
1.16

L 25
1.10

1.26
1.18

1.24
1.lE

:2J

ItiR.

Wed.

Lrn
l-w
Lm
1.14
1.19
;.2J

1.16
1.s!0
1.20

1.M
1.23

1.33
1.2a

1.27
1.27

L27
1.27

L33
1.20

I. R.

m=%,

L Is
1.26
1.04

l:fi

1:%

.02

1:%

.94

.96

1.18
1.07

L67
I.m

1.01
.96

.97

.918

:~
Med.

1.21
1.27

;~

:9s3
Ma

.66

1:%

:;

1.24
1.10

1.10
1.03

1.01
.W

.96

.s4

I. R. LdR.

:==% Jrrst4d.

1.w Lw
1.04 1:2
,98
.P7 :x
.32

1:% l:R

1.17 1.14
.31

1.30 1:%

.84 .36

.79 .72

.32
+35 :Z

.S2 .S7

.3Q .80

.36 .33

.7Q .73

.78 .76

.72 .72

-k
I. R. IaR.

& Just&i.

Pcr ct.
11.2
10.5
9.6
9.6
9.6
6.9
6.4

Lfrdry . . . . . .. . . . . . . . . .
.. ..do . . . . . . . . . . . . . . . . .

do.. . . . . . . . . . . . . . . . . . . .
do.. . . . . . . . . . . . . . . . . . . .
do.. . . . . . . . . . . . . . . . .. . .

. . . .

. ...%..:::::::::::::::

Lel L%

M i%
1.85 1.77

1.76
k: 2.01
2.60 1.92 ._.

.
Kunnma . . . . . . . . . . . .
Kilunmsa . . . . . . . . . . . .
Eonrml&t . . . . . . . . . . . .

!4.02 fg
1.93
1.36 1:s3

Kflnroneo . . . . . . . . . . . .
Mrdry.......... . . . . . .

;.O.JM .12.0
12.!3

Kunnm96 . . . . . . . . . . . .
Afrdry . . . . . . . . . . . . . . . .

Enrlrml’n . . . . .. . . . . .
Mrdry................

12.6
12.9

1.97
i:% %06

1.87 2.m
Ln 2.10

Kcnrmles .. . . . . . . . . . .
Air-dry. . . . . . . . . . . . . . .

11.0
~.8

mnnmlm ...........
Atrdry . . . . . . . . . . . . . . . .

11.0
12.8

1.87 2.01
1.72 2.12

1 I. R. M tested-~= (no greento mAtch).

‘1’ABLE 24.—E@ciencieafor kiln runs ma dite aeh.
.-—

.. . . ..—.

.—4%-L=14=E-1=
Modnloeofruptrlm... . . . . . . . . . . . . . . .
Mcdusofebetiotty ................

...............................

%$&ieiMwaixi::::::::::::::::

IflEx%zF-w’e@wawuseE..
.............................

2

:
8
2
...
..-
...
...

Pet. cM.
33.1
93.5
101.1
119.2
m.s

176.2
~4.;

667:6
100.6

1,27L7
93.0

.......
........

126.4
412.4
;3.;

1.%:
102.4

..........

..........
432.2
90.4::

An. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rzE+6-=avemgeE. .. . . . . . . . . . . . . . . . . .
........
........

II I

F- Wefghthrgfackx _
I I 1.1 1 I t .—

Irn promrnent ratio fer property of kiln dry
E-Em~enw’-hpml~ent mtio for came PrepertY0~~~w

CONCLUSIONS.

From the above discussionthe following conclusions are drawn:

1. Runs 81 and 82, made on partially air-dried raaterhd at high temperatures (180° to 210° F.)
and with comparatively low humiditim, resulted in rather severe damage to the important
propertiw of work to maximum load and drop. (It is notable that neither of these runs produced
any Mlik damage.)

2. Run 83 on partially air-dried material, and 90,96, 97, 92, and 100 on gmqn,at more mod-
erate temperatures (initial 100° to 125° F. and maximum 120° to 160° F.) and somewhat higher
humidities, have all produced material practically equal in mechanical properties to air-dried.

3. Results of this latter group of kiln runs furnish no basis for coordination between severity
of kiln conditions and effeot on mechanical value of the product.

4. From 2 follows the conclusion that Table 1 of Specification 20500-A is a safe schedule for
the drying of white ash.

—
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RECOMMENDATION..

It is recommended that in drying white ashfor use where the retention of maximum strength
is essential, the temperatures of Table 1 of Specification 20500-A should not be exceeded.

PORT ORFORD CEDAIL

Four kiln runs have been made on Port Orford cedar. The runs were numbered 124, 125,
126, and 157.

Kiln run 124 subjected the stock to slightly milder conditions than those speciiied in
Table 1, Specification 20500-L .

Rim 125 was tide under rather severe high-temperature conditions. From an initial
temperature of 165°.F~ad a relative humidity of 80 per cent, ‘near the fiber-saturation point tho
temperature reached 175°.F. and the relative humidity 40 per cent, ending with a temperature of
152° F. and a relative humidity of 3.5per cent,

The temperatu.msand humidities called for by Table 2 of Specification 20500-A were used
as a basis for the coml.itions of kiln run 126,

For kiln run 157, a practi.oallyconstant temperature of 120° F. with a relative humidity of

-.

80 per cent was used.
PHYSICAL R=OLIW:

The average moi.iturecontent of green material in @l four runs was 35 per cent, with samples
from 124 m.ntaining32 per cent, 125 containing 38,2,126 containing 35.5, and 157 contti”hing
33 per cent. The moisture contente were reduced to 8,4,8.2, and 8 per cent respectively. The
time varied from eight days for run 125 to thirty-eight days for run 157, with run 124 taking
nineteen days and run 126 twenty-eight days. Runs 124 and 125 showed practically no visible
degrade, while runs 12.6and 157 showed 3 and 8 per cent, respectively.

MECHANICALRESULTS.

Comparison of kilndried material with previously tested air-driedmaterial shows improve-

ment ratiosfor the kiln-driedmaterial lower in varying degrees than forairdried material for all

properties except maximum crushing strength in campr=ion, parellel to grain. The kiln

material approximately equals airdried in modulus of elasticityinstaticbending, laggingslightly

behind airdried material in modulus of rupture in staticbending, and dropping well behind the

airdried for work to maximum load in staticbending and drop in impact bending, There aro

no appreciable differencesin the.improvements of the firstthree l+n runs, allbeing exceptionally

uniform. Run 157, bwever, is somewhat erratic, It b noticeably higher than the pretious
runs in improv-mt in work to maximu load, and noticeably lower in drop in impact bending.

CONCLUSIONS.

The previously tested airdried material with which the kiln-dried is compared came from one
tree only, and from evidence at hand it is concluded that it showed exceptional improvement
in air drying. It is therefore probable that the kiln-dried material gave as great improvement
as it would have .don.ehad it been subjected to a long period of air seasoning. A comparison
of various kiln runs shows no significant difference in the improvement in strength valuea be-
tw~ the different ru.ue,in spite Ofa mmiderable r~ge Ofthe ~mperatur= wed in *y@.

RECOMMENDATIONS.

In view of the fact that positive conclusions can no! be reached until teste have been made
on airdried material corresponding @ that kilndrie~ and the further fact that any lack of con-
trol of kiln conditions is more likely to result in damage when attempting to run by a high-tam-
psrature schedule, it is recommended that higher temperatures and lower humidities than those
of Table 1, Sptiification 20500–A, should not be used in dry~g port Orford cedar, unless there
is urgent need for rapid drying, and then only b case the kiln operation is in charge of an ex-
perienced man,



●

BALD CYPRESS.

One kih run has been made on bsld cypress, In this run 2 and 3 inch material was dried,
using the fmrnperatur~ and humidities of Table 1 of Specification 20500-A. During the last two
weeka of the run it was noi poasible to reduce humidity below 40 per cent, thus causing a depar-
ture to that extent fkom Table 1. It was necesswy to steam nine different times at temperatures
ranging from 150° to 176° F. for periods of one to five hours, to relieve casehardening. (Total
time of steaming 24$ houm.) -

PHYSICALEEmmra.

The average moisture content was reduced from 91.8 to 7.3 per cent in 80 days, with an
average visible degrade of 8 per cent due to springing and warping.

The material from butt loge was found to drY much more slowly than that from upper loge.

MECHANICALlwwLm.

The kiln-dried material gave practically as great an improvement in static bending ss
previously airdried material, the former being noticxmbly greater in “work”. me Idm&&d
material from lower bolts gave a greatbr improvement than tlmt from the upper bolts in evmy
case except drop in impact bending. In this property, and also in maximum crushing strength
in comprawion parallel to grain, the airdried material gave a greatw improvement than the
kiln-dried material.

CONCLUSIONS.

It is not possible from results in one kiln run to form tial conclusions on the proper method
of IciIndrying this species. From data collected it is concluded that:

1. Upper-log material can be dried much more rapidly than that from butt logs, and the
two classes should be dried separately.

2“ @PreSS requir~ more th~ ordinmy cme in drying in ord~ to prevent Aecking, honey-
combing, warping, and casehardening.

3. %r*s Cm be ~ dried so ss to produce mat~~ equ~ iUits mechmical properties to
air-dried material, but tial judgment on this point can not be reaohed until matched material
has been air dried and teste&

EECOMMENDATXONS.

1. That butt-log material and material from upper loge be kiln drid separately.
2. That, pending the results of further tests, the temperatures of Specification 20500-A

ahould not be exceeded in drying bald cypre, tmd that humidity and steaming be regulated to
keep caaahardening at a minimum.

WESTERNEEML~CIL

Two kiln runs have been made on 3-inch material of this species. In one run the matwi~
was dried by using temperatures and humidities approximately as called for by TabIe 1, Speci-
fication 20500-A (temperatures 120° F. hitial, ~d 145° l?. &MI; humidities 80 per c~t initi~,
and 35 per cent final). This resulted in decreasing the moisture content from an average of
79 per cent to an average of 6.7 per cent b a period of 33 days, with a reauhmt visible degrade
of 3 per cent due to opening up of checks.

The second, which was a high-temperature run (temperatures 160° F. initial to 180°1’.
&al, with humidities 70 per cent initial tO’50 per cent ~al), compares favorably with the
fist run both in time required for drying and in amount of degrade. The time was 19 days to
reduce the moisture content from 98.4 per ceut to 8.2 per cqnt, * cqmpmyl with 25 days to
reduce to 4.8 per cent for the @t run. The average visible deg~de was 1SSSthan 1 pa cent.
The fist run had only slight kdicatiom of camhmdefig on resawmg, while severe caseharden-
ing was indicated in the second run.

bmcHANIcALEE9uLTa

The two runs are practically equal to each otk and to previously-tested air-dried material
in improvement of modulus of rupture and work to maximum load in static bending. HowevW,

in modulus of elasticity, wwe the high tempwat~e run equfi the sir-dried, the Table I run falls
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considerably lower. Both runs fail to show improv-t equal to that shown by previously
tested air-dried material in.impact drop and comprtwion parallel to grain, Were it not for the
known facts concertig the variability of timb~—and of improvement ratios as. previously
brought out in this report_~yses of igfqio~ty ~ improvement to.previously air-dried material
might be assumed to i@icate actual damage resulting f~m” kib &yiu& “Ilowevbr, the fact that
the more severe.ldn conditions have p~duce~ materi~prr@icaUy equal in all and considwably
superior in some properties to that resulting from kiln drying under milder conditions is accepted
as the better basis of judgment. Groups of material tested after drying in the two kiln runs
are closely matched to each other; h~ce, Cornpqriaonsbetween the runs are much more accurate
and positive than comparisons with the air-dried material.

The conclusion that neither kiln procws damaged the material must be regarded as tentative,

pending testing of matched air-dried matefia.1, but it is beliemd that conditiom scheduled in
Table 1 of Specification 20500-A we safe f~r drying western hemlock. Probably considerably
higher temperatures could be used without damage. .

RECOMMENDATIONS.

In view of the fact that positive conclusions can not be reached until tests have been made
on air-dried material corrmponding to that kiln dried, and the furtherf act that my lack of control
of kiln conditions is much more likely to result in damage when attempting to run by a higher
temperature schedule, it is recommended that Table 1 .of Specification 20500-A be used in
drying western hemlock.

WHITEANDNOEWAqPINE.

Materid~ both white and Norway pine was dihd in each of two kiln runs. One run

was made with temperature varying from 180° to 200W F. md relativehumidity varying from

76 to 60 per cent. The second kiln run fo~owed qdte closely the schedule of temperatures

and relativehumiditiw of Table 1 of Specification20ti00-A.

PHYSICAL RESUUTS.

The result of the first run was that the white pine was dried from an average moisture con-
tent of 99 per cent to an ai%rage of 5.3 per cent and the Norway pine from 22.5 to 6 per cent
in a period of 16 days. Both species had a visible &rtide of” about 6 per cent, due mostly
to checking. The high temperature cimsed the pitoh and res& to flow to the surface and
harden.

In the second run the white pine was dried from an average moisture content of 99 per
cent tb-an average of 10 per cent and the Norway phik from”35S per cent to 8.6 per cent in a
period of 67 days. Both species had a visible degrade of 6 per cent, due to checking, twisting,
and warping,

MECHANICAL EESULTS.

The results from the mechanical tests on small clear specimens indicate that the two runs
produced approximately as-good improvement in nearly all values as resulted from previous
air drying and thatl hi spitk of the great difference..in temperature, the two rune produced
about equaIly good results. The high-temperature ~ gave considerably better improvement
in modulus of rupture and mtium crushing streng@ of Norway pine, and slightly better in
modulus of elasticity of both species, while in other vahms the low temperature run gave
slightly, but not sign&antiyj better improvement.

CONCLUSIONS.

It is concluded that there is no damaging eflect to be expected from temperatures as high
as were used in this instance, This conclusion, however, must be regarded as tentative until
confirmed or disproved by tests on matched material which is now air drying.



BECOMbMNDA1’IONS.

Table 1 of t3peciflcation 20500-A is recommended for use in drying these species until
additional data can be obtained on the effect of various temperatures and relative humidities
on the strength.

WHITEFIR

Two kiln runs have been made on white h, in stock of 3-inch thickness and various widths.
The temperature in one run ranged from 160° F. initial to 180° F. final. The other run fol-
lowed quite olosely the schedule of Table 1 of Speoiiication 20500-A, as shown in Table 25.

TA~IJ~25.—KUn mnditbns&inrun8167 and 168, compored with Table 1 of Spun@t&m 50500-A.
.—

Average drying condlt.irma.

stag8ofC7rying.1 Temperature HomfdftIe%

y,un KUQmun

T“” :.

------

TableI. ym~ KtiWnm Table1.

LWTw~ Dcvrw1~ De#wu F. Par cent. per cent. paw.

%!%=ai&i “+ii ~~~[ii’~ ‘G% Kti&.&j:l:ll::1 ::::
I&l

186
80 N1

At Nperwntmh~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
l!a6

% 170
76

12s
70

%
At Upwatmhti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 m

76 60
At 12~r~tmohtm . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ma 70
179

n
142

E
n 4!

ktz. !?!.?:? ::::::::::::::::::::::::::::::::::::::::::::::::
Ml 146

146
%’

I&2 145
6s 83

83 Ee n
.,—

1As determinedfrommoistureoontentsofsample%

K% run i67.—This run was made in a kiln which had been equipped with fans to produce
circulation.

The material was steamed 18 hours at 136° F’. before the kiln conditions given in Table 25
were established. Casehardening stresses which developed during the run made four addi-
tional steamings neoessary, at temperatures of 135° to 160° F., for periods of one to two hours.
(Total time, six hours.)

Drying from an average moisture content of 100 to 8.2 per cent was accomplished in 57
days, with an averege v-isible degrade of about 8 per cent. This degrade was the result of
twisting, warping, and surface checking.

KZn mm 168,—This run was started without preliminary steaming, but it was necessary
to steam six times (total time 19 hours) during the run to relieve casehardening. The steaming
periods ranged from one and one-half to six hours, at temperatures ranging from 170° to 182° F.

The mat&al was dried from an average moisture oontant of 149 to 7.7 per cent in 12 days;
but in order to relieve casehardening it was necessary to continue the run for 9 days, during
which the moisture oontent of the samples was redueed to 5.1 per cent. The moisture content
of the green material ranged from 69 to 208 per cent.

The material was in good condition on entering the kiln, although severaI pieces showed
end and heart check, shakea, and springing. After being dried the meAerial came out with an
average degrade from warping, springing, twisting, and surface checking of approximately 6
per cent.

DISCUSSION AND CONCLUSIONS.

The material was compared with various &dried iirs (silver, grand, and noble) as well as
white fir. In every oaae, except maximum drop in impact bending, kiln run 157 is superior ta
the average of the airdried firs. 1331nrun 158 is somewhat lower than this average in maximum
drop in impact bending and in maximum crushing strength in compression parallel to grain.

Both runs produced material which was better in improvement of strength properties than
material from the one avaiIable tree of airdried white h, except in compression parallel to the
grain. In this property the high-iwmperature run (158) was inferior to the air-dried material.

It appears that no significant damage occurred to the strength propertim from either kiln
treatment, and it is probable that the Table 1 run (157) produced at least as good results as
would have rw.dted from air drying.
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MCOMMENDATIOIW.

1. Pending th~ completion of &ts on air-dried material matching that kiln dried, it is
recommended tlmt Table 1 of Specification 20500-A .be used in drying white fir for use where
maximum strength is essential.

2. If faster drying than can be produced by following the above recommendation is nec-
wsary, the temperatures as used in run 158 appear to be faidy safe, providing the humidity is
regulated to prevent severe,casehardening.

3. Beoause of the large mmiatiortin moisture coutent of di#fment boards of this species, it
is recommended that this material be divided into two. or more groups according to the weight
of. the pieces, which is an indication of the moisture. content, and that either the groups be
kiln dried separately or the heavier materkd be placed in the most rapid drying part of the kiln.

AFRICAN AND CENTRAL AMERICAN MAHOGANIES.

Mechanical tests have heert.made m small, clear specimens of material from several experi-
mental kiln runs on African and Central American mahoganies, Runs 106~107? 108j and 109
included both species. Central American mahogany was dried in runs 161 and 162, and African
mahogany in runs 164 Md 165.

The ranges in temperatures and humidities for all”eight-runs are given in Table 26, which
also lists, for the purpose of comparison, the temperatures and humidities of Tables 1 and 2 of
Specification 20500-A. . . ..._ . -. -——....—

‘T.’ABLE 2&-Ki.!n amdithna wed in runs 106, 107, 10-8, 109, 161, 16.?,164, and 165, compared wiih Tabb 1 and Z of
spee@.at&?n~050&A.

l“”
..=.-..-

Avqegedryfng wrrdttme—ternmtrrrea.
——. ... -

J . . . T.,. - :.

---- 1‘?7,,-. ...- I V,l.. --- I m....-.. Iw“_._..-Iv,,-..– I I

2:M- ‘;fifimPO cenJ Per e.egi Prx Ce$ Per mm. P6r~ PswkM. Pa Ce?+JPer Ceruu Per Cega. Per ecnt.

Hi%ie%%t-&i”+i-ii-*iii”

AEgt#-%RIK-::::::::::::::::
At15pez oantmofsture.: . . . . . . . . . . . . . . . .At12~c=3ntmoisture . . . . . . . .. . . . . . . . . .
Ar,8 romtmolsture.. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ..k. . . . . . ..z. ..:::.~m
NJ!! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i Theseare maxfmnmalfowrbletmnpmatruesand Mum &WwablehurnldItte&
-.

The length of time required for titig, the amount of d~ade, and the ornginal and.~al. _ ._ .
average moisture content for each run are all given in Table. 27.

TABLE 27.—Ph@al remits of vanku kiln rum of African and Cenbal Anu&a n ntahogania.

apwiw......................... Africa lU8hO@Iiy. -“ I &ntral Amerfcrmmahogany,

Icflnrlm.. ........ ............. 106 lo7 lg 109 1; loa 103 107 lx 109 104 IeJ
Dayefnkfln . . . . . . . . . . . . . . . . . . . . ..4a 14 m 24 42 M 10
AWO~&xmt moisturecon-

13 !26

06.5 m.e 70.0 09.6 M.o , erla MS
Av&rr&yiii ‘rniii~.;%ii

.ms 7ao 69.8 41.0 a’1

10.0 la.’o &4 5.9 8.6
Pm cebt v&16gTe&X;1::::::: No%! 2.0 1.0 1.0 a.4

I&o 12.0 8,4 &7
8.0 ?&! za 8.4

LO 1.0 4
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The material for all runs was approximately 1 inch in thickness.
The material for all runs except 108 was steamed before drying was commenced, and all

runs except 106 were again steamed from one to four times to relieve cawihardening. The
steaming for run 162, howevac, was to relieve ordy very slight casehardening.

MECHANICAL EE9ULTS.

African mahogany.-A decided gain in improvement was made by all kiln runs over the
previously tested air-dried material in modulus of rupture and maximum drop. Work to maxi-
mum load, modulus of elasticity, and maximum crushing strength may all be considered equal
to the average of the air-dried in improvement.

No apparent damage is shown in any kiln run, and the material is considered to have made
.-

at least as good improvement as would have resulted from air drying.
Cenfml Amtmkn md.oga.ny.-lfaterial from R.Uthe kiln runs shows very good improve- - :

ment in strength properties over the corrwponding green mattial. Improvement ratios me ._. _
in nearly every case as high as resulted from the air drying of material preciously tasted.

There appears to be but very little difference in the improvement for the various strength
properties produced by the different processes of drying.

D1.SCUS910Nk%DCON~USIONS.

The satisfactory results from these kiln runs indicate that the temperatures of both Tables
1 and 2, Specification 20500-A, are safe, as four of the runs were made with temperatures
approximately those called for by Table I or 2, and one run subjected the stock to severar
temperatures.

.-.

The consistent though slight inferiori~ of the high-temperature run (107) to run 106,
which was made on material from the same trees, indicates a possible relation between strength
and temperature used in drying.

Run 162, the material in which was Central American mahogany, was made with tem-
peratures C1OSEJYapproximating those of Table 1, but the relative humidities were not permitted
to drop below 60 per cent. This run produced material which was in excellent condition for
propeller stock and which was slightly better in improvement of strength propertim than
material from the same shipment dried in run 161. Tl%ileno run was made on Africammahogany
using conditions similar to run 162, it is believed, since the two mods are seemingly closely
related in physical properties, that such a run wouId produce practically the same rtvmlts.
Special tests taken on this run showed even cross-sectional drying and very slight cesehardan-
ing. These results indicate that the condition under which the material. in run 162 was dried
is very satisfactory for drying propeller stock.

~ECOMMENDATIONS.

It is recommended that in drying Central American and African mahoganies, the tempera-

tures of Table 1 of Specification20500–A be used, but that the relativehumidity be not alIovred

to drop below 60 per cent at any time during the run.

BL4CE WMJWJ’I’.

k order to develop a process of kiln drying black walnut satisfactorily, two kiln runs were
made, one in accordance with Table 1 and the other in accordance with Table 2 of Specifica-
tion 20500–A.

‘l%e Table 1 run conqisted of l-inch and the Table 2 of both 1 and 2 inch stock.
The Table 2 run was controlled by both I and 2 inch samples, which delayed the drying

process slightly as the 2-inch material dried very slowly. The 2-inth samples were discarded
from calculations during the last stages of the run and conditions better adapted to l-inch
stock ware secured. The material was steamed at 120° F. for six hours at the beginning and for
one hour at 150° F. at the end of the run, the latter to relieve casehardening.
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The l-inch material dried from an average of 72 to an average of 8 per cent in a period of
38 days, but 2-inch material in the same period reduced only to 18 per cent from 54 per cent.
The material ent.ered.thekiln with end and he@ checks, heart rot, and,springing, and came out, .
with an average d~ade of abmt 7 per cent caused by springing, checking, and warping.

The condition of the second run during the fmti_stages -wasslightly milder than required
by Table 1 of Specification 20500-A. The material was frozel~.when loaded iuto the kiln and
it was necessary to thaw it out, by steaming, before .&ing could begin. Toward the end of
the run it was necessaxy to steam the material one hour at 150° F. to relieve casehardening.

At the beginning of the run the stock contained an average moisture content of i’t3.6per
cent, which was reduced to 7.7 per cent in 31 days. It left the kiln in good condition, showing
a visible degrade of-about !2~per cent caused by end checking.

—

CONCLUSIONS.

The improvement ratios show that, with exception of drop in impact bending, both kiln
runs produced greater improvement in strength properties than resulted in the case of the
previously air-dried material, and in all probability as good reeulb” as.wotid have been obttined
by air drying the same material, As b@h.runwfolloyv-c&@y Tablw 1 and 2 of the specification,

it follows that either of these tablm can be expected @ give satisfactory rosulta when used for

drying l-inch black walnut. The strength data give no basis for a choice between the two kiln

runs.

.—

RECOMMZNDATKONS. —

The work so far done gives, of course, no basis for judging the effect of conditions more
severe than Table 1. Until the effect.of more se~ere cwndit,ions,can be ascerttiued, it is recom-
mended that Table 1 of Specification 20500-A be used for drying black walnut.

SUGAR MAPLE.

Seven experimental kilnrunE in the drying ofsugar maple have been made, but otiy the first

three, 132, 133, and 134, have reached a stage where discussion and analysisare possible and

figuresare available.

The fit run (132) was cm l-inch rnaterialon.ly; the last two rune (133.and 134) were on both

l-inch and 2-inch material. Run 132 w% tie to de@@n~ the @e,ct ~f. a.practicaJy constant

temperature of 1700 F. and the same relative humidities ascalled for by Table 2 of Specification
20500-A; run 133 w~ ~ accordmce with Table 1, ~~_run l_34_wmin ~Wordance with Table 2
of this specification.’ Runs 133 and 134 were both s@med new the end of the run to relieve

-—:.—.

casehardening. No steaming was necessary on run 13?.
. ..—

The high-temperature run (132) was made in the ~east time, requiring 12 days, but had the
smrdlwt diibrence between. initial and final rn.oist.u.r.re.contents, the initial moisture content
being 48 and the final 8 per cent. This run had the largest averagg degrade-about 15 per cont.
The degrade was due chiefly b warping, with some springing and twisting. Slight caseh~denin.g
was evident on resawing. ,..

The Table 1run C133)required 23 days, practically twice the time of the previous rub, but
reduced the average moisture content from 56 to 5.8.per cent, with an average degrade of 11
per cent due h cupping, warping, and spri-, the gregter,por~on being due to cupping. Very
little casehardening-developed on resawing.

—

Kiln rti 134 ifiquired 29 days to reduce the average moisture content from 56 to 7.5 per
cent, ,but had the smallest degrade of any run-about 8 per cent, due to cupping and warping,
The material showed very slight reverse casehardening on being res.swed.

RESULTS

There is no marked or consistent. diff.erenc.ein the mechanical results of the three. runs. . .. . .
The kiln-dried material showed improvement over matched green material equal or euperior to
that previously obtained by air drying.
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C4XOLUS1ONS.

Absolutely definite conclusions can not be reaohed until tests on corresponding air-dried

mat erial have been made; but the data warrant the conclusions:

L That kiIn drying can h carried on without injury of material, and probably with better

reaulta than mm be obtained by air drying.
2. That there are no consistent differences in the effects of the three runs. This indicaiks

that a considerable range of temperature can be employed with little, if any, difkrence in the
eflect on the mechanical properties.

RECQ.MMENDATIONS.

Until the above oonolusion (No. 2) has been checked by tests on corresponding air-dried
material, and because of the greater danger of damage thro~mh twcidentsl departure from
schedulm when operating at higher temperatures, it is recommended that maple be dried by
schedtde of Table 1 of Specification 20500–A,

. .

.-

—

YEL!Lo’ivBIRcH.

Five kiln runs have been made cm ydlow biroh, as follows:

Run 84 was on 2~-inch plank, with temperatures 130” T’. initial to 180° ~. &al, initial and

final humidities of about 77 and 13 per cent, respeotive]y. The average moisture content was

reduced from 60 to 4 per cent in about 31 dqs. There was evidenoe of caseharden@ in some

parts of the pile at the cmd of the run.

Run 168 was on l-inch stock. Temperatures were approximately thdse of Table 1. InitiaI

and final humidities were about 80 and 35 p6r oent, respectively. The material was steamed

six times, at temperatures varying from 150° to 165° “~. and periods of one-fourth to one hour,

for the relief of caseharden@, which persistently developed. There was s@ht caseharden&

at the end of the run. Uneven saw~m, -whichprevented proper piling and weight~m of the stock,
was chiefly responsible for the degrade of about 10 per cent. Moisture contmt was reduced
from 64 to 7.6 per cent in 16 days.

Run 169 was on l-inch stock. Kiln ocmditions were appro.ximatdy those of Table 1,
Specification 20500-A. Steaming three times, at 160°, 170°, and 160° F. for three hours, two
hours, and two hours, respectively, near the end of the run, left part of the stock severely cme-
hardened and part in a condition of severely reversed casehardening. Degrade was about the
same as in run 168 and due to the same causes. Moisture content was reduced from 58 to 8
per cent in 17 days.

Run 17o -wason l-inch stock, with kiln conditions approximately as prescribed by Table 2
.

of Specification 20500-A. Five steamings were made at about 20°. F. above the scheduled dry-
~m temperatures. The stack was ~racticdy free from casehardening at the close of the run.
Degrade of about 7,5 per oent resdted from the same caus- as in run 168. Moisture content ,.

was reduced from about 65 to 8.2 per cent in W days.
Run 203 was mad6 on l-inch partially air-dried stink. Kiln conditions were approximately

those of Table 1. Steaming for one hour at 160° F. on the eigjhthday and for two hours at 170°
F. on the tenth day successfully relieved the casehardening which had developed. The moisture
oontent was reduced fro-m 18.5 to about 7 per cent in 10 days. There was about 5 per oent
degrade.

MECEIJilCALEESUKII+.

Comparisons by mems of improvement ratios indicate that runs 168, 169, and 170 pro-
duced practically equil improvement, and that this improvement is tiqual to the average’ of
two trees previously air dried, being less than one and greater than the other. Improvement
in run 84 is 1- than the minimum for the preciously air-dried materhd. Comparisons of run
203 with the others are diffictit to make beoause of the partially air-dried condition of the stock
before it was placed in the kiln.

,
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CONCLUSION.

The kiln conditions of Tables 1 and 2 produced r.multsin the drying of yellow birch which
are equal to those h be expectad from air drying.

It seems probable that the one run at temperatur&sof 130” ta 180° F. has failed to produce
as good results as wotid have been obtained from air drying.

RECOMMENDATIONS.

Both Table 1 and Table 2 of SpecMcation 20500~A are recommended as suitau18 fm the . .-
drying of yellow birch.

OAK.

Seven ldn runs were made on oaks, inohding red and white oak species from the south und
white oak (presumably true white (Quercus albu)) from northern Idiana. The testirg work,
inclusive of testi on air-dried .materialJhw bem. euti_gly aynpleti:. The data, howoy~, am
very erratic and it is difficult to arrive at consistent conclm”ions.

One run (A), at temperatures varying from 150° to 165° F. and relative humidities from
R5 to 60 per cent, produced very good rsmdts from the strength standpoint on southern rad
aucl white oak species, with the exception of Spaniah oak. The charge was steamad fo~ one
hour and two hours at temperatures of 179° and 170° F., respectively, to relieve casehardening
stresses. Hoirever, this run rasulted in a degrade of@ per cent aa determined from inspection

before and after ldn drying. The causes of degrade included seyere.casehardening, warping,

cupping, honeycombing, and collapse.

Two runs (B m-l C) on. northern white oak gave entirely satisfactory rcmdts from the

stren@h standpoint. Run B was with temperatures approximatdy aa prescribed in Table 2

of Specification .2050&~ and relative h.u@litiea ranging between 90 and 70 per cent. This run

waq steamed at 135.0.1.for onahourtcmlieve.casehm~m s$r~ea.. Run C was at @mperaturea
of 120° F. initial and 140° F. final, with relative humiditim about 90 initial and 50 fial. It WW” “”
necessary h steam this materirdthree times, at @mperatures from 160° to 164° F., for a total of
two and one-half hours, to relieve casehardening s&rLMs_w._gt_@e end of the run. Both gave——
results fully equal b air dry, with the lower temperature run (B) slightly the bett&~ ~terial
in both cases came from the,I& k. emwlle~t,conditio~j t&eIebing l% th~ 1 per cent &grade
in run B and less than 1* per cent in run C.

In another run(D), with temperatures 90° F. initi~.to about 125°F. ilmd and humiditim rang-
ing from saturation down to 40 per cent, northarn white oak came from the ldn with about 1
per cent degrade, resulting from sprjng~g. ~nd war&g. At. the close of the run the &mge

was steamed seven hours at 155° F. to reliev~ the cm”&u@mimg stz-e&s. Stien&h t&ts indicated
that this material wm slightly deficient in strength propertiw as compared to matched air-
dried material.

Still another run (E), with initial temperature of qbout 100° F. to final 130° F. and humiditice
ranging from saturation to about 45 per cent, resulted in about 7* percent degrade. The mate-
rial was stemmd twice at 185° and 170° F. to kill moll “andmildew. A @al steaming at 180° F.
waa to relieve casehardening strwsea. This run, however, included southern red oak and both
northern and southern white oaks, and while the diilerent specim were not separately gradcxl,
it was observed that.the degrade was more serious in the red than in the white oak. The nor~orn
white oak from this run was alao slightly deficient in strength properties as compared to matched
airdried stock.

Southern white oak was ~cluded ig runs A and 11,as above described. Run A producod
quite satisfactory redta from the strength standpoint, while run E resulted in a considerable
loss of strength as compared to air-dried material.

Two additional runs, F and G, included southern white oak, Run F was made with tem-
peratures of 105° F. initial and about 135° F. fhal aridrelative”hurniditi~ 85 initial to about 40
per cent final-approximately the condition of Table 2. Run G was with temperatures of 1200F.
initial to about 140° F. final and with humidities as in F. These runs included also southern red

—
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oak species. Run F was steamed three times for perioda of one hour each, at 166” F., to relieve
casehardening stresses. The degrade in run F ?SS 12 per cent, from warping, springing, and
cupping; while G resulted in 50 per cent degrade from springing, warping, cupping, checking,
twisting, collapse, honeycombing, and casehardening. Run G was steamed on three occasions
for periods of one-half hour, at temperatures of 150° to 170° F., to relieve casehmdeningstres.ees.
Run F gave quite satisfactory results from the strength standpoint, while in G the reeultswere
unsatisfactory, there being a 10SSof 25 to 30 per cent in modulus of rupture, work to maximum
load, and height of drop in impact. Exclusive of Spanish oak, the results from the strength
standpoint were as follom:

Southern red oaks, inolu&ng Spanish oak, were dried in runs A, E, F, and G. Run F pro-

duced approximately as good material as air dry, run G material considerably inferior to air dry,
and run E, as indicated by maximum drop in impaot and maximum crushing strength in com-
pression parallal (them being no static bending tests), material very much inferior to matched
air-dried stock.

None of these rune (A, E, F, and G) gave satisfactory results from the strength stand-
point on Spanish oak. Runs F and G resulted in loesea in all strength properties, with F possibly
slightly superior ta G. Run A gave results somewhat superior to eitier F or G, while the results
in E were inferior to either F or G.

From the rasults aspresented above it is concluded: (1) That under the same kiln conditions
northern white oak can be expected to dry -withsmaller 10SSSS,bob from the strength standpoint
and the standpoint of degrade in appearance, than southern oaks, either red or white; (2)
that of the southern oaks the red oak species require more care than the -whiteoak species; (3)
that Spanish oak is considerably more liable to damage of strength properitiw in kiln drying
than the other red oak species from the southern region; (4] that, in general, the northern oaks
are more easily kiln dried than the southern.

It is evident from experience in these runs, and the cancdusion is borne out by experience
in drying oak on a commercial scalq that the maintananca of suitable kiln conditions requires
more care in the case of oaks than in other species or groups of species. Oak has been found in
aUexperimentation with it, as well as in its utilization, to be morevariable than other species. To
attempt h specify beforehand exactly what kiln condition should be used seems unwise. The
results of these kiln-drying and strength teata indicate that the temperatures of Table 1 of Speci-
fication 20500-A are probably the maximu~ which are safe for northern white oak, and likewise
that the temperatures of Table 2 ahouldnot be exceeded in drying southern oak, either red or
white. k drying any of the oaks very careful attention must be given to the condition of the
stick in all parts of the kiln. Temperatures and humidities must be regulated not ody by the
moisture content of the stock but also by its condition with respect to checking, casehardening,
the existence of a difference in moisture content between the outside and the inside of the piece,
and the existence of stressed conditions.

.,—-
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