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FOREWORD.

This monograph is one of a series contributed by the Forest Products La,boratory, which
is maintained at Madison, Wis., by the Forest Service, United States Department of Agricul-
ture, in cooperation with the Umversmy of Wisconsin.

The investigations described have been carried out with the aid of funds provided by the
War and Navy Departments, and the results heye been used by these departments in con-
nection with specifications for the kiln drying of mrplane material.

The author desires to make acknowledgment¥o Mr. H. D. Tiemann, specialist in kiln drying,
and to Mr. J. A. Newlin, in charge section of timber ‘mechanics, whose extensive investigations
of kiln drying and the strength of timber have been basic in planning the tests and anelyzing
the data described and presented. Messrs. L. A. Welo, C. A. Plaskett, R. P. A. Johnson, and
H. J. Rosenthal aided in preparation of material superintendence of tests and tebulations
end analysis of date and their persevering, psinstaking, and loyal efforts are acknowledged.

It is also desired to acknowledge cooperation of numerous lumber associations and com-
panies in furnishing material for test.
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THE EFFECT OF KILN DRYING ON THE STRENGTH OF AIRPLANE WOODS.
By the Forest Products Laboratory.

SUMMARY OF GENERAL CONCLUSIONS.

The general conclusions stated below are the outcome of a series of tests which included 26
species, approximately 100 kiln runs, and over 100,000 mechanical tests. The series was un-
dertaken in cooperation with the War and Navy Departments, and in continuance of earlier
investigations on the basis of which the Forest Products Laboratory had drafted, for the War
Department, Signel Corps Specification 20500, General Kiln-drying Process for Airplane Stock.!

This specification was based on the resulfs of tests of Sitka spruce and white ash material

representing three preliminary kiln runs at the laboratory, and on the general knowledge of
kiln drying and the properties of wood which the researches of the laboratory in earlier years
had developed. The material for the first tests had been arranged for before the United States
entered the war, as it was antecipated that kiln drying of airplane stock would become
necessary; and the preliminary runs antedated the adoption by the Government of its aircraft
program. Signal Corps Specification 20500 was Sibmitted to the War Department in July, 1917.
While its adoption as an emergency measure was believed entirely justified, additional tests
of its safety for spruce and ash and of its applicability to many other species were considered
essential. It was desirable also to ascerfain the possibility of using more rapid processes.
The present monograph presents results of the tests made for these purposes.

The general conclusions reached are: = .

1. That wood may have its strength properties, particularly foughness or resistance to
shock, quite seriously damaged without any visible evidence of such damage. Hence, appear-
ance of the material can not, where maximum strength is essential, be accepfed as the sole
basis of judgment of the effect of a drying procsss on wood. _

2. That the effect of a given process is not the same on all species of wood. _

3. That apparently a given process may be-entirely safe for some but quite detrimental
to other material of a species.

4. That proper kiln drying produces material fully equel in el strength properties to that
resulting from air drying under the most favorable conditions.

5. That specification 20500-A. of the Bureeu of Aircraft Production (Table 1 or 2 as spe-
cified) can in most cases be expected to produce material fully equal to air-dried.

8. That best results (with respect to strength properties) on Dougles fir will resulf from
the use of somewhat milder drying conditions then those laid down in Specification 20500-A
(Teble 1). Table2 of this specification (temperatures 105° F. initial to 135° F. final and relative
humidities 85 per cent initial to 40 per cent final) is recommended for drying Dougles fir.

7. That in some species there is apparently no relation between drying temperatures
up to 180° F. and the strength properties of the dry material. Such a conclusion, however,
needs further confirmation, and temperatures higher than those of Specification 20500-A have
not been recommended. -

This work has been done under the necessify of getting results as quickly as possible and
with the primary object of checking the safeté of the general kiln-drying specifications when
applied to the drying of airplane lumber on afommercial scale, together with the more or less
incidental object of ascertaining if conditions adapted to more rapid drying could be used.
Under these circumstances it has not been possible to investigate the subject in the fundamental

1 Now with some slight modification Spccﬂca@.l of the Bureau of Alrera{t Production.
136990—20——2 -7 9
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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 the effect of the various factors involved,
both separately and in combination, and to 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 determining the steaming or other processes best adapted to successful bending
and to secure more accurate knowledge of the effect of such processes on the strength of the
wood. NECESSITY FOR KILN DRYING.

Previous to the entrance of the United States into 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 service in any other way than by air seasoning over a period of
several months or even years, depending on the size of the stock and on the climatic conditions
at the point where the seasoning took place. The use of kiln-dried material had been tabooed
because it had not been demonstrated that optimum. results with respect to the strength pro-
perties could be secured through kiln drying. Some of the prejudice against kiln drying was
undoubtedly due to acquaintance or experience with material which had been impropaerly kiln
dried and hence greatly damaged. . . - -

Upon the adoption by our Government of an aircraft production program of great magni-
tude it-was easy to be seen that the stock of air-dried material of the species then accepted for
aircraft construction would be exhausted before even a fraction of the production planned for
the first-year could be accomplished. Hence, the kiln drying of material for airplanes became
imperative. The prime requisite was to find or develop methods of kiln drying which would
assure material of maximum strength properties. The problem of cutting the period of drying
to the minimum was not so important, as it was the opinion that a period of from one to two
months for the drying of such species as spruce would answer, if necessary.

PREVIOUS INVESTIGATIONS.

For some 12 yesars previous to this time the Forest Service had been carrying on inves-
tigations of the best types of kiln construction and methods of kiln operation to produce dry
stock of maximum quality. These investigations had resulted in the invention, patenting,
and dedication to public use of & 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 importance-in airplane construction had been included in these kiln-drying inves-
tigations. Also, the effort had been largely directed toward preventing the great losses from
checking, casehardening, hollow-horning, and 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 properties was being secured. However,
about the time the kiln-drying studies were first started a very carefully planned and exécuted
series of tests had been made to determine the effect, on strength, of exposure for-various
periods of time to dry air and to steam, both at various temperatures and pressures. These
experiments * were on loblolly pine, white ash, and red oak. Additional knowledge of the
effects of various temperatures had been gained from the results of tests of material which
had been subjected to various steps involved in the application of preservative treatment.

Foreseeing the necessity for knowledge of the effect of kiln-drying operations on the strength
of airplene woods, the Forest Products Laboratory before the declaration of war arranged
to secure a quantity of partially air-dry spruce and white ash. Strength tests made on material
dried in three preliminary kiln runs with & 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 relative humidities, with careful control of kiln conditions. That material
might be seriously damaged in strength properties without displaying visible signs of deteri-

1 A résum of the results was published in the Lamber World Review, Apr. 10, 1918.
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oration was also indicated. This denoted that perfection of appearance did not constitute
a safe criterion for the acceptance of material for exacting uses such as aireraft construction,
and emphasized the need for standardization of drying practice and the specifying of limiting
conditions to be used.

ADOPTION OF SPECIFICATIONS AND BEGINNING AND SCOPE OF PRESENT WORK.
With these tests and the previous experience of the laboratory in many lines as a basis,

Signal Corps Specification 20500 (now with some slight modification Bureau of Aireraft Pro-

duction Specification 20500-A) was drawn up. The general problem of kiln drying airplane
stock, however, was by no meeans solved. Although the tests which had been made were
sufficiently extensive to form, in the existing emergency, a basis of kiln-drying specifications,
it was very desirable to get a further check upon their applicability through additional tests.
It was also desirable to determine if it would be possible to use conditions adapted to more
rapid drying. Moreover, there were a considerable number of species which were looked
upon as suitable substitutes for spruce, ash, and the other woods which experience had slready
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 features of airplane construction and it wes necessary to have dry material
for use in these tests. -

The work has now covered 26 species, with approximately 100 kiln runs and with some
100,000 mechanical tests to determine the effect of the processes. It is the purpose of this
monograph to set forth in detail the methods used, to give in considerable fullness the data
secured and conclusions drawn, and thus to make available information for the guidance of
those engaged in aircraft construction and others who may be interested in kiln drying wood
in such a manner as to retain the maximum strength.

BASIS OF TESTS AND COMPARISONS,

Since kiln drying was to take the place of extended periods of air seasoning, it was but natu-
ral to adopt air drying as a basis by which to judge the effect of kiln drying. It might seem to
one not well acquainted with the phenomena revealed by tests of strength properties of wood
that it would be feasible to kiln dry & given lot of material, make tests upon it, and compare
directly with the strength of air-dry material of the same species, as determined by previous
tests. Such a method, it is true, might suffice to detect any severe damage or excessive defi-
ciency in strength properties brought about by the drying processes. In the present experi-
ments, however, the aim was to find kiln processes such that the resulting material would be
at least equal in strength properties to the same material had it been carefully air seasoned.
The decision as to whether this has been accomplished requires more exact comparisons than
can be obtained by the method given above. Also in such work it is desirable to be able to
distinguish small differences in the effect of two or more different treatments in order to dis-
cover the tendency of & change in the treatments.

The study of date derived from some 130,000 tests on 129 different species of native woods
tested at the Forest Products Laboratory previous to the beginning of this work has shown
something of the variability that may be expected. It has been found, for instance, that
even when as many as possible of the factors contributing to the variation of timber are under
control, the average of material from a tree selected at random would be expected to differ
from a true average of the species by from 7 to 15 per cent, depending upon which of several
importent strength properties was considered. ~The variation of individua! specimens is, of
course, much greater. Consequently, it is essential to make certain that the material sub-
jected to any treatment whose effect is to be found is as inherently like that with which it is
to be compared as possible. In other words, no very close estimate of the effect of kiln drying
upon the strength is possible from comparisons of the properties of two lots of material, one
being kiln dried and the other air dried, and both salected at random.

1 Data and Informatfon on but & part of the species are available and included hereln,

Y
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The problem presents two alternatives. One is to divide the green stock of a given tree
or trees into two lots, one of which is tested after kiln drying and the other after air drying.
This involves a deley in the analysis until the air drying is complete and the tests made, and was
deemed impracticable because of the demand for immediate information.

The second alternative is to_make & com_pa.nson'thh the results previously obtained from”

material of the same species and tested in both the green and the air-dry conditions. On the
basis of this comparison a conclusion may be drawn as to whether kiln drying has produced as
favorable a change in properties as had been found, from the prev'ious tests, to result from air
drying. This second method is, of course, the best adapted to securing quick results. On the
other hand, it does not, for reasons which have been mentioned and which will be further dis-
cussed Ia,ter, justify as definite and certain conclusions as the first.

The plan actually followed was a combination of the two alternatives.

The material for testing was brought to the laboratory in log form, and was there cut up

into three lots. The first 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 available they were analyzed and preliminar)
conclusions drawn from s comparison with previously air-dried material of the same species.
This can be safely done only on the part of those who are experienced and familiar with strength
values and particularly familar with the variations that are likely to be met with in stock of a
given species grown in different localities. If the kiln-dried material proves to be greatly su-
perior or greatly inferior it is safe to say positively that it would also have been superior or in-
ferior to stock of the same tree air dried. If, however, the differences turn out-to be small and
Jess 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 until air-dry material from the same trees_snd_parts of trees has been tested. The com-
parisons then possible are known to be free of some of the factors enumerated below and the
rest can be adjusted for or can be reduced in importance by working with a large number of
tests. Where this has been done the difference in strength properties between kiln-dried and
air-dried stock and between stock dried under different kiln conditions can be stated, with con-
siderable assurance, to be due to differences in drying conditions only.

VARIABLES AFFECTING RESULTS.

The factors which affect test results and contribute to their variability may be enumerated
as follows:

(1) Defects (knots, decay, shakes, etec.).

(2) Density.

(3) Species. .

(4) Moisture content and distribution.

(5) Rate of testing.

(6) Temperature at time of test.

(7) Position in tree.

(8) Tree characteristics (varying with locality of growth, soil, elevation, ete.).

(9) Unexplained variations (usually following the laws of probability).

These factors must be so handled that their effects will not be mistaken for the effect. of the

kiln-drying process. The effects of these factors are eliminated from comparisons in the following

manner:

All pieces having visible defects which it is evident would lessen their strength are dis-
carded at the outset. Inspection is also made 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. Itis a general rule that the strength properties
of wood of any species vary directly as some power of the density; that the density, and therefore
the strength, decreases with height from ground at growth (spruce seems to be an exception to
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this); and that there is & considerable but unpredictable variation between strength and distance
from the pith of the tree. Provided the test specimens come from the same 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 characteristics 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 group (green, air-dried,
and kiln-dried) 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 content before test. This, however, requires an
excessive amount of time and it is found more feasible to allow for comparatively small
differences in moisture content by meking adjustments of the data. These adjustments will be
discussed later.

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

The effects of rate of test and temperature at time of test are cared for by properly standard-
ized testing methods, :

MECHANICAL TESTS AND THE PROPERTIES DETERMINED FROM THEM,

The standard tests made on wood at the Forest Products Laboratory and the mechanical
properties determined from them are:

Static bending.
Fiber etress af elastic limit,
Modulus of rupture.
Modulus of elasticity.
Work to elastic limit.
Work to maximum load.
Total work.
Impact bending.
Fiber stress at elastic limit.
Modulus of elasticity.
Work in bending to elastic limit.
Height of drop to failure (50-pound hammer).
Compression parallel to grain.
Fiber stress at elastic limit.
Crushing strength.
Modulus of elasticity.
Compression perpendicular to grain.
Fiber etress at elastic limit.
Shearing strength paraliel to grain.
Radial.!
Tangential.!
Cleavage.
Radial.!
Tangential.!
Tension perpendicular to grain.
Radial.!
Tangential.!
Hatdness,
End.
Radial.
Tangential.

1The terms “radial” and * tangential” refer to the surface of faflure, Redlal tension Is fansion perpendiontsr to the radial surface,
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1t may not appesr necessary to perform all of these tests on the green, kiln-dried, and air-
dried material in order to get a sufficiently reliable basis for the determination of the effect of
kiln drying. On the other 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 also be superior or inferior. The several properties may very
well, and do in fact, prove to be affected in different ways by the various conditions of seasoning.
This phenomenon is amply illustrated by data presented later.

PROPERTIES ON WHICH ANALYSIS IS BASED AND THEIR SIGNIFICANCE.

The analysis of the effect of kiln-drying is, therefore, based on the tests which bring
out the properties deemed most important in airplane construction; namely, static and impact
bending and compression parallel to grain; although all of the tests 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 chosen for principal attention in the analysis are five in number. They
are: Modulus of rupture, modulus of elasticity, and work to maximum load, obtained from
the static-bending test; height of drop, obtained from the impact-bending test; and mammum
crushing strength, obtained from the compression-parallel- to-gram 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 formula
by which it is computed is exactly applicable only within the elastic limit. The term is, how-
ever, universally accepted and the values are quite comparable for various species and sizes
of Jumber. It is, moreover, a definitely measurable quantity which does not depend to any
extent on any personal factor as does, for instance, fiber stress at elastic limit,

The modulus of elasticity is a measure of the stiffness or rigidity, of & material, and is of
value in computing the deflections of joists, beams, and stringers, and safe loads for columns.
Although it is derived from the static bending test it is directly applicable to columns as well
as beams,

Work to maximum load represents the ebility of a wooden part to sbsorb shock with a
slight permanent or semi-permanent deformation with some injury to the weod, and is & measure
of the combined strength and toughness of a material under bending stresses. It isone of the
most important propartles as far as airplane wood is_concerned.

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

The value of maximum crushing strength, as obtained from the compression- parallel—to-
grain test, lies in the possibility of estimating the strength of parts used as columns. Itis a
very smlple test and is frequently the only one used in studying the effect of a treatment or
process on wood. However, it does not necessarily follow that others are affected in the same
way and, particularly not with respect to-the very important properties of work to maximum
load and height of drop. These latter are measures of toughness, or shock resistance, which
quelity is not brought out by the compression-parallel-to-grain test.!

The manner of conducting these and the minor tests and the significance of each of the

properties is discussed in various circulars and bulletins of the Forest Semce of the Umted
States Department of Agnculturlt_a 2

i Bee p. 37 and footnoto t.hereto
1 8ee partioularly Porest Service Circular 38 (Revisad) and Bulletin 556 of the United States-Department of Agricniture. See also Worlin;
Plan for Project 124, included as an appendix in The Mechanical Properties of Wood, by 8. J. Record, published by John Wilay & Sons.
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PREPARATION OF MATERIAL.
SELECTING, CUTTING, AND MATCHING OF STOCK.

The necessity for having material so selected that comparisons will be only between groups
which consist of material inherently alike has been pointed out. The method of cutting logs
and selecting material will be illustrated for each of several species. Great care has at all
times been taken to make certain that kiln-dried material is as inherently like the green and
air-dried to which it is compared 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 was stored 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 lumber and kiln-dried
in this thickness.

Test specimens were 2 by 2 inches in cross section for those species dried in the 2% or 3
inch thickness. Bending specimens were 30 inches long and were tested with center load
on a span of 28 inches. Specl.mens from the species dried in 1-inch thickness were % by 2 inches
in section. Bending specimens were 20 inches long and were tested with load at the center of
an 18-inch span.

Specimens for test while green were cut and planed to size at the time of cufting 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 material were not cut until after
the kiln-drying was completed. Specimens which were to be gir-dried were carefully 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 circulation of air. Ends of these specimens were
dipped in melted paraffin to retard drying from the end. The endeavor was to give them the
best possible environment for alr—drymg

Each sh1pment of a species is considered a unit. It has not been possible to get ell ship-
ments of & species uniform as to size and length of logs, ete. Logs of one species differ greatly,
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), thickness of material to be
dried, and number of logs in shipment. Consequently it was impossible to adopt a single
standard plan for cutting, marking, ar'd grouping; each shipment had to be studied sepa-
rately and the method best suited to it adopted.

Figure 1 (A) to (E) illustrates several of the methods of cuttmg 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 cu'cumferentlally into two pieces and the outer one of these pieces
was again split radially into two pieces. The resulting 12 pieces were sawed as shown. The
central flitches HI: and MK were cut into sticks 24 by 24 inches in the rough. Matched speci-
mens for test in the green and air-dry conditions were provided in accordance with the following
gscheme: With an 8-foot log or double-length bolt as a unit, two flitches extending through
the tree in one direction, as in figure 1 (B), or in each of two directions, as in figure 1 (E), are
cut into 2% by 2% inch sticks. These are numbered as in figures 1 (B) and (E), the number
consisting of a letter and a figure, as H3, L6, etc. These sticks are then grouped for test as

follows:
STICK NUMBERS.

Lower bolt.......... 1 4,5

Upper bolt. ......... 2,8 67 ete. }Tea“’d green.

Lower bolt.......... 2,3 6,7 . .
Upper bolt.......... 1 4,5 8, 9_}T°“Gd after air-drying.
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That is, two composite bolts are formed, each including half the sticks from the upper
bolt and half those from the lower bolt. The sticks of one of these composite bolts are tested
green and those from the other after air-drying.

Figure 1 (D) shows how planks are divided into sticks for static and impact-bending tests
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 helf in impact. One specimen
from each stick is fested in compression parasllel to grain. One-half of the static-bending
sticks furnish smaller specimens for compression-perpendicular-to-grain tests; the other half
give specimens for hardness tests. Shear, cleavage, and tension-perpendicular-to-grain speci-
mens are taken from impact-bending sticks.

Figure 1 (A) and (C) are cutting diagrams as used for African mahogany and white ash,
and are typical of diagrams for logs which were cut into 1-inch material or were not sufficiently
large to be cut as in figure 1 (B) or (H).

INSPECTION OF STOCK.

Immediately previous to being placed in the kiln all material is very carefully inspected
and any defects and imperfections noted and marked on the piece or made a matter 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 knots; also of
warping and cupping, the development of new checks, ete. It is also examined for case-

hardening.
EILN DRYING AND TESTING.

Following the initial 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 tests as previously
enumerated are made.
METHODS OF 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 several influencing factors which
have been enumerated, this comparison can not be made directly from a table of properties in
which these properties are grouped according to the seasoning conditions. The reason is that
in the case of the preliminary analysis the air-dried stock used for comparison was not inherently
like that kiln-dried. The trees and the parts of the trees are necessarily different and the
lIocalities of growth are, in general, different also. In the finel analysis the tests of the several
kiln runs and the air-dried were on matched stock; that is, on stock inherently the same. Thus
the source of possible error in making & direct comparison infroduced by unlike stock falls away.
However, differences in moisture content still usually exist at the time of test.

IMPROVEMENT RATIOS.

In attempting to find for use in the preliminary analysis some basis of comparison which
would, as far as possible, avoid the errors resulting from inherently different material in the
groups compared, study of the available data showed that the change in properties which is
produced by drying is in general somewhat less 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 corresponding 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.”

. Strength value for kiln or air dried material _
Improvement ratio=g, 5 strength value for matched green material

Early tests of the effect of moisture on the strength properties had shown that in one
species, at least, the effect of moisture change was practically independent of the specific gravity
of the wood. On the other hand, the strength properties are very largely influenced by the
specific gravity. Although the relation of specific gravity to strength has been the subject
of considerable study and importent principles have been deduced, it is not possible to make
adjustment of strength figures for differences in specific gravity with sufficient exactness for

136090—20——3
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the present purpose. Hence, it seems that comparisons are likely to be less affected by differ-
ences in specific gravity if based on improvement ratlos tha.n if based on the strength propertles

themselves.
ADJUSTMENT FOR DIFFERENCES OF MOISTURE CONTENT.

In some instances the strength properties of wood change very rapidly with changes in
moisture. Some strength properties of some species are nearly tripled in drying from the green
condition to about 8 per cent moisture. In other instances, however, the strength properties
are decreased in drying. After wood has passed the fiber-saturation point,' a change of 1 per
cent in the moisture content may produce as much as 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 moisture 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 comperatively few species, and not all
the strength properties of these. In taking up the analysis of the data on the effect of kiln
drying on strength, the need of a general moisture-strength 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 carefully reviewed.

Figure 2, taken from Forest Service Bulletin 70, illustrates the relation between moisture
and several strength properties of red spruce. The graph for modulus of rupture is seen to be &
curve from zero to about 30.5 per cent moisture, beyond which it is a straight horizontel line.
This shows that as roisture increases strength decreases until a point is reached where there is
no further decrease. This point (30.5 per cent in this case) is termed the fiber-saturation point.
At this point the cell walls are completely saturated, but there is no free or excess water in the
pores of the cells.

In studymg data as given in Forest Service Cn‘cular 108 and Forest Service Bulletin 70 on
the several species and properties, it was found that when the logarithm of the strength property
was plotted against the percentage moisture the points could be averaged, with but compara-
tively little error, by a straight line. This was so consistently true that the application of the
principle involved to other species and to other properties was thought to be justified. The
relation as found may be stated mathematically as follows:

S=0x 104"

where S is the strength value at any moisture content, M, below the fiber-saturation point, and
C and A are empmca.l factors. It has been assumed that the type of curve represented by the
above equation is applicable to all properties, to all species, and to all drying conditions, The
differences between these various curves are represented by the constants (O and A4) which
adapt the type equation to specific instances. These constants for any specific case are derived
from the data to which the equation is to be applied. The following equation, derived from
that given above, is conveniently applicable to improvement ratios:

: _M.— M, _
Log B, m X Log R,
where M, =moisture content at fiber-saturation point.
M, =moisture content of air-dried or kiln-dried material at time of test.
M, =moisture content to which it is desired to adjust improvement ratios,

R, =improvement ratio of dry material at moisture content of M,.
B,=improvement ratio adjusted to moisture content M,.

The factor ' hes been eliminated in the derivation of this equation. The fraction %ﬁl}[ is the

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

1 Seo seoond paragraph following. ¢ Resultsand disoussaion of thesa tests are given in Forest Serviocs Clrenlar 108 and Forest Service Bulletin 70.
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The use of this formuls is illustrated by the following example:

The average modulus of rupture of a certain group of material tested at 9.0 per cent moisture
was 10,240 pounds per square inch, The modulus of rupture of the corre8pondmg green ma-
terial was 4,890 pounds per square inch. The fiber-saturation pomt is 23 per cent What
would be the improvement ratio adjusted to 11 per cent moisture ¢

M,=23
M,=11
M, =9.0
10240
B=Tz00

2311
23—0.0
12

=--ﬁ>< .321=.275 and

R,=1.88

Also, modulus of rupture at 11 per cent=4,890 X1.88=9,400 pounds per square mch.

As stated above, improvement ratios and methodg of a.djustmg them for moisture are made
use of in preliminary analyses where it is necessary to compare kiln-dried material with air-
dried material from & different source. They are also found very convenient in comparing
kiln-dried material with the air-dried material actually matching it. These latter groups are
seldom at the same moisture content when tested; consequently adjustment for moisture is
necessary. This adjustment is made & trifle more easily on improvement ratios than on the
strength properties themselves.

=2.095

Log R,= X log 2.095

DISCUSSION BY SPECIES.!

The various species on which tests have been made will now be discussed individually.
This discussion will be divided into two parts, corresponding to two groups as follows:

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

Group 2.—Species on which data are not yet available on air-dried material matching that
tested green and after kiln drying.

Group 1 consists of Sitks spruce, Douglas fir, western white pine, and white ash.

Group 2 includes white pine, Norway pine, western hemlock, white fir, Port Orford
cedar, bald cypress, Central American mahogany, African mahogany (khaye sp.), northern
and southern white oak, southern red oak, black wealnut, sugar maple, and yellow birch.

The kiln-dried material of the first-three. species of group 1 will be compared directly to
air-dried material matching it. Western white pine will be used as an example of the two meth-
ods of analysis. It will first be discussed and analyzed as if tests on the air-dried material
matching that which was tested after kiln drying were not available. It will then be dis-
cussed on the basis of compa.nson of kiln-dried material with air-dried which is matched to it.
This plan will afford a comparison of the two methods of enalysis.

Since group 2 consists of those species in which data from tests of air-dried material metched
to that kiln dried are not yet available, conclusions must necessarily be made by the method
first illustrated under the discussion of western white pine. Data on the various species of
this group are not included. Only conclusions reached and recommendations based thereon
are given,

—— ey T T T - . o K - - . . o - .
I The species names used hevein are those official in the United States Forest Service except the foliowing: Centrel Amerlcan mahogany

(Swietenis mahagoni), which iz officially termed “‘mahogany;” African mahogany ( Khaye sp.), for which no official name has been adopted by
the Forest Bervice; and ‘‘commmercial white ash,”’ concerning which see footmote, p. 58.

The official common and botanical names for the other species are: Sitka spruce (Pices siichensis), Douglas fir (Pscudotsuge lorifolia), west~
ern white pine (Pinus monticola), Port Orford. cedar ( Chamacyparis lawsoniana), bald cypress ( Tasodium distickum), western hemlock ( Truga
heterophylie), white pine (Pinug atrobus), Norway pine (Pinus resinosc), white fir (Ables concolor), black walnut (Suglans nigra), sugar maple (deer
saccharum), yellow birch (Betuls lutez). Other commoen and botanical nemes spplied to the varlous spectes are given in Forest Service Bulletin
17, ““Cheok List of the Forest Froes of the United 8tates.”
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It is not the function of this monograph to discuss kiln-drying schedules; consequently only
such data concerning the drying in these experimental runs as is essential to an understanding
and mterpreta,tmn of the results of the strength tests are included. Neither is it intended that
the various graphs of kiln conditions should furnish compansons 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. Tiemann 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.
SITKA SPRUCE.

Because of the importance of Sitke spruce as an airplene material, more experimental
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
affect strength properties are available for analysis. The first three runs are those which have
been previously mentioned as preliminary. These runs were made on partially eir-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-
nessary to present the data on these preliminaery runs.

SOURCE OF MATERIAL.

The other 10 runs, on which full data are available, were made on material sent to the
Iaboratory in the log form, in three different shipments.

Shipment 504 consisted of six 8-foot logs from four trees grown in Clatsop County, Oreg.
They ranged in diameter from 53 to 77 inches. Trees 1 and 2 were each represented by two

8-foot logs, namely, bolts ¢—d i and 4 1—j for tree 1, bolts a—b and i— for tree 2. Trees 3 and 4
were represented by the e—f bolts only. Matenal from trees 2 and 3 was used in kiln runs
88 and 89, while trees 1 and 4 supplied stock for runs 91, 93, and 94.

Shlpment 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 shipment furnished material for
runs 147 and 148, data and discussion of which are included in this pubhca.tlon

Shipment 578 consisted of six logs, from as many trees, and varying in diametsr from 60 to
66 inches. Treesl, 4, 5, and 6 were represented by the a—b bolts, tree 2 by the ¢—d bolts, and
tree 3 by the e—f bolts. Trees 2 and 3 furnished material for kiln run 163, while material from
the other trees was equally divided between runs 171 and 172.

Previously tested green and air-dried material, with which comparison is made, was secured

from one tree from Chehalis County, Wash.
CUTTING AND MARKING.

The cutting and marking of Sitka spruce has been previously described (see pp. 15 and
17) is ﬂlustra,ted in figure 1 (E).

DESCRIPTION OF KILN-DRYING CONDITIONS.

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

Kiln runs 88 and 89.—Kiln runs 88 and 89 were made on stock in the form of planks 3 inches
thick and of various widths. The planks were piled flat and open as indicated in figure 5.
This figure shows the piling, arrangement of heating coils, condenser coils, spray line, and regu-
lating and measuring instruments for kiln run 89, but those for kiln run 88 were not essentially
different. Both of these runs were made in & 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

1 This lettering of bolts is in scoordance with the following scheme: Begin.n!ng at the stump, each 4 feet of length of the {res s assigned a lotter.

The 4-foot bolt above the stump is then a, the second b, ete. The first and second taken together are called 2-3, the eighth and ninth together
b1, ete.
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drying conditions of the two runs, as the temperatures were lower by about 30° F. all through the
run and the humidities were higher. (See fig. 3.) In order to get uniform temperatures quickly
throughout the planks, runs 88 and 89 were begun with en initial steammg of four or five hours
at temperatures of 130° and 150°F., respectively. The very frequent risesin temperature in kiln
run 88 (see fig. 3) were due to fa,ulty control apparatus. The stock from both 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

Y

72

BAFFLE CURTAIN ——t

-4./ e RN 172

72272722777

THENMONETERS

HWEATING CO/L

EAFFLES Q

F14. §.—Saction of kiln and piling diagram, 8itka spruce, kiin run 83, F1a. 6.—8ection of klln and pfling diagram, Sitka spruce, kiln run 194,

N
§
N 2
"’5 YWETANG GRY SULS ‘2 R \ Sl .‘ > ‘&oj
8 o F 7#ERIOMETER 3y \ L N
ti HNRN e
9 ’ 4 E
5 S ez ) § i IR
N //////Iﬂflr%?:l//l/zl % § S PNy §
g =N R E \ UJl!l!’).l""l?/iln'\'ili\i\l' ' S
R ///Mly////l_.::_ =| 3 \ ?
\o WA= © § /
\Ik\k\.l&l///jg r \
EE———— |
W/Alwl%l% g
e = & A EATING COILS ._
| i
N
Q
/
8
8

N

0000000000000

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

Kiln runs 91 and 93.—Kiln runs 91 and 93 were made in the same kiln as run 89, so that
figure 5, which illustrates the piling and the arrangement of kiln parts for run 89, will suffice for
these runs. The stock was of 3-inch thickness, and 14-inch stickers were used. The kiln loads
were small, as only 600 board feet were dried in each.

3 H. D. Tiemsun’s monograph, The Kiln Drying of Wood for Airplanes, includeg 4 discussjon of the stresses which are formed during drying.
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The material in run 91 was steamed twice to relieve cesehardening. These steamings were
made at 180° F, for two and one-half hours and for one hour.

No casehardening was found at any time in the matenal dried in run 93, and therefore
steaming was unnecessary.

Kiln run 94.—The kiln arrangement and method of piling used in kiln run 94 are shown in
figure 6. In this run the stock was dried, not in the form of 3-inch planks, but in sizes suitable
for airplane beam planks. The load consisted of 3 by 4 2 by 3,2 by 4, and 2 by 5 inch pleces,
_ . &l 8feetin length The 3 by 4 inch pieces
/ ///////////"//////////////// were piled as shown in the diagram, using
13-inch stickers and leaving about 3 inches
\. —Q—@‘_' -"_@' between the sticks of each tier. The 2-inch
Cestir 4 Cod/ material was similarly 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 repetition
of the temperatures and humidities of run 93
(see fig. 3). The final moisture content was
9.6 per cent, and there was no visible degrade
nor any caschardening at any time during the
run.

Kiln run 147.—Run 147 was also made
on pieces of small size. These were rough-
sawed sticks 24 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 slant, as shown in figure 7.
The material developed slight casehardening,
which weas relieved by steaming twice at a
temperature of 160°, as shown on the tempera-~
ture and humidity curves of figure 4.

Kiln run 148.—The other kiln run on
stock of shipment 563 was numbered 148.
. This was made for the explicit purpose of
finding the effect, on both appearance and
strength, of high temperature drying with
moderate bumidities. 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 between the planks. The

kiln was of the type shown in figure 6. The
kiln conditions and average moisture contents
/////// of the samples are shown in figure 4.
Kiln runs 168, 171, and 172.—Of the
Fie. T—Sestion of Hin showlng method of plling itia spruce, kiin 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 temperatures used. Both runs were made
in water-spray kilns. The arrangements of the kilns and the locations of the messuring and
controlling instruments were practically the same as is shown in figure 8. The stock was in the
form of 2§-inch planks, 8 feet long, and vaiied in width from 6 to 18 inches. The piling was
flat, with 13-inch stickers and with 2-inch spaces between the planks of each tier.

The stock of run 163 was given a preliminary steaming of two hours at 155° F. in order to
warm the planks through before drying conditions were established. The temperatures, humid-
ities, and the average moistures for the six samples varied from day to day according to the
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curves of figure 4. There was a 2 per cent degrade in this run, due to warping and to surface
checking in the sapwood of some of the planks.

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

THE AIR DRYING.

Material of shipment 504, matching that kiln dried in runs 88, 89, 91, 93, and 94, was air
dried in the form of sticks 2§ by 2} inches by 4 feet, the ends being carefully paraffined to pre-
vent end drying. It was dried for about one year, from midsummer 1917 to midsummer 1918
in a shed without artificial heat. The shed was open on the north and closed on the other three
sides. The specimens were piled about 7 feet above the ground, midway between the ground
and the roof of the shed. The conditions thus secured were considered as favorable for perfect
air drying as are obtainable. When stored for drying the average moisture content of the group
of sticks matching two of the kiln runs (88 and 89) was about 49.1 per cent, and for another
group of sticks matching kiln runs 91, 93, and 94 about 41.5 per cent. The final moisture con-
tents, after the material appeared to have reached constant weight, as indicated by periodic
weighing of samples, were found to be very uniform and somewhat higher than was anticipated.’
For six samples they were 14.0,14.3,14.2,14.3,14.3, and 14.5 per cent, giving an average of 14.3
per cent. 'The moisture at the time of test was nearly 2 per cent less, since some time necessarily
elapsed from the time of removal from the drying shed, during which time the sticks were stored
indoors in & warmer and drier atmosphere.  _.

 STRENGTH DATA. .
The conclusions which are to be drawn regarding the effect, on the strength of Sitka spruce,
of the various conditions of seasoning just described are based on the study of a series of tables

giving both the mechanical properties of the various groups of material and the improvement
ratios. The ratios are further presented in graph form for the sake of ready intercomparison.

TasLE 1.— Mechanical properties of Sitke spruce. Tabulation of test data. No adjustment for moisture.

Treo 188, :
Shipment 325, 8hi; t
) et . pment 504. From Olatsop County, Oreg.
County, Wash.
Propertles. Afr-dryt Green | Afr-dry]
gﬁiﬁ. mateh| gy | gn match- mﬁgh— -
reen. n K¥
Groen. (atrdrr| | B | mm | el el
runs | runs | 8. runs oL ¢3. [TX
83,8, | 88,80, 91&98. 91328,
STATIC BENDING.
Molsture (percent) 3, rececncorsascsscrestascasencne 54.4 8.8 49.1 4 9.1 10.7 41.5 12.5 10.7 1.1 y
%ecm CETAVILY Beeuceseresnssosmocssnsosanaracnonce B830( .38 .36 880 [ L3608 8| .a7| .3a2] .36 a’sg
berstressat elasticllmlt (l'bs. -1 T 7% T 2,730 B,% 8,060 01 6,870 6,000 8,240| 5,780{ 5,820 6,160 7,820
TFiber stress at maxiraum loed (1 per o i0)e.... 5,200 | 10, 5,0401 8,470 | 10,440 | 9,110 |} 4,820 | 8,430{ 9,220 20 { 10,200
Modulus of elasticl! 21,000 1ba. peraq. in.).eoce.-ed 1,050 | 1,410(j 1,163 1,852 1,861 | 1,418 1,085] 1,304 | 1,873 | 1,478 L517
Work to elastic imit inch-lbs.ggcu.ln. ......... A3 i 471 L] in| Lo B71 has| las| L4s| Am
Work to maximum load per eu. fn.). ... 5.7 9.2 5.4 7.44 8.8 7.7 5.4 7.84 9.5 6.7 7.8
Work, total (Inch-ibs. per et (). ceceeneennennnn. 17.9| 19.9 17 focnncens 14.68| 134 18102 wal 57T -8
IMPACT BENDING, 50-POUND HAMMER.
H‘oistm'e (peroent)z ................................ 78.2 8.0 .1 13.0 9.1 1.7 .11 122| 10.8{ 10 .
................................... B | oAl i 87| .Jassl .mw| .3m| .%0| o8| .4
ﬂtelnsﬂmmlt 7,220 | 12,680 § 8,030 10,120 | 11,500 | 10,000 7,& 9,940 | 10,380 | 10,710 | 13,140
M‘odu]u,s o{ala.sticity 1,000 bl.persq ln ......... 1,308 | L,845f 1,807) 1,618 1,702 | 1,650 § I, 1,663 | 1696 | 1731| 1830
Worktoelasﬂcnmlt B)er ......... 2.2 £.8 28] £.4 41 2.7 3.4 8.6 3. ’4.3
Inches drop 50-pound er ure ............ H.0] 290 81.0] 2.4 # 22 - 19| 1.5 93 71 o5
COMPEESSION PARALLEL TO GRAIN,
Molsture (percent)! weo) 544 &9 40| 125 9.2] 105} 4.6 12.90]| 10.4 .
e gravitys. vone P .32 35 843 374 .378 81 887 868 .362 .158; g"i'g
e T O ST T TTT T AT 6.1 894 4.8 60] 16.68| 17.4 13.9 7.4} isg| 138 it
mm%ﬂo t)..E.(.-......;d.l.ﬁ:). ........ : g . ggg L 81?3 A T T 3 ;wa 4 9
o S ximum [0ad (1bs. per 8q. 11.)-soee 3 Yonn | T a renl Branl minn I ofian orcaatl BUM lecccecselinnans..
Flber stress st meximum load (lg:rpersq {79 Y. 2,280 5,0‘10_ 2,200 | 4,680 ?,680 8,100 | 2100 ["4;580°| 5120 | 6;400°|"""8;400

:Verypmbngilsytmabednlwhichin!rdriedemhMmﬂMMmtmchltsabsduﬁenﬂﬂmnmofmobhmtwsermlym
gravity based on oven-dry weigh 1andvolnmeumtod.
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Tanre 1.—Mechanical properties of Sitka spruce. Tabulation of test data. No adjustment for moisture—Continued.

Shipment 863, Fx:om Mult- Shipment 578,
Green Green| || Groem Green Green
Properties, ma[ggh— Kiln match Kiln malntgh- Kiln mil.ggh- Xin match- Klin-
xin | T i i i | | xin i | mm
ran ‘ run 48. rum 3 ron m TUR 172
14_7. 148.. 163, 171, 172,
STATIO BENDING, ) .
Molsture CENL) laecnuansrencovoacesusanisecnsrnaancance £0.5 10.3 37.9 ILS 4.2 12,8 41.8 8.9 4.0 10.
flc gra’ (per .? .......................... w400 425 3071 434 .388 384 .362 -382 || - .368 gsg
h stressnt elastlc Hmit (rha sq. in. ) .- 8,270 7,882 8,760 78381 3,410] 8,160( 8,210} 6,810 8,180} 7,220
her stress at maximum load 8,007 | 10,756 || 6,084} 10,042 || 5,180 [ 8720 | 8160 | 16,880 1| 5,120 10,8590
Mad.ulus of elastial El 0001bs.persq in. . 1,444 § 1,608 1,474 1,685 ) .1,088| 1,248 | 1,068} L4481l 3,061} 1,408
‘Work to elastic] ch-Ibs, Bgrcu 1n. i cosseovalsenieons el Lo K] i.oc .53 187 .56 i.m
Work to maximnm loed ch-l per ot in.) . .| 630] 10.01 6287 Q.09 6.86| 8.66 570] 8.78 0.41 9,18
Work, total (Inch-1bs. percu ) TPV SAN PPN DY S| IR RN | APPOUIIIN PP SR R EE 13.50
IMPACT BENDING, w-romm BAMMER, - ) .
Moisture(percent 1 0.3 10.7 87.1 11.8 4.1 10,7 42.0 10.7 42.3 9.8
o gravity t. »- . L8971 . ", 398 A . 346 870 3780 -.872 . 386
messatelasticllmlt per sq l.n. cemenndf| 9,854 ) 11,848 ; 7,300 | 11,420 7,870 | 11,8801 7,840 9,780
Modulus o(elaatlorlt 1,000 1ba per 84, in, . J o 1,5561{ 1,804 11,278 ) 1,18t | 1,828 11 1,168 1,55%
‘Work to elastic inch-1bs, qu ln.) 8.4 4.2 2.4 2.9 4.9 3.0 ’z.s
Inoheadropw-poun 0.7 26.4 27.5 26.6 2.7 24.3 [+ 28.8 ¥
COMPRESSION ruu:.m 'rp GRAIN. AU I . .
Motature (Der 08Nt) e eeceeerrcacrasncrasaascnascsscasoanss 40. 38.2 12.3 43, 12.2 40.1 9.6 40.8 10.7
Specmogfap vitys. LA o B2l B ) | Sl oamp 5 384
Rings perinch..ceeceezzenss wseresascescansasecssatsearesfecccaren . 18.4 , 04 8.4 7.2 6.2 6.6 6.8 8
ot heatlo Tt (54, pet 33, 1t i OO Pl O OO Mt Il OOV
er § at elastlc LT TYTTTTTT R Ry FAPSPTE | MR IOTTPE! | FRTTTTres FEPRn | PEPERTe RRPRSu | e [
Fiber atress at maximum load lg:rpersq in.) 2,380 5,020
1 Par cent molstare based on oven-dry welghé. ) t 8pociflc gravify based ¢ on oven-d.ry- r "we!gh-t-ahd volume a3 tested.

The mechanical properties of all the groups of material for all conditions of seasoning are
given in the single Table 1. An additional special table of data for comparing runs 147 and
148 is Table 9. These properties are average values of .the average for all tests from each
double bolt, or 8-foot log. For example: It has already been mentioned that kiln run 88 was
made on material from three logs of shipment 504. They were thg a—b and i—j bolts of tree 2
and bolt e-f of tree 3. The average property was determined for ea.ch bolt separately and the
values given in the table are the averages of the bolt averages.

The four succeeding tables (Tables 2 to 5 inclusive) tabulate improvement ratios. They
are obtained by different groupings of the data according to the peints-to be brought out. The
first three of these tables (2, 3, and 4) pertain only to shipment 504, for which the air-dry tests
completing the work have been made. -

TaBLE 2.—Jmprovement ratio, Sitka spruce, air-dried andt kiln-dried, with and without adjustment to 11 per cent
motsture.t

Improvement mtm-a% e e e

Shipment 504.

S P R B
: m Kilnrun 88, | Kilnran gg, || -ateh kn | g0 0pn 01 | Kinrun 93, | Kiln run o4,

Propertl . : runs 01, 63,

o 8 . .|| :snde )
LR J|LR |LR|LR.|LR |LBJLR|LR. LR |LB|LE |LR |LR.|LR.[LR.|LR.
as ad- as ad- a8 ad- as ad- us ad- ad ad-~ s ad. a8 ad-
tested. fjusted.|[tested.| sted.[tested. Justed.|tested. [fusted. jtested. |[usted. itested. |[usted.tested. |justed.|tested. [justed.

STATIC BENDING. ’ R
Fiber stress at elastio - - X .-

f.e e reseranmnannas 23| 20 L@ 200 2.94 zg 18| 195 1.78| 193] rso]| r7s| Loof 1.01].2.26( 2.05
Modulus of rupture...... 2.02| 1.81 e8| 1. 2.08( 1 1.81] 1.78 LT85 Lg 1.91] 1.88) 1.84¢ 1.85| 2213 | 1Lo4
Modulus of elesticity.... - 1.36 [ 1.80 Lis| Lis| 13| 129} La| Lot} Lat| rde) 19| Las| 189 13 Le2| T3%
Work to maximum oad. 1,681 1.52 1, 1,481 154 l.g 1.43 ] 1.42 .86t L42] 178 L74[ 1.24| 1.24) 1.41| L85
TTOtal WOTK .+ eusemesenees 1.06] 104 ffeeenenn|ermnaen -2 %1 I % | o L8| 1018 feuiens|oeromnalonmnsnatonrnrcs
IMPACR nmmntc,w-

POUND HEAMMER. . |
Fiber stress at elastio . "

176 | neg ids! rse| 14 187/ 1.36) L3 }a|1a) pas Ly 13| L8] Ll L
1.35| 1.29 1.4 1.30| 1.8 25| 1.25] 1.27 34| 1.38| 13| 1.35| L39] 1.38| 1.55 1.46
1a| 1is{ 107] n.ee| 1L14| 212| Los| ros| los| ros] ne| Ton| Lu| Lu| Im| 1w
SRR O I et 270] 2.87] 244 ] 288 ... e 235 2,25 funiend]ee. O s
2.22| 107! 212 2.37] 250 222 282 | 2.24 [ %.07| 87| 2.3¢] 2.25| 2.47] 2.61| 202 2.3

1 Fiber-aaturation point=23 per cent. L. R.=Improvement ratio,

[ I
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Table 2 presents ratios derived from the properties of material of shipments 325 and 504
es presented in Table 1. Ratios are 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
e consistent variation in the strength properties according as the test specimens came from
near the central or the outer portions of the tree. It was thought that better comparisons
between kiln-dried, green, and air-dried material would be had by using smeller units of match-
ing—that is, by groups more inherently alike. Table 3 gives by inner and outer portions the
properties of each bolt. (‘“Outer” and “inner” portions are divided by the circumferential
splitting lines as illustrated in fig. 1 (E).) . The improvement ratios included are based on
average values of properties of bolts.

TABLE 8.—Properties of Sitka spruce, shipment 504 (also tmprovement ratios with and without adjusiment to 11 per
cent moisture).
SUMMARY OF INNER PORTION OF TREES ONLY.

Statie bending, 5&%0“1’“ tdbhmendj.ug; Compression parallel to grain,
Treo -
and Seasoning. Nom. Nom. N
bolt. | Mols- | M. of § M. of =1 Mols- [ Ht. of | ;.25 | afols- 8p.gr.| M.C.
be:“ 1°Bf tuee, | R. | B, |Work ?gt:.f ture, | drop. It)gtg.t tirs, | toot 3
-Pounds
Per ] p“c
Inchee, cent. inch.
.| 28 35 |-cnuee. 0.838 | 2,100
18 28 1..ea..d 3261 2,050
1 40 |.......] 3771 2,440
b2 By S N N 346 | 2,200
2.7 83 13.7| .887( 4,500
22.7 81 13.2( .358¢ 4,740
25.5 43 | 12.3| 411] 4,800
2.6 |....... 12.4 | 370 "4,740
Lop il 5.18
LIT |ececiecfecnnnncfocncnen 2.3%
27 11 ¢.5]| .378 | &,780
285 8 9.0! .388( 5,140
25 12 7.8 .408| 6,440
28.
1.
1.

B2k
LT

2%

Rz ) pu

-3
sogels| ooinie

by

)

o2

'.".° §
gl PRI

&
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Tasie 3.—Properties of Sitka spruce, shipment 504 (also improvement ratios with and without adjustment to 11 per

cent morstur, tinued.
SUMMARY OF OUTER PORTION OF TREES ONLY. .
Statio bending. Immm Compression parallel to grain,
Tree
I‘Jmldf & | Num Num Num.
olt. - - - -
Mois- | M. of | M. of Mols- | Ht. of Mols- |Sp.gr.] M.C.
tt)gtgf tue. | R. | E. Work. b?u;tg‘ twe. | drop. btgt.gt ture, | tost, 8.
Inch-
pa:gd: Poundy
per
cubie Per Per 8 ¢
nch. . | Faches. Bich.
57 8.......| 28 36 feeeeens 0.347 | 2,380
5.8 7 leconses 20 |-+ 3 AR 537 | 9,300
5.0 6t 19 sl s Len
X3 P 20.7 [coednennns 30| 3,217
8.02 7| 17| 28| 12.6( .30 4,50
8.01 8| 13.5| 21.5 2ty 12.3 ] 3641 4,850
6.18 6| 18.3|17.7 3| 18.0| 385! 4,130
¢.39 12 300
1.84 |, .
1.88 .
8.7
9.5
6.5
82
1.49
1.4
8.4 .1 &, 660
2.9 .2 5,830
5.8 .8 4,000
kO R S .| 12.0{ 20.7 |....... 10.8 | .388 | 5,000
1.40 1120000 IS B0 . MO P I b
142 % . iiecacens 1.00 [...... ..... wo|aaanand .23
5.2 7 |eeenaad] 18 35 [oneee W] 334 2,180
5.2 7l 17 % a8 | 720380
58 | unplllya 000000 a5 2
54 |...... I X T | 2,200
7.10 7| 12.1]20.0 20 12.8{ .962| 4,820
7.72 8| 12.1]21.8 82| 12.9] .860| 4,840
.84 8| 12.6|17.2 411{ 18.3 | .368 , 200
722 ). 12,3 | 19.6 |....... 18.0 ) .363 | 4,453
T enee 105 |.ooo0) . P IR 5.0
1.39 3
11.6
8.9
6.1
8.9
1.66
1.64
6.6
7.4
265 | 6.2
J41 | 6.7
1.48! 1.24
1.43 ] 1.24
1c¢-4.. 9.5 10,620 1,680 | 7.3
114 ..}mlnnn:l“... [ 9.8 (10,800 | 1,720 | &1
def. 9.4 10280 | 1,435 | 6.9
0.6 1,563 7.4 .
155 ] 1.97 ) coneed] 1300000000 D SO PR e X
148 ] 1.8 (LooIllli e (LIiIi SRR MO B X

Explanation of terms, ete.:

Molsture content based on oven-dry weight
M of B Mogulis of Shtioity L3000 povinis p nuare tnch

. of E = us of —~ uare inch,
Yy i el oud_vin o g ablo ot

o U, 5 X — aare
Ht. of drop=Helght of drop of 50-pound Bemmes to §mplete fallure—inches.
I. R.=Improvement ratio= ; C o
L R.n=Improvement ratio—adjusted to 11

oent malsture,
8p. gr. test=Speciflc gravity based on welgh

t and volume as tested.
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Improvement ratios based on a still further subdivision of the unit for matching are shown
in Table 4. These are derived from some of the values shown in the preceding table, Only
the extreme lower and upper bolts from among those available are included, so that the trees
2 and 3, having only the bolts ef; are not represented. Tables 3 and 4 serve the purpose of
detecting differences, if any exist, between the effect of drying on material from different parts
of the trees, and are useful in supportmg the conclusions reached from the study of ratios based
on the general properties shown in Table 2.

TABLE 4. —Summary of improtement ratios according to bolis—Sitka spruce—shipment 504. Kiln runs 88, 89, 91, 98,

and 94 and air dry to match.
Inner portion. Outer portion.
Lower bolt, A-Bor| gpper bolt, 1. | LowerBolt, A-Bor| gpper bolt, 1.
Tree
Seasoning. Bolts. - C e
Property. No. I.R.as [L.R.ad-| L R.as |L R.ad-[ L R.88 [L R.ad-| I. R.as {L R, ad-
tested. | justed. | tested. | justed. | tested. | justed. | tested. | Justed.
1 2 8 4 5 8 7 8
2| A-B, I.... 1.78 1.90 L7 187 165 L74 1.63 L7
2 | A-B, I—J.... 2.16 Lo8 2.09 1.96 1.97 188 2.2 195
2| A-B,I-7... 132 18 2.37 2.20 178 188 1.98 1.78
1] C-D, ... LM% L8 1.76 186 1.%0 197 1.78 1.8
DI o 2 A SR PSRN PURRON RO RN 2.08 2.07 1.95 1.82
i|¢D1y.. .65 1.67 1.85 2.00 1.90 .83 187 .96
1|0-D,13.... 2.35 1.88 178 1.68 2.14 1.97 2.19 2.04
2| A-B, I-I....] 1.07 08 1.18 1.20 1.08] 109 1.31 .23
2{aB,17...| ras| 1se| L] vLs| L2| L[ wLs0 L4
2{ A-BIT.... 1.28 123 151 148 112 Lu 1.3¢ 128
1| C-D,H.... 1.28 131 .52 136 182 L2 127 .30
P05 0 s SO ORI DU ORI S 1.51 1.51 1.20 1.18
1| 6Dyl 143 1.44 1.36 1.42 1.54 1.50 1.48 1.50
1| C-D,IJ.... 111 108 L26 .28 1.62 L5 1.57 1.5
2| A-B, IJ.... 1.29 L84 L5L 1.57 1.4 148 1.38 1.42
2| A-B, I.... 1.40 1.85 178 1.65 1.58 148 1.64 153
2| A-B, 1700 1.10 110 196 101 147 151 153 14
Alr dry to match kiln 1| G-D, H.... 174 18 1.37 1.4 1.86 148 148 1.55
d 94.
Ksrﬁn;xgnl R 1| ¢-D, ..., .23 2.22 17 163
Kﬂnnmes.. 16D 17 127 1.25 1.42 1.46
UKiln run 94 1]C-D,I-7 1.40 135 1.56 1.50
A.irdrytomatchkﬂn 2| A-B, I-J.... 2,19 248 2.31 2.54 2.04 2.28 2.1 2.81
runs 88 and 89,
KAIN 1N 88 e cevennn.- .| 2]a-B,II.... 2.75 2.48 2501 2190 2.30 2.20 2.49 2.18
m%g ............ 3| A-B 1-T.000 260, 2.4 2.68 2.37 2.34 2.22 2.45 2.17
M.C.8eeeee “HAirdry tomatch kfin| 1]C-D,IJ....|  2.06 2.34 2.28 2.52 2.07 2.35 2.08 2.30
runs 91, 03, and 94.
DR e 5 » M o SRR DO PO SN ISR ISPPOUP 2.8 - 2.29 2.30
1| G-D,Id.... 257 2.80 2.52 2.97 2.31 2.48 2.38 2.71
1{C-D,I-J.... 3. 25 3.24 2.52 2.8 32.28 0S|  2.69
3| A-B,IJ.... .8 .85 1.26] 132 104 1.05 107 LO§
d
cesenencmnen 2| A-B, I-.... 1.038  L03 1.39 134 104 Lod 130 125
Knn?umﬁg ............ 2| A-BIT. 0 7 .78 L6l 149 .96 .96 115 113
m‘“mp""'rmdryto match kiln |} 1| 0-D,I7.... .02 .2 1.20 La 11 L13 125 128
runs 91, 63, and 84 -
b (%70 2 Y IS SRR A SO 1.28 128 1L 120
TR Y A 1.40 1.37 126 1.26 1.1 L1 147 L48
1|CD 1.0 32.06 1.78 168 1.5 1.33 128 1.64 1.56
Explanation of terms
xpu. of R.=Mpdulus of rupture, static bending.
o!E =Modnlus of elasticity, sﬁaticbmding
Work=Work to maximum I oaﬁ.,
M, C. 8. =Maximom h,compress!on parallel to grain.
Ht. of drop=Height oldrop, bending.

I. R.=Improvement ra
Improvement ratios nd]usted to 11 per eent moisture,
Fiber-saturation point=23 per cent.
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The improvement ratios for material from shipments 563 and 578 (Table 5), for which
the air-dried material is not yet ready for test, are obtained in a somewhat different manner.
The ratios are computed 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, 163, 171, and 172, and are shown in Table 5.

TaBLE 5.—Improvement ratios according to bolts (adjusted to 11 per cent motsture).
[Bitlra sprivce: Kiln runs 147 and 148, shipment 563, and kﬂnrum 188, 171, and 173, shipment 578.]

Impact bending, Compression parallel
Btatic hending. §0-pound hammer, D e
Work to Helght of Max. er,
Seasoning. 'l‘ree)%.nd M.ofR. M.ofE.  |paximum losd. drop. strength.
Mols- - - Mols-
LE.|LR. JLR [|LR |LR |LRBR |twse. |LR.|LR. | tare | LR |LR.
as ad- as o a8 - a8 ad- a8 ad-
tested. | Justed. | tested. | Justed. | tested. | justed, tested. | justed. tested, | Justed.
Per ¢t. o L3 Per ct. Peref.
' S 1.6 1.8 180} 1.40| 1.48| 1.8¢) 1900] 127} 1.21{ 1a5| 325| z10] =3¢
1 ed...... 1.2 187} 1890 LOL| 2Of [ceeuececdonennnan 105 1.38] 1.35| 1.1 a207r] =208
K!ln run 147 (ship. 563). |12 a-h...... 10.5| 165 ne2| .78 77| L83] 1.40[ 00| 1.46| 1.42| 108| 20 1.99
2 o4 102 1.78| 1.m| .8 ;3 FOUN 9.7 1.55| 1.40| 11.5] 29| 257
8 o4 85| L7s| vas| v LH| L 104 vos| Tl 05| L@ Las
L8| 178 no7| ro7| 18] 15%)....... 1.37| 1.36|....... 2.08| %10
4] vm| 1ie) Lie| 1% 1.e8| 18.1 891 .87 18.8] 1.95| 239
L% 1.7 1.10] 10| 7| 1.7a| 1.0] 105 1.05| 1227| 200 %226
1.94| 1.8] 120} 127 1®| 17| 11.5] 1.19) 1.20| 1.0 242} 24
2041 1700| L2} 1.22( 380 144! 11.2] 1.19] 119 123] 248| 270
1.84) 1.64) e8] .83 17| L17) 120] .85 .&| 11.8] 2m| ai
1.80] 1.78) 1.14) 14| 14| L45|....... 1.8 1.03]....... 220 2.4
o-d 1.8 wmw] Los| ri4]| rirf 1| 1.4 100 .| .e4| 129 181! g0
Kila run 163 ship. 578). {§ §-7""" 4| Lel| Lm| U6| L7 LT| Ll e voe| roo| 1s| nm| 1w
ATOr8ge. evevantenniernenncifennnnne 1.68| 1.82] 114| 1.16] L35} 1.29(........ N2 S ) T 17| 1.8
ivbe 2] 1R Rl rE] iRl LA ra) B3l @] 3| 63| ia| i
Kiln run 171 (ship. 578). K5 473,077 o3| za0| Lol 13| LR LB p#l By Oy B B3 2% 2.16
8 a-b..... 91) 22| Let{ L4 37| Le7| 1.56| 7| 110] 17| o.2| 254| %28
205} 1.8 1.33| 1.30| i3] 149f....... .93 N I 26| 227
208+ 'L.98| 1.29] 1.27! L] 1.27 9.7 .82 B4 17| 2.36 2.49
2.04 | 1.93| ¥os| 1.28| 1.48)] 1.39| &5 .s3| .s8) 106| 241 2.36
208 200| 1.40| 1.87| i.48)1 1.45| 108 70| .70} 10.2 9| 323
2.3 218 1.35! 1.89| 1.58] 1.60] 10.2| 119} 118} 10.1 2.4
2.08| 203 1.82) 1.31| 1.48] 1.41[e.e..... .89 -1 3 P, 2.48 i
M. of R.=Modulus of rupture.
M. of B.=Modulus of elasticity.
X. Or, =Maximom orushlngstmngth.
L R.=Improvement ratio.

Fiber-saturation point=23 per cent.

The improvement ratios as given in Tables 2, 3, 4, 5, and 10 are put into graphical form
in figures 8, 9, and 10. Figure 8 also shows ratios for air seasoning of & closely allied species,
red spruce, based on data from a bulletin of the Forest Service.! In figure 8 the values plotted
for previous air-dry tests of shipment 325 and the values of improvement ratios shown by dotted
lines (shipment 504, kiln runs 88, 89, 91, 93, 94) are from Table 2. The last 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 included because of the bearing of
these ratios on the question of the effect of high temperature.

DISCUSSION.
OOMPARISON OF KILN-DRIED WITHE MATOHED AIR-DRIED MATERIAL,

The outstending fact indicated by figure 9 and by that part of figure 8 pertaining to material
for which air-dry tests are available (shipment 504) is the very general excellence of the material
which hes been kiln dried, as compared in each case.with the corresponding air-dried stock.

Irrespective of the unit of matehing, whether matched by units of three whole bolts, by the
inner and outer portions for three bolts, or by inner and outer portions for individual bolts,

* Forest Sarvice Bulletin 70, The Effect of Mojsture on the Strength and 8tiffness of Wood.

e =
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the excellence of the kiln-dried material is general
with respect to all of the five properties.

The conclusions as to the relatlve merits of the
various kiln runs 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 a.ir-dry except in com-
pression parallel, and possibly also in height of drop.

(2) In the other group of material (including
runs 91, 93, and 94) kiln run 94 shows, with most con-
sistency, the highest improvement ratio. Taking all

the properties into consideration, it is difficult to choose

between runs 91 and 93. If, however, we base a deci-
gion on the highly important properties of work to
maximum load and height of drop, it would be con-
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 material of

the group matching runs 88 and 89 shows about the
same improvement over greeJi as doeé that of the
group matching rung 91, 93, and 94, ‘and that they
differ considerably less from eaoh other than they do
from the air-dry of the previgus shipment, 325. 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 intercomparison of the improvement
ratios, it is not possible to state positively that any
of them give improvements equal or superior to those
to be obtained by air drying until maicked air-dried

material has actually been tested. To illustrate: If .

tests on the air-dried groups matching kiln runs 88,
89, 91, 93, and 94 were not gvailable, a,nd Judgment
of these runs had to he based on & ‘comparison of their

improvement ratios with 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 stock 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 kiln-drying. On the other hand, it might happen
that such a comparison would lead to the conclusion
that a given drying process was entirely safe, when
such was not the case. However, in making such
comperisons 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 results.
That ell the runs, 89 included, have given satisfac-
tory results is indicated by the data presented herein.
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The sbove conclusions have been arrived at by a consideration of the ratios shown in
figures 8 and 9, menta]ly balancing a deﬁclency in one property against superior excellence in-
another. Whlle it is necessary to exercise care in any attempt to reduce comparisons to an
exact mathematicel basis, it is mterestmg to note how comparisons on such a basis lead to
practically the same conclusions as given. Table 6! gives the results of a computatlon of the

«‘efficienicies’’_of the various runs. '
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F1a. 9.—Improvement ratios for comparing upper and lower bolts and fimer and outer portions, Bitks spruce, shipment 504,
TapLE 6.—Efficiencies of various kiln runs—Sitka spruce—Shipment 504.
Kiin run 88. Kiinrun 89 Kiln run 91. Kiln run €3. Kiln run M.
E EXF E | EXF E EXF E EXF E Ex¥
Per'cent, Per cent. Per cent, P T
Modulus of raptnre......oevcceeeana. 104.3 208. 6 9 107.8 “5&"9 197.8 ¢ cesi. 104.83 Pulﬁlg.‘fi 2042
Modulus of elagtlelty .t 109.0] 4360 1025 4100 o1| ared]| 1023| 92| 1000 400.0
Work to maximum | 1022] 304.8 Q3] 208 IRB| 388 87.4| 2022 95.0 5.0
DIOP.rneeremnaznmecnzerenn 103.8] 3114 gr.8f{ 2019] T41| 23| 1048] B8l44| 1109 350.7
Maximum crushing strength B.7| 1874 L5| 189.0 95.0| 100.0| 10.5{ 330 100.5 2010
BErmanaeeernenzonaenmen K120 |oeeiommnnn 49205 |oeeleonen T B024 foieanens BITT |oeesamnes
e Avarage B. 01T . leg [l BB A I L] e
X s v gt £ e [ Vel iy MR e M ] S
F=Weighting factor. I
E=Efficlency= provement ratio for property of kiln-dry

Tmprovement ratfo for same property of corresponding slr-dry

1 The welghting factors F used in this and other tables are those which have been used in computing a composite figure to measure the suit-
ability of various species for alroraft use. The relative importance of the varlous properties and the applicability of such factors in the present
instance might be subject to some question. However, the facts that the “average efficiencies’ and “welghted average efficiencies” as givenin
Table 6 do not differ significantly, and that both metheds put the various kiln runsin the same order, indicates that, in the present instanceat
loast, any reasonable welghting scheme would bring approximately the same results,
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Table 6 is derived from figure 8 and with its footnotes is self-eitplanatory. The arrange-
ment of kiln runs in order of descending weighted average efficiencies as obtained from Table 6

is as follows: Effcienecy
(percent).

AEE AEYANG. ¢ o een et 100.0

Klnrun9l..ceeereereranennnnn eeetceescecaacecsesnccsecenareacennnnn 105.3

Kiln rum 88. o ccciiiiiiiiiaeieceeeeeeeareaenranneareannoranan ceemeeenen 108.6

KN TUD Q4. o i i iiiieiiieecactcraaccvencesnasaorannssancrceansaannasn 108.6

KiIn rin 98, i icieeiireiceecccaacanicnnacsacncannscasrataannaneann 100. 1

RAIN rUn 8. it iiiiiieeieicaeecesnaneanonnceeossansaacacannconna 98.3

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

TaBLE 7.—Eficiencies of various kiln runs—Sitka spruce—Shipment 504— Upper bolts.
(A)—OUTER PORTION.

Kiln run 88. Eiln run 89, Kinrun9i. Kiln run 63. Kiln run 9.
Property. F
E ExF E EXF E ExXF E ExF E - EXF
Per cent, 22.8 Per cent, Per cend, Per eent. Per cent,
Modulus of rupture........ P, 2 113.4 1040 . 106. 5 220.0
Modulus of elasticity.... J 4 115.8 467.6
w 3 107.0 200.7
3 116.0 364.8
2 94.2 9.4
1,568.5
[N PR 112.0
(B}-INNER PORTION.
N Kiln run 88. Kiln run 89. XlIn run 91. Kil run 83. Kiln run ¢4.
Property. F
E EXF E ExXF E EXF E ExF E EXF
Modulus of rupture. e ceee e e aeee 2
Modulus of elasticity...... Jd 4
23 AP 3
Drop........ ...| 8
Compression. . 2
Eng ............................
ngXF +ZF=welghted average E..|....

Fu= Welghting factor

E=Efficlency= Improvement ratio for property of kdin dry

Improvement ratio for same property of corresponding air dry

TaBrLe 8.—E fficiencies of kiln runs—Sitka spruce—Shipment 504— Lower bolts.
(A)}-OUTER PORTION.

Kiln run 88. Kiln run 89. Kiln run 81. Kiln run 93. Kiln run 84.
Property. F -
E EXF E ExXF E EXF B EXF E EXF
Per cend. Per cent. Per ccng Per cent. Per cenl.
106.9 213.8 106.9 213.8 106. 210.0 92.9 . 100.0
110.0 440.0 101.9 3.8 875.2 92.5 5.0

Property. F
B EXF E EXF
Per cent. Per cent,
Modulus of rupture. 2 104.1 208.2 7 206.2
Modulus of elastizity 4 120.2 480.8 114.9 354.0
WOrK. cacvevoracnnes 8 100.9 302.7 82.0 3¢0.3
Drop—impact.... 8 121.0 363.0 oL7 573.6
Compression.....cceeenveecancaaas 2 99.1 198.2 97.5 2100
1182573 5 S N SRR 1,552.0 |.oeeoal. | 1,710.1
2(EXF)+2ZF=weighted averageE..}]-...)ceeeea.oos 111.0 [.ceen.n... 122.1
Fm=Weighting factor

Improi'ement ratlo for property of kiln dry

E=Eficlency= Improvement ratio Jor same property of copresponding sir dry

136990—20——%
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Tables 7 and 8 present data similar to those of Table 6, but derived from figure 9. ' They
show efficiency figures for various smaller groups of matenal Tables 7 and 8, as would be
expected, disclose considerably greater variations than are shown in Table 6. The averages
naturelly 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 among these figures for smaller groups of material. It is notable, however, that
there are few cases in which both work to maximum load and drop, or both modulus 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 processes. 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 large
ones. In other words, the differences between. amall groups of tests are likely to have little
meaning, and conclusions as to the effect of the kiln processes can best be reached from con-
sideration of the larger groups.

Table 6, then, leads to the fo]lowmg conclusmns, which are practically the same as those
previously sta.ted

1. Runs 88, 91, 93, and 94 have produced material equal or supenor to-material that was
air-dried.

2. Run 89 is proba.bly the poorest of the runs, but may be considered pra.ctmally equal '

to the sir-dry.
From Nos. 1 and 2 would follow:

3. Within the limits used, 115° o 180° F, the strength propertles of Sitka spruce are _

independent of the temperature of drying (but see followmg paragraph).

As has been mentioned, it is to ha expected that a given process or set of d.rymg conditions
will have a different effect on different groups of material from the same species, and that it
may be possible for & process to. be safe for one group and very damaging to another. This
expectation has been fulfilled in this series of tests, and consideration of some of the runs yet
to be discussed necessitates a considerable modification of conclusion No, 3 above.

DISCOUSSION OF RUNS FOR WHICH DATA ON MATOHED AIR-DRIED MATERIAL ARE NOT YET AVAILABLE.

Consideration is now to be given to material from additional kiln runs. Air-dried material
matched to that dried in these rups and tested is not-yet available for test.

Runs 147 and 148—Two of these runs (147 and 148) are perticulerly worthy of
attention.

Run 147 was made on pieces 2} by 21» 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 regulated as to keep ca.sehardemng et & minimum. Run 148 was on material from the
same logs as run 147; material was in the form of wide planks 23 inches thick and the tempera-
tures were 160° F. 1mf,1al and 180° F. final.

Strength data for these runs are given in Tebles 1 and 9. Improvement ratios are shown
in Table 5 and in figure 8. These improvement ratios are based on all the material in each
run as compared to correspondmg green materml and serve for a general companson of these
two with other runs, -
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TasLe 9.—Mechanical properties of Sitka spruce.
[Special table for comparing kiln runs 147 and 148, shipment 563.]

N _ Btatic bending.
- . -~ Mofsturs.! Speclfic gravity.! Modulusof - Modnlus of Work to maximum
Kiln runs. Tres and bolt. - graviy _ rupture. elasticity. ) Ioad.
Kilp run Kiln run EKiln run Kiln run Xiln run .
1470r | Qreen. | 147aor | Green. | 147or | Gréen. | 147or | Green. | 147or | Green.
148, 148, 148. 148, 148.
R Poundl
: per sgore
0.446 0.423 11,900
17 404 382 8,480
....... seancsenvenss 410 .92 10'w)
-390 .365 9,930
Average......e.e 36. 412 .301 10,322
DRl Bl cam| | Wi
148 (outer portion). ... }.(1):0 BL.2 .418 m52| T4
.5 84.3 875 359 X
AVerBge.ceeccces[sccacnsrenscncncas 10.9 38.5 412 .378 1 10,820 6,043 1,508 1,440 7.8 6.36
. Impact bending, 50-pound hammer. Compression parallel to grein.
) Maximum crush-
1 1
! T’{,’g H‘;,nd Moisture. Specifio gravity.l | Height of drop Molstura. Bpecifie gravity.s ing strength.
Kiin Kiln Kiln |, Kiln
run 147 | Green. | run 147 | Green. | run 147 [ Green. | run 147 | Green. | run 147 [ Green. | run 147 | Green.
or 148, or 148, or 148. or 148, or 148, or 148,
Pounds | Pounds
per
0 square | aguare
er cent. | Per cent. Inches. | Inches. | Per cend.|Per cent. nch. f#‘ch.
1 od........] 10.5 40.2 0.445 0.410 88.0 28.0 1.1 89.0 0. 430 0.408 8,615 3,138
147 2 8 Deeeenn-n 10.0 35.0 42 28.0 19.2 10.8 87.2 .410 -384 y 2,
----------- 2 o~d........| 5 32.8 421 384 31.0 20.0 1.5 34.0 415 L3897 6,230 2,845
5 cd........ 10.4 306.2 .380 .868 25.5 20.4 10.5 871.5 394 .384 5,490 2,8%
AvVernge....eecscecean P 10.1 36.1 419 .385 30.6 2.9 10.9 36.9 412 .388 | 5,876 2,864
1 ed.......] 11.2 37.8 -440 403 29.0 28.0 18.9 84.8 .487 -410 6,176 3,038
148 (oufer por- ||2 8-D........ 10.8 31.8 409 .389 25.0 21.0 10.5 32.4 .407 .389 6,850 2,
........... 2 od........ 10.3 35.4 414 -395 24.0 20 1] 12.4 37.8 .418 .878 6,670 2,
5 c—d........ 12.0 2.8 .388 .362 16.0 20.0 12.5 82.0 .38 .368 5,170 2,747
AVerage....ecerncccenas on 1.1 1}4.1 413 387 24.0 22.0 12.3 34.2 .411 386 6,317 2,826
1 Per cent mojstare based on oven-dry
8 Spacific gravity based an: oven-dry a.n.dvnlumecsteatad

Figures better suited to the compa.rlson of runs 147 and 148 are glven in Ta.ble 9. Im- |

provement ratios derived from them are given in Table 10 and graphed in figure 107" These
data differ from those of Tables 1 and 5 and figure 8 chleﬂy in that run 147 included no material
from the central portions of the various bolts, so that in making Tables 9 and 10 and figure 10
tests on material from such central portions dried in run 148 were excluded in order to get the
best possible companson of the two runs.
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F16. 10.—~Tmprovement ratios for compering kiln runs 147 end 148, 8{tka spruce,
TasLe 10.—Improvement ratios according to bolts (adfusted to 11 per cent moisture).
{Sitka spruce: Kiln runs 147 and 148, shipment 563.]
- Static hending. . - HBupanamun.EhmMo. OoEuaaMﬂa _.Puﬁ.ai to
Mots. | Modulus of | Modutus o Wopk to Helght of Maximum
Beasoning. Trgoend | How | raptare. elastloity. B»mw-%s drop. i
| S Mnav Mois-
c (: N ure.
LB.as| LF I1R.as| LB j1Ras] LB [ 7 [LRues| LE LR.es| LR
tested. | juqteq, | Tosted. | jugteq, | t051€. | juated tested. | juted tested. | y,gtad
118d Per ¢t ) Per ol Per ct.
- T 1 T e e e e e I L P P LTI LT
1o-d e ULE I Ee e 10,671 "L LS| IL 20| R 08
Kiin run 147 (ship. 2a-b| 10.5| 1.65| 1e2| .| .o | LTS 00| Las| Lez| 1o8| 201 Lew
868) connnerareienas 20-d-| 10.2[ 171 L72| 88| 98 lemyleewn.. @710 15| 140 1.5} 21| 227
fo-d| 0.9| 1ss] Tv6; r2e] 24 TINY|TLE| 10.4] 125] 124] 05| Les| Tiss
AVErBZe. cerens]encereanennene 0.5 LM L7 .99 ®w]| 14r] 18| 10z 14| 18] o a06] 205
IV N, T S A N U IR i SR SO AP IO N TR K P,
lo-d | 1247710687 LB CI04 |05 TR I I W 00 T X3 355
Kiln run 148% (ship. aa-b| e8| 1.00| 179 128] 1328 m_.vﬂ m_.v»o Hm_.m 119 -1 10.5 u.w 2.84
805) cennernnnnnanee go-d| 1.0 20| Les| 1xl 1@ O | @ 10.8( 120 L19| 12.4| 248 2.8
Bod| 15| 1.67| 1.60| .87 & n| 13| 120 2 ®| 124 18] 208
AVEIEge. . eevee|oernremaraones 10.9] 18| 178 11] ree| 1o 1:| 11| vros| nos| 123[ 220] 2.4

1 Data not used since corresponding @ata for other kiln run are missing,
1 Material from outer portion oniy—to match kiln run 147.
I. R.=Improvement ratio.

Comparisons of runs 147 and 148 (see fig. 10) in modulus of rupture, modulus of elasticity,
and meximum crushing strength are erratic when individual bolts are considered, but 148
averages better than 147 in each of these properties. In work to maximum load and height of
drop, the results are (contrary to those for small groups from the runs previously considered)
consistent and quite largely in favor of run 147. This leads to the conclusion that run 148
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damaged the material in work to maximum load and height of drop ! as compared to similar
material tested after drying in run 147. :

That the results of run 147 are in sl probability entarely sa’asfactory is concluded from com-
parison with the groups of air-dried material (fig. 8)2.

Rung 163, 171, and 178.—Runs 171 and 172 compare very favora.bly with the other runs
and with groups of au'-dned material, except in height of drop, where they seem. to be quite low.

Run 163 seems to fall below runs 171 and 172, and, in fact, below a number of the
groups of material graphed in figure 8. No definite conclusions concerning these rune can be
drawn until the corresponding air-dried material has been tested. :

GENERAL COMPARISON OF BUNS.

Table 11 affords & means of compa,rmg all runs. It is made up in & manner similar to
Table 5, except that it gives for each run & weighted average improvement ratio instead of a
welghted average ‘‘efficiency.” “Efficiency” figures can not, of course, be obteained in advance
of tests on corresponding air-dried materiel.

Table 11 indicates practically the same thing as hes been brought out previously with
respect to the relative merits of several of the kiln runs. It does not, however, indicate an
appreciable difference between runs 147 and 148. It indicates that 163 is the poorest of all,
and rather distinctly inferior to air-dried material. Very.probably the apparently very poor

results on run 163 are only an example of variability expleinable through the fact that run 163

was on different material from the other runs. 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 are likely to occur.

TaBLE. 11.—8itka spruce—Average tmprovement ratios for all kiln runs and several groups of air-dried material.

Alr match- mateh-
Agmn sszl{‘ip- hﬁfgnmns Rilnrun8s. | Xilorun 89, Ai'}:pgdﬁnrum Kilnrun®l. | Xilnren93.
and 59, 91, 63, and 94.
i R FXR R FXR R FXR R FXR R FXR | FXR | FXR R FXR
Modulus of rupture...| 2 1.81 8.62 1.80] -3.60 1.88 3.76 1.78| 8.58 1.90 3.80 188 3.76 1.8 ] 3.70
Modulus of elasticity 4 1.30 5.20 1.18 4.72 1.20 5.16 1.21 | 4.8 1.36 5.44. 1.28 |- 5.12 1.30 | 5.66
Work to maximum ) D
1084 ceenencannnnadl 3 1.52 4.58 1.43 4.39 1.45 4£.38 1.42 | 4.26 1.42 4.28|. 1.74 | 5.22 1.24| 8.72
ODveranrecsanarannan 3 1.18 3.54 1.08 324 112 3.26 1.05| 3.18 1.03 3.007 121 3.63 1.111 8.33
Maximum crnshing - .
............ 2 1.27 8.94 2.87 4.74 2.23 4.44 2.94 1 4.48 2.87| 4.74| 2.25| 4.5 2.6L] 5.22
.................... el T8 |........ 7.88 leaeeoa. |- 798 ...l PO |a.o..... 8.08 Jeeeaoans| 8.836 |ce.....] 8.20.......
zB+5—AvemgeR 1.56 |- sy sl .73 N 1.62 .50 1.67|...0... 1 el
...................... 20.86 [l[eeeecees] 2059 |enenenns| 21.07 |oeoeo...] 2028 [[ooee....| 2008 |eeeo....f 22.23 |........ 53
g X %&+ ZF = . :
Weightedaverage R.|.... 1.4 |{........ ]_..47 ........ 1.51 |eeeacenn 145 |l.eeaenns 1.52 |........ 1.5 |aceecnns 1.54
Ave.R o 0
mr&f’n_“d%l)....... SRR TR SR SR SR RO Y I e Ty e 1.013
Kiln run 94 Kiln run 147 Kiln run 148 Kiln ran 163 Kiln run 171. | Kilnrun 172
| B [Frxafl B [FxB! B |PxR| R [FxR| B |[¥xBR| B |FxR
Modulus ofrupture 3.56 1.78 3.56 1.82 8.64 1.93 3.88 2.0 4.02
Modulus of elasticl 4.28 1.14 4.56 1.18 4.64 1.30 5.20 1.31 5.24
Work to maximum load. 4.59 1.45 4.35 1.29 8.87 1.49 4.47 1.41 4.23
ﬂi‘ﬁmmm in) 36| M| B| 3| 2B| 2| 2B I8
um g . .
........................... 7.82 |cecaee-s 718 leevenea.] 8.02)........] 8.10.......
zR+6-Average b ORI N B P T MR | I Y7 &) PR LBB |aernenss 1.43 |....... ea| 160 ...cen.. 1.63 I.......
Eé g .............. 20.7L fieencnens 20.40 |l.ceeen.. 18.84 |........ 20.88 [cacacann 21,01
EXR)+EF= Weighted average B. . 148 §2.000000) Trias |[IIIIIITY 1.85 L.l 1.49 1200000
Ave. R
rﬁ%}w. ....... s s ettt B .| RSCACES PRVIRSS SRS R D% ISR APRPUON v SRR IS

E—,Imegégvement ratio adjusted to u.per cent moigture.

. l This falling down {n thess roperties whﬂe excellent rmults were secured ln modulus of ruptare and maximnm crushing strength, is in

accordance with resulis previonsly d from tests gn ect of other treat: ts and of lmipient decsy._ It hasbeen found in such tests
thst Sg:e savere da:‘gl.aga o ol sho akreslsélngnbulty (as Lndlca y work and drop ues) may occur withorut_a.ny detectableeffect on atatiestrength
modulus of ru

maximom
sItis nota le that run 148 might be looked npon as fafr aatls(sctory wera it comparedto the dats of igure 8, exclusive of run 147. °
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PB(YI’OGRAPKS OF FAILURES.

Plates I to IX; inclusive, show failures of impact-bending sticks from various kiln runs
and from some air-dried material.. Plates I, II, and ITI, pertaining to run 148, are of particular
interest. The possible value and interest of such photographs was not suggested until the
time of the testing of these sticks. It is unfortunate that similer photographs from earlier runs,
particularly 147, are not available.

Of the faxlures shown in Plate I more than one-third 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 IT but one of two of the failures are st all indicative of brashness, and it is
difficult to believe that this material has been injured. That such is the case, however, seems
to be very definitely shown by the test results. All but one, or possibly two, of the failures
shown in Plate III are indicative of very poor material. '

Plates IV to VII show failures of sticks from runs 171 and 172, and of correspondmg green
sticks. Failures of air-dried sticks corresponding 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 eny difference between the air-dried and kiln-dried material with respect to types of
failure.

Plates I, II, and 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. -

RESUME FOR SITEA SPRUCE.

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

Data concermng 10 kiln runs are presented. These 10 runs include 5 runs, material
from which is compared to matched material tested after ait drying, and 5 for which data on
matched air-dried material are not available.

It is shown conclusively that Sitka spruce can be kiln dried without lose of strength as compared
to air drying.

In connection with this and other conclusions stated in this report it is desired to cell atten-
tion to the fact that the material which was kiln dried is compared to material air dried under
conditions probably much more favorable_to good results than is ordinerily the case. This
material was also air dried in small sticks (24 by 24 inches in cross-section). This procedure
is undoubtedly more favorable to the retention of meximum strength than is air drying in wider

planks, es is ordinarily dome. In fact, casehardening of sticks of this size was purposely
attempted in one kiln run (not discussed herein) but without success.

Data on the first five runs fail to disclose any consistent relation between the temperatures
used in drying and the strength of the resulting material, and takeén by themselves would lead
to the conclusion that, temperatures up to 180° F. ¢an be’ safely used, There is, however, quite
conclusive evidence of damage to material dried in 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. Definite evidence as to what is the criticel temper-
ature which should never be exceeded is not afforded.

It is belicved, however, that the date presented justify the conclusion, that the temperatures of
spectﬁcatwn 20500-A (120° F. initial to 146° F. final) are entirely safe.

There is no evidence of the extreme brashness which has been claimed to result from kiln

drying.

Because of the possublhty of damage from higher temperature and the fact that as the
scheduled temperature is increased the danger of damage through accidental departure from
schedule incresases, it is recommended that the temperatures of Table 1 of Specification 20500-A.
(see Appendix A of Report No. 65, ‘“Kiln Drying of Wood for Airplanes™) be not exceeded
in the drying of Sitka spruece for an'plane stock.

RECOMMENDATIONS.



PLATE I.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, KILN RUN 148.
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PLATE |L.—FAILURES OF IMPACT-BENDING SPECI_I_V_!_ENS,__?iTKA §_F_'RUCE. KILN RUN 148.



PLATE {[{.—~FAILURES OF IMPACT-BENDING SPECIMENS, SITKA S'PRUCE. KILN RUN 148.



PLATE IV.—FAILURES: OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, GREEN, MATCHING KILN RUN 171.



PLATE V.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, KILN RUN 171,



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



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



PLATE VII[.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, ATR-DRIED, MATCHING KILN RUNS

88 AND 89,



PLATE IX.—FAILURES OF IMPACT-BENDING SPECIMENS, SITKA SPRUCE, AIR-DRIED, MATCHING KILN RUNS
91, 93, AND 94, ’ ’
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DOUGLAS FIR.
SOURCE OF MATERIAL.

The material for the four experimental runs on Douglas fir was derived from 10 trees
which were grown along the lower Columbia River, in Clatsop County, Oregon, at an elevation
of about 1,600 feet. Each tree was represented by two 8-foot logs, an upper bolt (-4, i-j, or
m-n) and a lower bolt (a-b), meking in all twenty 8-foot bolts. The logs varied in size from
31 inches to 39 inches in diameter and were from 300 to 350 years old. This material con-
stituted shipment 523.

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

. The remaining material was divided among the four kiln runs. Figure 1 (B) is an example

showing how planks for test after kiln drying were selected. Figure 1 (D) shows how these
planks were divided into test specimens and how the latter were marked. Table 12 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 315, two from shipment 318, and one from shipment 354.
These shipments were from Lewis County, Wash., Lane County., Oreg., and Humboldt County,
Calif., respectively.

TasLe 12.—Douglas fir. Shipment 523. List of trees and bolls to show which bolts were represented in the various kiln runs.

Trees and bolf. Kiln ran 99, | Kiln run 101.[ Kilp run 102.| Kiln ron 108.

evedrosseasees

*Indicates that material from she bolt listed at the left was included in the kfln run whoss number appears at the top of the column.
DESCRIPTION OF KILN-DRYING CONDITIONS.

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 into the kiln soon a.fter cutting from the log and before any
appreciable drying had oecurred.

EKiln run 99.—The charge for run 99 consisted of two hundred twenty-nine 2 by 3 inch, 4
'by 5 inch, and 3 by 4 inch pieces. Arrangement of the kiln was practically the same as shown
in ﬁgu.re 7 (kiln run 147), except that the stock was flat-piled with 2 to 3 inches between the
pieces in each layer. Two-inch stickers 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 rum,
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Casehardening, though not apparent at the clese of the run, was discovered after removal
of the material from the kiln. It was accordingly reloaded, steamed for two and one-half
hours at 15Q° F. for the removal of casehardening, and then redried.

Inspection showed that less, than 1 per cent degrade occurred in this run.

Kin run 101.—Run 101 was thade in a curtain kiln the arrangement of whick is shown
iu figure 12.

The cherge consisted of 2-inch and 3-inch matenal of various widths and derived from
the same bolts as that for run 99. _ _

After a preliminary steaming at 120°'F. drying wes begun at-105° F. and 80 per cent
relative humidity, These conditions were gradually changed, as shown by figure 20, to 120°

160.
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Fi6. 11.~Kiln conditions {or Dougles fir, kiln runs 99, 101, 102, and 103 (shipment 523).

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

Less than I per cent degrade ocourred, as shown by 1nspectxon before and after kiln drying.

Kiln run 102.—The arrengement of the kiln for run 102 was’ practmally as shown in figure
& (run 89). ' The stock consisted of 2-inch and 3-inch planks of various widths. After pre-
liminary steaming at about 165° F. the temperature was raised to about 180° F., where it was
kept for the remainder of the run. The initial humidity (after steaming) was 8Q per cent.
Steaming at 180° F. was used once to remove casehardening.

EKiln run 108.—Figure 13 shows the kiln arrengement for run 103. The stock was 2-inch
and 3-inch planks of various widths. Adfter preliminary steaming at 138° F. drying was begun
with_a temperature of 117° F. and relative humidity of 85 per cent. These conditions were
gradually changed to 142° F. and about 37 per cent relative humidity at the close of the run,
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THE AIR DRYING.

Test specimens 24 by 24 inches hy 4 feet, matching the various kiln runs, were air dried
for about eight months, from February, 1918, to Oclober, 1918, under practically the same
conditions as similar Sitka spruce specimens (see p. 25), when they were found to have reached
practically constant weight. The average moisture content at time of storing was about 31
per cent. The moisture contents of the sa.mples at the end of the a:.r-drymg periods were
ahout 12 per cent. :
STRENGTH DATA.

Table 13 gives the average mechanical properties of the green and air-dried Douglas fir
previously tested (shipments 315, 318, and 354); and also—hy 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.—Average meckanical properties of Douglas fir. (Tabulations of test results without moisture adjustment.)

Shipment 52,
Various ship- . N
ments,
Lowaer bolts.
8hip, Tree. .
Property. gib é Gr::.n, Afr t’gry, Greern, Alr tg.ry,
818 8 mateh | match mnteh match
A B I O R o O R R
354 un ur %0 101, 10 T | 102 103.
- and and % and”
Green. | Airdry. || 100 101. 10,
BTATIC BENDING. . . .
Moisture (per OO eeeencn Teeens " 80.8 6.4 36.9 12.0 1.0 umsj ‘st 122 13,3 2.1
. Ldg4 B8 L4 . L8501 487

Fﬁxeoiﬂcgm ty ... . L4587 526

465 .. <500 484
stressatehsﬁoumit.(lbs persq . :
———neea 7,825 11, 437 4,810 8, 540 9,720 9,491 4,010 8,280 8,073 10, 450
Modulusot tm‘e(l % ...... 6,100 .5 12 7:860 12 51¢ 183, 38 8,6091 7,980 12,220 11 106 13, 550
¥ (1, lbs per 8q. | -
550 1,922 1
87

Mod us of . .

1,85 2000 || 1,885) 1,71 1,842] 1,704
. 221  2m| ass S 218 2.0 am
7% SOt 86| . o1 83 9.5 104 ool a2} e: 7.7 9.0

IMPACT BENDING: 50-POUND HAMMER. .
Moxsture (per cent)! tecresne st 41.4 6.4 38.5 12.1 . 10.8 11.% a1 12,2 12,3 0.6
%{: ........................ .. .468 8.7 . 490 409 .498 .517 455 480 . 499 .489

ber stress at elastm limit (tbs. per 8q. . .

D). aereseneecsenenenacnsoasomomeepanens 10,103 | 15,605 || 10,140 13,780 13,387 | '18,930 9,120 | 13,350 | 13,122 13,050
Modulus of elasticity (1,000 Tbs, per 8q. - A

P T AN AP 1,817] 2,371 1,788 2,106 2,168 | 2,508 1,547 1,067 32,397 2,250
Work to elastio limif (Inch-lbs, per ou.

1 o 3.2 a1 3.2 _ &0 3.9 4.4 13.0 5.0 4.2 41,

Drop cn.using comple%e failure (inches)...| 23.9 34.9 p 28.2 7.4 29.0 20 8.1 25.0 30.4
COMPRESSION PARALLEL TO GRAIN. _ : T .
Molsture (per cent)l .......... eeacanvans 37.9 6.4 33.3 123 - 1.9 117 8.5 1.9 10.9 8.8
Bpeclfie gravity ... .ccoveemvecaennaannn 450 . 504 435 LA91 | 49T .514 451 483 468 . 488
)P ximum ecrusiing strength @hs per ) ) - :
SQe D) ncvneerennnarmonsecnnaeeneans) . 000§ 11,238 3,80 | 7,500 7m 8,250 3,80 | 7,3, 7,220 8,610

I Per cent moisture based on oven-dry welght. ? Specifio gravity based on oven-dry weight and volume ag tested.
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TasLe 18.—Average mechanical properties of Douglas fir—Continued.

43

Bhipment 5§23.
Upper bolts.
Property. Green, { Airdry, Green, | Airdry,
t::,c):l. ti?ch t:5,4‘:]:1 tgch
ma! ma| ma! ma;
Ha | K [ E o) R RS K| oz
runs runs iy 01 rons runs 102 1%
09 9% 4 . 102 102 . -
and and and and
101, 10L. 108. 103.
ETATIC BENDING:
Molsture (per o 30.3 12.3 10.4 10.9 20.4 1.7 12.4 9.3
Specific gravity 3...enn i cemianaeas Y & 1 . 462 .433 .436 488 474 476 .490
er stress at elastio limit (]bs. Eleu: sq. m.)... %,320 7,500 8,811 8,817 4,880 7,930 7,544 9,540
Modulus of rupture (lbso& % Jei 070 | 1,320 ( 11,568 [ 11,880 7,660 ] 11,820 f 10,520 14,562
Modulus of elastlalt E bs. 1,421 1,738 1,697 1,768 1,522 1,761 1 1,831
Work to elastlo limi, (inehIls. .76 i.87 569 b.55 .01 5,08 i b1
Work to maximum load (!nch-l 6.5 8.6 8.6 8.2 6.8 8.8 7.5 7.0
IMPACT BENDING: §0-POUND HAMMER, 10.5 .
Molsture (per cent)l ....................................... 31 12.0 10.4 .45!5 30.1 11.9 11.2 9.1
BF 230 b AR, 407 .486 429 12,520 .432 .481 .47¢ . 483
bez stross at elastio U.mit . per sq. m.) .. 9,560 { 11,80 11,814 3,185 8,850 | 13,260 | 12,870 12,730
Modulus of elasticltf' per 8q. In. ; . 1,718 1,798 43,012 4.2 1,509 1,886 2,943 2,282
Work to elastfo cu.m. 3.0 4,4 3.9 240 2.9 5.0 4,2 4.0
Drop causing complets faﬂura ( ........................ 20.0 22.7 2.9 19.0 2.2 2.0 28.1
COMPRESSION PABALLET, O GRAIN .
Mofsture (per ce.nt) L eerecroccannercssancacacencmanannasan - 2.0 12.1 9.8 1.0 30.9 1.9 8.9 8.8
I&Lﬁcm@ﬁ ............................. .409 440 . 432 .432 .432 475 472 481
strength (Ibe. per eq. in.} , 630 6,810 7,358 7,496 2,900 7,230 7,440 8,7Ti0

1 Per cent mosturs based on oven-dry welght.

9 Specific gravity baced on oven-dry weight and volnme as tested.

Table 14 presents the average improvement ratios for the more important properties of
the various groups of air-dried and kiln-dried material. These ratios are derived from Table 13
and are given both with and without adjustment to a uniform moisture content (11 per cent).

TaBLE 14.—Average improvement ratios of Doug'las Sir (with end without adjustment to 11 per cent moisture).

[Shipment 528.]
Static bending. Impact bending, | Compression parallel
to graln,
Modulusof | Modnlusof Work to Helght of Meximam
Seasoning. Boli. rupfure. elasticity. maximum load, maximum drop. a%mlf
Mols- Mols- Mois-
LR. | LR.|LR.|LR.{LR.| LR. ILR. | LR LR.| LER.
as ad- as ad- as ad- as ad-
tested. | Justed. | tested. | justed. | tested. [ justed. tested. | justed. tested. | Justed.
Alr d.ryto matchhlnrum P.ct. . P.ct. P.ct.
a-b.... .0 1.59 1.88 1.20 122 1.16 1.17 12.1 1.18 1.20 12.3 1.06 2.13
b 11.0 1.70 1.70 1.24 1.24 1.27 1.27 10.8 1.14 1.14 10.9 2.08 2.05
b 11.5 1.74 1.78 1.32 1.8 1.21 1.22 1.5 .21 l.22 11.7 2.14 2.25
12.2 1.54 1.61 1.17 1.19 L1 1.12 13.2 1.28 1.31 1.9 1.80 2.00
13.3 1.39 1.51 1.20 1.26 94 ] 12.3 1.14 1.15 10.9 1.88 1.87
9.1 L.70 1.58 1.1} 1.09 1.10 1.08 0.8 1.38 1.34 8.8 2.2¢ 1.98
6.4 1.96 [ 1.62 1. 1.1 1.38 1.26 6.4 1.46 1.33 6.4 2.77 2.08
Air dry to match kiln runs
99 and 101 ...do...] 12.3 1.61 1.7 1.22 1.25 1.30 1.85 12.0 114 1.16 12.1 1.88 2.00
Kiln run 89. do. 10.4 1.684 1.60 1.19 1.18 1.30 1.29 10.4 1.20 1.19 0.8 2.08 1.80
Kiln run 101 10.9 1.68 1.67 .25 1.24 1.24 1.24 10.6 1.20 1.19 11.0 2.08 2.08
Alr dry to matoh kKiln runs
101 and 102 1.7 1.56 1.61 1.18 1.17 1.27 1.28 11.9 1.38 1.42 11.9 1.85 1.05
Kiin run 102.. 12.4 1.39 1.45 1.18 1.18 L.i0 1.12 11.2 1.2 1.21 9.9 1.91 1.81
Kilp run 108....cvvveneenes 9.3 1.66 1.56 1.07 1.05 1.16 1.14 9.1 1.48 1.40 8.8 2.24 1.98

va.mﬁnof 5 trees ot previonsly tested alr-dried material, contained In the (¢-d), (d-6), and (e-f) bolts, shipments 315, 318, and 354.

provement ratio.

The improvement ratios from Table 13 are graphed in figure 14.
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DISCUSSION.

Inspection of figure 14 indicates that of the four kiln runs, 101 alone has given results
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 bolts. The deficiencies in these instances are so
small that they are entirely offset by superlor excellence in other respects.

Further inspection shows that run 102 is very consustently, modulus of elasticity being the
only exception, inferior to the corresponding air-dry, and is, upon the whole, the poorest of
the four runs. These conclusions are supported by the figures presented in Table 15. Air
drying is taken as the standard of efficiency, or 100 per cent. The efficiencies of air drying
and of the several kiln runs, the latter as obtained by a,veragmg the figures of Table 15 (A)
with those of Table 15 (B), are as follows:

Per oent.
AIr Arying. e eseciomeeniaicraiacainteeaeeanairacacanesaacseraranaanas 100.0
Eilnrunl0l...aeeeeeiennnneanan Neeeateeenaecsesceceanmsnnemaaneanenenn 102. 4
Kiln rn 90 e i cecceiciccieiceeiccascnanceencnancaacasaercnanmtanasannen 97.8
Kinrun 108, ... o eiiiercieccesaentcccaaccocccaanceccnasannnasassnnnnen 95.1
Kiln rtn 102, caceee e cieerccesaaccccceanacccccemenestonsacacrnananesnan 92.7

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

If the values for efficiency with respect to work to maximum load and meximum d.rop
only, as given in Table 15 (A) and (B), be averaged (without weighting) we get—--

Per cont.
A dryIng. et iiiiieteciaticctccecttecaassteneanannnn 100.0
Kiln run 108, .o ceiiciiecciecaacnscctananncncacanceasascnennanemmaneennan 100. 6
KN run 99, e eeciiaiccenerancieictacccanasacacacasaneccaaraaneansannne 98.6
BIGEE T 00 T L1 S 95.8
Kiln run 102, o e o iiee s eea i ieiceeicececcaccecencancanacsannaccananneas 86.6

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

These figures all point to a rather definite relation between strength properties and the
temperatures used in drying. Inno case is the deficiency sufficient to be considered an obstacle
to the use of such material for ordinary purposes. However, any failure to equal air-dried
material must be looked upon with considerable suspicion when stock is to be used for aircraft
construction.

Tests of the effect of various steps of preservative treatment on Douglas fir have shown
that this species is especially susceptible to injury by high temperatures. Data on such tests,
together with those given herein, furnish the following for correlation of temperature and
strength:

T“m’ Reference. Modulus of rupture?
Degrees F, Per cent.

110 Kilnrun101.......... 102.3

120 Einrun 99, .ccceceee. 98.0

180 Kilnrun 103. ......... 9.8

180 Kilnrun 102, ......... 90.5

200 Bull. No. 283s........] 583.0 s@.8 76L.3

259 Bull. No. 286 4........ $78.3 ¢91.7 1850

l ’.L‘his is the temperaturs applied to green wood.
%eroentages Ofmii.glmultme Bull. No. 288: Strength Tests of Structural Timbers Treated b Commerdal Wood Pr Proewse
08! eserving
(Tablea—-Creosﬁa haﬂopressureandmo"l‘ for 27 hours.) ¥ s
staamed pound pressure for five houra,

8 Bull. No. 288: Resxﬂtsfromspeol.mam treatadgreenandtasbedsoondtettreatmsnt

§ Bull. No. 288: Results from tasts mada after ugha:.rd.rylnz treannent.

T Results of 5 and 6 averaged.

These data are plotted in figure 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.
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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 Bulletin No. 286 by showing a continual decresse of strength properties with
increase in temperature support this indication.

CONCLUSIONS,

In view of the pointe brought out in the aboye discussion these conclusions are reached:
(1) There is a quite definite relation between the strength properties of Douglas fir and i:.he
temperatures used in drying it. (2) About 120° F. js the critical temperature. above which
damage is likely to result.. (3) The decreasge of strength properties with increase in temperature
is gradual. (4) The maximum damage to he expected from the use of Table 1 of Specification
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Temperature Applied ro Green Wood -Degrees F
Fia. 15.—Relation between strangth hroperties of Douglas Air end temporature applied to the green wood.

20500-A does not exceed 5 per cent. In all probability the susceptibility to damage by heat
decreases as the moisture content decreases, so that even this damage is not really to be expected.
(5) When maximum sefety is desired, as for aircraft material, it seems doubtful if the temper-
ature of 120° F. should be exceeded before the material is ressopably dry. (6) It is to be
expected that Table 2 of Specification 20500—A will produce material fully equal to that air dried.

RECOMMENDATIONS.

It is recommended that the temperature of Table 2 of Specification 20500—A. should 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 permitted by Specification
20590—A would be expected to have no harmful effect. : '
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WESTERN WHITE PINE,
- SOURCE OF MATERIAL,

Four experimental kiln runs have been made on material from two shipments of logs.
Slupment 488, which furnished stock for kiln runs 95 and 110, consisted of logs from 24 trees
cut in Idsho. These logs were 10 to 20 inches in diameter and too knotty to be considered of
airplane grade. Test specimens were, however, so selected as to be unaffected by the defects
and were representative of the clear wood.

Shipment 570 furnished stock for kiln runs 149 and 150. This shlpment consisted of
seventeen 16-foot butt logs sent to the Laboratory from Keeler, Idaho. These Wwere of better
quality then the previous shipment and were 18 to 36 inches in diameter.

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

CUTTING -OF STOCK.

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

Table 16 shows how the material was divided for drying in two kiln 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 test green and after air drying weas derived from a 23-inch
flitch extending through the center of each log. Half of the remaining material from each log
was dried in the form of 23-inch planks, of various widths and 16 feet long.

DESCRIPTION OF KILN DRYING CONDITIONS.

Figure 16 shows graphically the kiln conditions and the moisture contents of samples of
stock for the four runs 95, 110, 149, and 150.

Run 95.—The charge cons1sted of 2 by 8 inch, 2 by 4 inch, 2 by 5 inch, and 38 by 4 inch
pieces derived from shipment 488. (See Table 16.) The arrangement of the kiln was much
as for run 147 of Sitka spruce (see fig. 7), except that the material was flat 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.

Tasrr 16.—Western white pine—Shipment 488—Ldst of trees and bolis to show which bolls were represented in each kin run.,

Treeand | Kilnrun | Kilnron || Treeand | Xilnrun | Kilnrun
bolt. 5. 110. bolt. 5. 110.
18Decesforeeancncnas * 188-Decncefeecnnasanans *
2a~D.... L P, l48-b..... L PR
20-d...c)ieacencannss * 140Qeceeifemcnnanaanss *
88-Decefoaancnannsd! * b 1.1 SO IR, *
48-b.... LS SO, 16a-b..... *
PY ' SR IO * LT S . *
Ba-biofececaescencs * 178-b.cedecannnnn.s *
6a-b.... L P 18a~b..... L N
(7% T I . 180-Aeurecfoncnrancnces *
78-Devecferccennanans * 1T T S, L4
88-b.... L 208-b..... L .
8cd.c.eacncnccenne * 200-Qucees]encnneannane *

[ F: 70 TR S * b1 §.70 « T P, *
10a-b.... b P, 22a-b..... L PO
10e-d.cecfeccncanncecs * 2203.-ccfrencrencanas b
Ha-boolecenconcsens * 288-D.ccen)inncnannnces b4
12a-b.... LA PR 24 a-h..... L
120-d.. |emmeemmasa-e * 240-0.eeei}ecnccnnanans) »

* Indlcates that material from the bolt listed at the laft was represented in the kiln run whose number appears nt the top of the eolu.mn
Material was taken from each bolt for tests in green and air-drjed condition. . ) )
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The run was begun with 4§ hours’ preliminary steaming at 90° to 135° F. Temperatures
and humidities were as shown in figure 16. The irregularities in these factors during the first
few days were due to derangement of controlling apparatus, As shown by the curves of figure
16, the samples of 2-inch stock reached a satisfactory dryness a.nd it was removed from the
klln three days ahead of the 3-inch stock.

Considerable trouble was experienced from lack of umfornuty in drying. ' This was largely
due to wide variations in the initial moisture content of different pieces and to apparently
nonuniform distribution of moisture lenthwise of individual pieces.
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F1@, 16.—Xiln conditions for western white pine, kiln runs 95 and 110 (shipment 488) and 149 and 150 (shipment 570).

Some slight evidence of casehardening was found near the end of the run. It was not
sufficient, however, to necessitate steaming.

Run 110.—Thse charge for this run, as for 95, was of 2 by 3 mch 2 by 4 inch, 2 by 5
inch, and 3 by 4 inch pieces derived from shlpment 488 (see Table 18). Arrangement of the
kiln and piling of stock was quite similar to run 95. _Spaces between pieces in the layers were,
however, only one-half to three-fourths of an inch.

After preliminary steaming at 135° F. for 18 hours, drying ‘conditions were established
and continued as shown by figure 16. As in run 95, consxdera.b]e trouble was experienced
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 tham in run 95. Furthermore, because of the very high moisture
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content of one sample, raising of temperature and lowering of humidity were delayed longer
than in run 95.

Run 149.—The charge consisted of 3 by 3 inch, 3 by 5 inch, and 3 by 8 inch pieces, 16 feet
in length, derived from shipment 570. Material was flat piled on 13-inch stickers with 2-inch
spaces.

The very long time required for this run is due largely to the fact that it was made in an
experimental kiln in which & fan circulatory system had been devised and which had not yet
been rendered controllable. Circulation was very poor and resulted in nonuniformity of tem-
perature between different parts of the kiln. Slight casehardening was relieved by steaming for
one hour at 185° I, on the thirtieth day. No casehardening was evident at the close of the run.

Run 160.—The charge consisted of 3 by 8 inch, 3 by 4 inch, and 3 by 5 inch pisces, 16 feet
in length and of various widths, derived from shipment 570. The material was close-piled on
a slant, with 14-inch stickers. Material was steamed for one hour on two occasions at 180°
and 174° F., respectively, to relieve casehardening. Slight casehardening was present when the
material was removed from the kiln, AIR DEYING

Material was stored for air drying under conditions similar to those for Sitks spruce and

Douglas fir, as previously described. STRENGYE DATA.

Table 17 gives the complete 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.

TaBLE 17.—Average mechanical test values of western whii:n 1;)5m——( Tabulations as tested—No adjustment for moisture
content).

Shipment 224. Bhipment 488. Shipment 570.
Groean., dry, Green, [Afr Green, G
Property. T o iy || Crpe (A, Kin [| 0| Kiln | to | Kimn
Green. |Airdry.|} match | mateh | run || match | matoh| run || match| mum | mateh run
Kinrunikdinrunf g5, (kilnrunfkilnruni 110, fdlnron| 140, [Kinrun| 150,
95. 5. 110. 110. 149, 150,
BTATIC BENDING. .
Moisture (per cant)l...cceceeernenvcenecnne 47.9 8.0 65.9] 1L.6] 1Lo0 57.3] 12,0 8.0 46.4 7.9 45.7 8.5
8 C ETAVILY 2 ee e veenrmenccosnonone 405 | 8.414 360 307 . 872 | 400 | .408 347|380 345 .388
erstressat elastiolimit (Ths. persq.in.)..| 8,961 | 12,938 {| 3,400 | 5,360 [ 6,610 3, 6,270 | 8,800 | 8,280 | 7,560 [} 8,240 7,310
Modulus of rupture (1bs. persq.in.).......| 6,147 | 1,356 || 5,130 | 9,420 10,000 § 58,410 | 9,200 ]| 11,330 |[ 5,160 | 11,480 f 5,100 y
Modulus o{elnsticlt{ 1 lbs.patsq.!n.}.. 1,210 2968 )| 1,132} 1,488 2512 Li12] 1,471 1,719 || 1,169 1,623 1,149 | 1,528
‘Work to elasticllmit (inoh-Ibs. per ot in.).. .78 2.9 6.2 1.5 1.6 .7 LS 2.3 5.8 2.9
Work to maximum load (inch-lbs. per
L T TR 5.6 10.7 4.6 7.9 7.5 5.2 7.8 7.7 5.4 9.3 5.3 9.2
IMPACT BENDING, 50-POUND HAMMER,
Molsture (per ¢ent)l....c.eeeeaveceeencenss 46.1 8.3 646§ 1.1 | 11.8 59.41 11.8 9.0 45.5 77 45.6 | 10.5
8 0 gTAVIEYS. e eereencncnreennnaensanen .362 | 15.402 .362 |  .885( .370 -366 | .306 300 . 361 .3%3 .358 .388
ergtressat elastioclimis qlg:.persq.l.n. -.{ 7,218 ( 1,070 | 7,680 | 11,900 | 12,160 || 7,160 { 11,250 | 13,730 || 7,980 | 11,640 [} 7,930 11,120
Hodulusofelasdoit{ &1&000 -persq.In..| 1,221 | 067 || 1,364 | 1,756 | 1,860 (i 1,324 | 1,678 2,009 || 1,408 | 1,765 | 1,402 | 1,701
‘Work toelasticlimi (t ch-1bs. cwing. feeeeensocrvann. 2.5 4.6 4.3 3.2 4.2 4.3 2.6 4.3 2.8 4.0
Drop causing complete failure (inches)..... 17.0 25.0 17.4 19.6 2.3 10.4 a.3] 4.0 17.6 25.68 17.6 2.9
COMPRESSION PARALLEL TO GRAIN,
Molsture (per cent)l...iereecacecnennannan 58.2 7.9 55.0 f 1.7| 12.0 62.1| 121 6.0 47.1 7.8 47.1 8.2
%Fedﬂcgravit 3 eeereseeaecsnaneeteennan 393 | 7.432 380 .8%0f .379 862 .38 .394 L350 | .385 350 .882
nximu.mcmghmgstrength(lbs.persq.tn.) 3,000 ,840 2,50 5,120} 5,600 (| 2,470 65,100 7,090 | 2,380} 5,750 ] 2,300 ] 6,000

1 Per cont moisture based on oven-dry welght. 2 Speolfic gravity based on oven-dry welght and volume as tested.
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TABLE 18.—Average improvement ratios of western white pine.—(With and without adjustment to9 per cent moisture).

Im bendj Compression parallel
Btatic bending. m},’:ﬁtd Rammer, o graln.p

Haximum
Ship- Modulus of Modalus of | Work to maxi- Halght of maxi-
ment. Seasoning. Tupture. elasticlty. mum load. mum drop. Sus
Mots- : Mals- Mols- ;
' [ ture. ture.
1. R.ss LR.0d-LR.as 1. B.ad-{I. R.2s/L. R.ad- 1.R.as|L. R.ad- I R.as{LR.ad-
tested. | fusted. | tosted. | justed. | tested. | fusted. tested. | justed. tested. | fusted.
_ Per ct. Perct.
224 .20 87| L2} L} 1e5| nst| 83| L47r| n42| 70| 355 %30
.8 184 20| La] v rw| ner| 11} vis| 1| 17| 03] 22
Los| 208! 134| 138] Led| L7 | 1rs| 17| 10| 120| 2| 28
48 L1700 188 182 1.40| t46| Ls7| 8| 1.30] 13| 11| 210 24
2. 1 Lss| L4s| L48| r42| “ae| L8| L47| ‘66| 1| 2K
570 228| 2.03| 189 13| w17a| res| 77| 148} 130! 78| a1} 917
510 208) 197 138 L30] 17| 1nev] 10.8| L3s| tas] 'saj 25| 240
- — S S T T T YT L T AT ER
Fiber-saturation point assumed to be at 24 per cent moisture content. L R.=Improvement ratio.
In Table 19 and in figure 18 are given the ratios which were available for the first analysis.
These ratios. differ slightly from those in Table 18 and figure 17 because when Table 18 was
STATIC BENOING : LAIPACT COMPRESSION
' BENDING FPARALLEL
A
N\ A
r— N - - \
MOD OF RUPTURE  MOO OF ELASTICITY — WORK TO MAX LOAD MAXISHUA DROP MAX.CR. STRENGITH
AAPTHEG ATTHED TR sATTHED D MATCHED SATONEN
>
2% |
2 . -
20
) — ]
N7 -
h P
W18 - —
Em""‘ o=l 3 oo 1= HREEBREER RIS A SIS
AN HEEANEE HAREENEEE NN EINNNRENEE \.'&_;4
Yoleleix|Sle|x|e] lelelcle|cialal {atejx]s]s]|xf] }SS“‘.%***. HNRENMMN
SRR RIsBREER REEREER Bkl EiEklERR
% o ¢ S K 1 I ) 8 ]
LIRSS ISR RIS RIREEIRRIS RIREIRIS SR RRER
3aulai<‘~nhlf MHMNNMENERANNNIE NSNS ,
F16. 17.—Improvement ratios for comparison of groups of kfln and afr dried stock, western white pine,
made up it became necessary, in order to secure the best matching, to reject some specimens,
results from which had been used in making up Table 19.
TaBLE 19.—Average improvement raiios of western white pine.—(With and without adjustment to 9 per cent moisture.)
[Bhipments 224 and 448.]
Ly el Tapression paraile.
Statle bending. Jound hammer. Pto gminlf
Modolusof | Modulusof | Work to maxi- Helght of maxi- Maximum R
Seasoning. crushing
Mois- rupture. elesticity. mum load. Mois- mum drop. Mols- strangth,
‘ture. : ture. ture. -
I.R.as|I.R.ad{ 1. R.as|L. R.ad4 L. R.as|I. R.ad LR.as|LR.ad-] L R.as|LRB.ad~
tested. | justed. | tested. | Justed. | tested. [ justed. tested. | Justed. tested. [ justed.
: : : Per cl. Der ct.
200! Les| Lz ni1g] Lef] 187| 88| 47| Las| T.O| 256 28
1.96] 216| ©ss| Le| Ceal Lye| 1s| Tsal Lo 20| Zm:| 2u
2.09] 200) ns5| LA L&} L4o| 80| L4z| 13| ‘ae| 12| =es
. —————rr— == i

1 Atr-dried material from shipment 324, I. R.=Improvement ratio.
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DISCUSSION AND CONCLUSIONS.

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

1. First or pre].imina:y analysis based on comparison of kiln-dried and previously air-dried
material by means of the increase in strength properties produced by kiln drying as compared
to the preﬂously observed increase from air drying.

. Second analysis based on comparisons of matched kiln and air-dried material.

FIRST ANALYSIS.

As the example of this first analysis, the discussion, conclusions, and recommendations
substantially as given in a report made when the data of Table 19 and figure 18 only were
available will be repeated here.

Discussion.—Figure 18 shows that the improvement in strength properties produced by Ikiln drying, with the
exception of wark to maximum load, is practically as great as is secured by air drying as determined by previous tests

from a single tree.
STAT/C BENDING C%%;Zf{gio”
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F16.18.—Improvement ratlos for comparison of kiln runs 65 and 100 with air-dried stock of a previons shipment (shipment 224), western white pine.

Apparently air drying produced in the material of this one tree exceptional improvement in work to maximum
load. This belief is supported by the fact that in most if not all cases other coniferous woods have shown less increase
in this property. Also theactual values for work to maximum load for the air-dried materisl of thisone free is higher
than for any other coniferous species except the very heavy and dense ones, such as longleaf pine. Furthermore, it
is the general, but not invariable, rule that deflection to maximum load should decrease in air drying. Data on
deflections to maximum load are given in Table 20. '

TaBLE 20.—Average deflections to meximum load with und without adjusiments.

%gﬁ?' Kiln run 95. | Kiln run 110.

Deflection otgreensuckstomatch..._.......--.........----........-.._ ........................ inches.. 0. 73 0.73 0.70
Deflection of seasoned stleks......... €es. . .13 .68
Bize of seasoned StickS....vooooovuveee-- ---inches.. 2 by 2 1.75by L75 | 1.76by 1.76
Deflection of seasoned matarlal—-ad]usted for size of sticks. - - .64 80
Improvement ratio of deflection 1. . oo em oo et e 1 oa .85 85

1 Adjusted for size of stick and molsture content. All green sticks were 2 by 2inches.
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From the foregoing it is concluded that the increase in work to maximum load obtained from the one tree previoualy
air dried is abnormal and that the improvement of the kiin-dried material in this respect has probably been as great as
would have resuited had the same material been air dried.

Conclusions.—It is concluded, then, that in all probability runs 95 and 110 have produced as good results as would
have resulted from air drying the same material. The conditions in theee runs were less pevere than permitted by
Specification 20500-A. in that the specification admits of lower humidities than were used near the end of the run.
However, the high humidities maintained until the end of the rune (in 110 because of the very high meisture content of
a gingle sample) are not believed essential to the preservation of strength properties. A lower humidity would perhaps
have shortened the time of drying somewhat. Data on material dried in accordance with Specification 20500-A are
not yet available.

The difficulty experienced in these runs through large variations in moisture content of the stock, and through dry-
ing two thicknesses together, emphasizes the desirability of classifying material on the basis of moisture content and size,
and of drying each class separately. A rough moisture classification such as could be obtained by ‘‘hefting” each
piece as loaded into the kiln would probably expedite the drying.

Recommendations.—It is recommended:

1. That, until additional data on the effect of various temperatures and humidities on the strength of wostern white
pine can be obtained, Table 1 of Speciﬁcation 20500-A be used for drying this species.

2. That consideration be given to grouping material into two or more classes on the bagis of moisture content, and

drymg materisl of but one moisture content class in the same Iln charge or pla.cmg the material containing the most
water in the fastest-drying portion of the kiln.

SECOND ANALYSIS,

Discussion of runs 96 and 110.—Referring now to figure 17, it is seen that material from kiln
runs 95 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 first 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 properties and summing up of the effect of dry-
ing on the properties as a whole shows that the two kiln 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 probabi]ity not g result of the different methods of seesoning, but are actual inherent
differences in material, impossible to avoid.

Discussion of runs 149 and 160.—In the absence of air-dried material corresponding to runs
149 and 150 it is not possible, of course, to make positive statements in regard to their effects.
By comparison with the improvement in the air-dried material of shipment 224 and 488,
the results of these two runs seem quite satisfactory. 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 frees and being very much alike (compare ‘‘green to match kiln
run 149"’ with ‘‘green to match kiln run 150,”” Table 17), indicates practical equality.

This equality, taken together with the fact that run 149 was at a considerably higher temper-
ature than 150, might also be taken as an indication that, up to the limits of run 149, no damage
from high temperatures was to be expected. Caution must beobserved here, however, It is indi-
cated by the long period required for drying in run 149, and also shown byrecords of this run, that
circulation was not good. The natural accompaniment of poor circulation is nonuniformity of
temperatures in different parts of thekiln. Hence it isentirely possible thatsome of the material
tested may not have been subjected to as severe temperature conditions as are indicated in
figure 18.

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

Conclusions.—It is believed that the data presented herein justify the following conclusions:

1 Woestern white pine can bé kiln dried without damage to strength properties.

. Table 1 of Specification 20500—-A can be depended on to dry western white pine without
damao'e to strength propertles _

Recommendatwns —1Tt is recommended that, pendmg the results of further tests, the tem-
peratures of Specification 20500-A be 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 ASH.!

Eight kiln runs (81, 82, 83, 90, 98, 97, 92, and 100} have been made on white ash to show
the effect of drying under various combinations of temperatures and humidities.

SOURCE OF MATERIAL.

Shipment 499 consisted of partially air-dried rough planks furnished by one of the airplane
companies. This furnished material for runs 81, 82, and 83, which included both ash and Sitka
spruce and are previously mentioned as *preliminary runs.”

Shipment 505 consisted of one log from each of 33 frees 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% inches.

77 A __ [ _&r__1__¢3___]
A2 , A-4 -2 C-4
I 22N Y- N | S A 9-3_ _ _
B-2 | B-4 & 0-2 0 ~4
orsrvre oJsc.

F1a. 19.—Cutting of white ash planks, shipment 409,

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

Shipment 507 consisted of fifty 12-foot logs from near Goshen, Ind. Top diameters ranged
from 11 to 19 inches and the average total taper was 2% inches. Materisl for runs 92 and 100
was derived from this shipment.

. MARKING AND MATCHING.

The material from shipments 505 and 507 was cut from the logs as illustrated in figure
10, and was marked and matched in the usual manner, as previously described.

Material for runs 81 and 82 was derived from 10 planks of shipment 499, cut and numbered
as shown in figure 19. Pieces marked “D” were dried in run 81 and those numbered “A”

A-/ l A-2
Y T z
47 T T T aE T
e e e ] VA
A-7 | A-&

U #Mors#wre e
Fia. 20.—Cuttlng of white ash planks, shipment 498

in run 82. Sticks A-1, A4, D-1, and D4 were tested as dried; A-2, A-3, and D-2, and D-3
were steamed and bent after Idln drying;* B-1, B4, C-1, and C—4 were tested partially air-
dried, or as received at the laboratory; and B-2, B-3, C-2, and C-3 were stored for complete
air drying.*

In grouping data for the analysis of the effect of kiln drying on strength, A sticks 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.

1 The white ash tested wes not identified as to exact species. It was, however, of some of the species included In the term “commercial white
ash,”” the most important of which are: White ash( Fraxinus americang), green ash ( Fraxinus lanceolaln), blue esh (Fravinus guadrangulata), bilt-
more ash ( Frazinus bilimoreana).

3 The results of the steaming and bending teats are not to be discussed hers.

$ These sticks have not been tested.
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DESCRIPTION OF KILN PRYING CONDITIONS.
Quantity and sizes of stock, method of piling, and condition before and after drying are
given for each kiln run in Table 21. Figure 21 shows the drying conditions for each run.
Steaming to relieve casehardening was done in runs 82 and 90 and 1s indicated on the diagiams

(fig. 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.

Tasre 21.—Description of commercial white ash dmd in kih; runs 81, 82, 88, 90, 96, 97, 92, and 100.

Run.|Amount ofstook,  Bize of pleces. |, Plling, Condition on entering the | Condltion when taken from
81|10 ks........ 13inch planks, varlous | Open—Afat.....cocoooooo..ld Partially air dr; con- | No visible harm.
plan 3- P , ‘pext d.ltion Y‘.78°°d
waather st
82 |...ue [ [ TR AR do...... [FORSUORRTRRN MO ; [ TR SUPOUN . [, Sy RN Do.
83 | 20 planks........f..... B0.c.eccnenennnnaaannane Partlnl.l‘y alr dry; siight | 0. K.
90 | 71 planks........ 2inch planks, various Closa—ﬁat 13-Inch stlckers | Good oondmm ............. rcent de de
r widthg 16 feet I a'ng every 2 feot. al.lbel.ulit’xia grn
) which wem cheeked and 1
oup : 1o slgna of case-
96 | 183 ploces. ......| 2 by 2 inches by 16 feet...... Open—ﬂat t-fuch stickers | Badly sprung and in some | No o vieitle Gograde.
aages checked.,
07 | 202 pleces. ......[..... [+ (s T Open—ﬂ;}t %inch stlckers Very badly eprung and | No vislble degmde moet of
: eve .
92 | 282 pleces....... 2by 2 inches, 10, 12, and 16 Openr-—y-ﬂut, li-Inoh gtickers | Badly warped, twisted, and bﬁ degrade twhsted
foet long. every 2 cheoked. nt condltion com-
. sidm-abl relloved.
100 | 258 placea. ......| 2 by 2inchea by 14 feef...... Og-en—ﬂat li-lnoh gtickers, | Good conditlon.............. No dg, .
AIR DRYING.

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

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

Table 23 gives the Jmprovement 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 all the
material of any kiln or air dried group, as compared to the average from the corresponding green
material.

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

DISCUSSION.

The absence of complete dats, i. e., green and air-dried matching that kiln dried, on runs
81, 82, and 83 makes it necessary that they be judged by comparing the improvement they
have produced with that produced in air drying the other groups. Proceeding on this basis,
it is seen that 83 is normal or above normal in all respects, while 81 and 82 are quite low in
work to maximum load, and 82 is verylowindrop. (See Table 22 and fig. 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 results 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 al! fully equal 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 only is fully equal to the air-dried in modulus of rupture and maximum
crushing strength, Furthermore, run 90 falls very considerably below air dried in these latter
properties. A résumé 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 content—work to
maximum load, drop, and modulus of elasticity—and least for those propertles which are most
influenced by changes of moisture content—modulus of rupture and maximum crushing strength.
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2. That the run (90) showing the lowest apparent efficiency in modulus of rupture and
maximum crushipg strength is the run in which moisture content of the kiln-dried material
is farthest below the corresponding air-dried material; consequently, for which adjustment of
moisture had to be made across the widest interval.

Now it is recognized that the methods of moisture adjustment, while the best that it hes
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 percentage effect 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

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

TaBLE 22.— Mechanical properties of commercial wchite ash (summaries of originel test values).

Varln?;l;t:hip- Shipment 499. Shipment &05.
Tree. Ship.
75
oy
Alr-gry, Green |Afr-dry Green
1 222 air-dry matoh- -
5 23 mateh-] Xiln | Kiin T | Kin match: mmtgh- K mfnteh-
s 2% ing ‘ron8l|runga.f (B8 |rung. ﬁﬁ K |rmeo. | g
127 lﬂ}; run 83, run 90. | run 60, run 96.
81-82.
Green. [Air-dry.
STATIC BENDING.
Moisture (pel: eent)x .............................. 4.0 8.9 15.9 4.4 7.2 12.8 8.2 45.1 12.9 8.¢ 42.4
s 5 7 B84 597 658 [ 5731 602 L5608 | 58S L6341 574 519
F berstressat elasticlimit (1bs. petsq in)... --| &75011,080 ) 6,320 | 8,560 | 9,300 7,280 10,340 || 5,460 8,320 | 8110 4,910
M’odulus of rupture (Ibs. 080 .......... -] 10,050 | 16,840 i 10,840 | 13,460 | 14,250 || 12,440 | 16,530 {| 8 040 | 12,970 | 13,970 8,520
Modulus of elasticity (1 l'bs. per 8q.in)........| 1,600 1,000 Q) 1,437} 1,680) 1,678 || 1,569 | 1,748 [f 1,349 563 | 1,613 1,266
Work to elastle Lmit (i ]g:r ca. in) Loa| heed Les| hee| el e S|l Lao| 4| hae i.10
Work to maximum load (lnch— pereu.in)....] 14.29 15.4 || 13.40 834 11.2 13.3 8.5 13.0] 12.51 2.2 12,20
Work, total (Inch-1b8. Per €. 1) nnnviennneneenos 0.2%] 3051 2.0 19| 1WI[..... 8.2 [
IMPACT BENDING, 50-POUND EAMMER.
uome(percent)l....'. .......................... 27|l 170] 48| 7z 15| 6ol 44| 128! g3 .
%gec gravity e 583 . 560 .5 . . 558 . 542 .587 .508 4%2‘?
trﬂs at elastlc 1imit ilbs persq. in, 19,500 1 15,290 | 17,750 | 15,610 || 18,120 | 21,750 || 13,030 13,880 ] 18,200 || 10,020
Modulus otelasticit 000 bs per sq. In.) 2,180 || ‘2161 | 27 2,616 | 3,008 2,607 [l 1,848 | 2,254 | 2026 | 1,603
ch- s(&‘egh ou, tn.) 9.77 61 5.4 a8 “aef TEL| L7 T4 3.5
top cnusing eomplete failure 1) P 39.0 32.4) ar8! 101 88.0| 481 43.1] 341 36.0 43.6
COMPEESSION PARALLEL TO GRAIN,
Moi.sture(percent) . .0 16.5 4.7 7.4 11.7 6.0 45.8 12.5 8.0 ,
5 gravity 1 o7 || .mss| .oeel .ser|| .eas| szl @] 58| gl %58
,}ﬁ,mm 8,760 || 4,650 9,330 | 8,880 || 6,530 | £,850 || 2,70 6,900 | 3,780
COMPRESSION PERPENDICULAR TO GRAIN. ’
Crushing strength at elastic limit (Ibs. persq.in.y...| 858| 1,772 ... |ecc..oee SUEPORRUR | SN S 851 1,546 [ 1,867 828
5,08 1,940 1,371] 1,40 2118 fJoeee.. 1o9] 94| 1,68 1,800 1,006
‘o523 | 1422 i 1,008 | Tjses | 17377 10000 41| se0| 1am| 1zl oop
084 1,388 1 1,050 1,248 ) 1,40l . ... 453 880 ( 1,250} 1,838 G0
SEEARING STRENGTH.
Radial (18, PErsq. iy, . coeeeeemmnseeereesseennnes L2090 s108 ... SO IOUUUUPU! IO A 1,364 | 1e20] 2,008 1,238
Tangantial (bs. puc 86, 165 oero Lo oiIoiis FIE- YR - Ot I W | R M u3i6| 177¢| 1088 1262
TENSION PERPENDICULAR TO GEAIN,
T s51] 810 024 fon.e -
‘l‘angen Iald)er persq in. 679 789 |7 ) PR, g
CLEAVAGE,
Radlal (Ibs, perinck of Width)..ceveenvmaceenennns 30 STl [RRR { ISR PO AP S~ ) I 329
Tangential (Tbs. per inch of widthj. ... 0222220000 816§ 248 || 15 |00 300
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TasLe 22.—Mechanical properties of commereial white esh—Continued.

Shipment 505—Continued. Shipment 507,
Alrdry Green |Airdry Green | Alrdry Green |Alr-dry
mateh- [ gy | match- | mateh-| gy, || match- mateh-| gq, || match- [mateh-| gy
og | onog |l e t Ing |pnoz e | Mg fpgy i Ing | ARR unygn
kiin *{} Xin kiin . Kin ‘(| kiln kiln i
run 96, run 97, | ran 97. rum 2. | run 2. 100 runlm.1 .
STATIC BENDING.
Molsture (per cent)!....... 13.0 12.2 2.1 13.0 12.9 35.8 12.7 11.0 38.0 12.6 11.3
%llueciﬂc eravity foo.eoene.. 677 . 566 525 .579 . 598 . 565 . 509 619 561 588 .612
her stress at elagtic lmit P 7,720 T840\ 5,110] 7,870 7,210 4770 | 9,300 8,800 5,680 | 9,340 9,240
Modulns of rupture (bs. per sq. in.). - 12,040 | 13,780 || 8,820 | 12,930 | 12,830 ' 9,750 | 14,340 | 15,280 }| 9,660 | 14,280 | 15,020
Modulus of elasticity (1,000 lbs. per sq. in.). 1,502 | 1,588 H 1,204 ) 1 1,618 {f 1,452 1,720 1,706} 1,439 1,736 1,883
Work 1o elastic mit (Inch-lbs. per . I} .ooooeaf 237 | 2300 Ta7] %24 L ‘is0f “hoa| haefl "i.28( 2oe| ‘hes
‘Work to maximum load (inch-Ibs. per cu.in.)... 13.0| 14.45 || 12.75| 1277 16| 16.32( 1512} 16.50 || 16.47 | 15.03 15.9
Work, total (Inch-1bs. per €. 1.} o cecccnmnaneccnafennannns L5120 | RPN P PRI - APPRRPIPN FPEFPoIPN MO | RPN ISP Ao
IMPACT BENDING, 50-POUND EAMMER,
Molsture (pe';' 117417 1 PP 18.4 11.9 40.2 13.2 1.9 36.7 12.8 11.1 38.7 12.7 11.2
Specifiogravity Y. .cecvvnnneenerenn —eemmene .4 58T . 582 .529 .57 .570 579 804 .617 507 . §04 .603
Flber stress at elastic 1imit (lbs. per sq. in.) ,280 | 12,110 [ 10,170 1 12,540 ; 12,100 } 12,830 | 16,340 | 13,480 il 12,700 | 16,350 ; 13,310
Moduius of elastictt 51.000 bs. por &g, in | 8018| 2,176 (| 1,590 | 2,082 ) 1, 1,010 | 2,14 , 1,878 | 2,185 2,351
Work to elastic Hmit {inch-Ibs. per ou. in B 4,2 3.8 3.7 42 3.9 4.8 7 4.5 4.8 7.0 4.4
Drop causing comptete fallure (Inches)... .l 3.4} 868 40. 36.7| 381 62.6 | 41.7 4.5 5.3 42.2 41.3
COMPRESSION PARALLEL TO GRAIN,
Molsture (per 0enit) leeieeiennaserennanncancccnncnens 12.9 12.0 43.5 12,9 12.8 37.0 12.8 11.0 36.9 12.8 11,0
Secific gravity 3. ceoiiiiuieianne ceeaass anveasane 870 L6712 518 | 570 .Ged . 611 558 | .610 805
Maximuom erushing strength (Ibs. per sq. in.)....... 6,260 | 6,660 3,730 | 6,260 | 6,240 8,050 | 6,770 ( 7,380 620 6,750 | 7,310
COMPRESSION PERPENDICULAR TO GRAIN,
Crushing strength at elastic lim{t (Ibs. persq.in.)...} 1,465 | 1,490 828 | 1,465 | 1,196 904 | 1,641 1,842 004 1,641 1,630
HARDNESS, BALL TEST
Engégou.nds).... ............................. —aee 1,430 | 1,460 | 1,006 | 1,430 1,484 918 | 1,851 | 1,758 o5 | 1,648 1,914
Ra (munds)........ - J 1,101 | 1,232 000 1,191 1,164 950 | 1,288 1,209 041 1,203 1,425
Tangential (POUNAB) - o-.ee o vecn cowomoconeasrasann 1,868 | 1,245 040 [ 1,308 1,26 o8l | 1,382 | 1,364 981 | 1,87 | 1,505
SHEEARING STRENGTH.
Radial (1b8. peraq. fn.)ceeececaeaccacns 2,110 2,070 1,280 | 2,110 Lom1 |l 1,93 2,254 9,08 { 1,383 3,254 2,13
Tangentisl (Ibs, persq.in.)............. 1,876 | 1,882 (] 1,262 ( 1,876] 1,820) 1,363 | 2,083 | 3,031 || 1,363 2,083 2,085
TENSION PERPENDICULAR TO GRAIN,
Radial L porSg. M )eencneinsiamaanaeccccaneanaa 736 feeroanae 608 s 3% PORPP | EPPON MO PRSI (IR SRR Ay
’I‘angm?i];la (ﬁ)e Porsa.In.)esceceierennnienaaiannna, :::~: 1 S 561 ;- RN | MR PORPOUIN AFPTPI: | HPIRT SO R
CLEAVAGE,
Radial (tlbs. Forinch fnwidth).es.eeennaannnnnn earen 4“6 |........ 829 /77,38 IR | IR PN A (P PP A
Tangential (Ibs. perinch of width)..ceeamaeananaaias 34 |(........ 309 73 N (R ( MO PIPPUI RN | PP P F .

1 Per cont molsture hased on oven-dry weight.

Nores

L] Epec.lno-gmvlt-y bmd on oven-dry welght and volume at test.

Shipment 214—White ash ( Frazinus americana) grown
Shipment 222—Blue ash ( Frarinus quadrangulafe) grown In Bourbon Count{,
Y)

Shipment 256—White ash { Frarinus am
Shipment 257—Biltmore

Values of drop, shipment 4

Shipment 228-—-Qreen ash ( Fraxinus lanceolala) fmwn in
ericana) grown

Shipment 75—Green ash ( Frazinus lsnceolsts) grown In Richland
Shipment 101—White ash ( Frarinus emericana) grown in 8tone Counfy

in Oswego Oounfy, N. Y.

Parish

La.
Ark,

New Madrid Coun
in Pocahontas County,

Ky.
%o.
. Va.

( Fraxinus billmoreana) grown In Overton County, Tenn.
Test specimens of shipment 499 were 1.25 by 1.25 inches.

909 adjusted to 2 by 2 inoh stleks.
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Tasre 23.—Commercial white ash. (Improvement ratios with and without adjusiment to 10 per cent moisture of kiln-dried
and air-dried material.)

[Fiber-saturation polnt=20 per cent moisture.]

Impact banding, Compression parallel to
Static bending. 50-pound hammer. rel,
Ship- Modulus of Modulus of | Work to maxi- Height of Maximum crush-
ment, Beasoning. rupiure. elastielty. muam load. maximum drop. ing strength.
Mols- Mols- Mols-
ture. | I.LR. | LR. | LR. | I.R LR.{LR.| ture. { LR. | LR. | fure. | LLB. | I.R.
as ad- as - as ad- as ad- as -
teated. | justed. | tested. | justed. | tested. | justed. tested. | Justed. tested. | justed.
’ Per ct. Perct.
- 1.54 1.65| 1.22 1.25| 1L.18 1.21 11.3 | 1.00 1.00 11.2 1.81 1.06
3 1.78 1.88 1 1.87 1.30 | 1.26 1.97 10.8 [ 1.04 1.085 10.5 1.87 1.63
. 1.73 1.65 | 1.22 1201 1.04 1.%5 9.0 98 .88 9.5 2.04 1.97
. 1.58 1.51 | 1.16 1.14 .97 . 9.3 97 97 9.6 1.85 1L.77
5 1.61 1.57 | 1.20 1.19 | 1.13 11 9.3 .82 .83 9.6 1.80 1.76
0 1.92 1.85 | 1.31 1.23 .98 885 6.2 .08 -9 6.9 2.50 2.01
[ 1.68 1.43 | 1.32 1.21] 1.01 1.08 . 53¢ 1.56 1.35 5.4 2.60 1.92
4.4 1.23 1.201 1.18 1.16 .62 .66 481 1.17 1.14 4.7 2.02 1.82
7.2 1.30 1.35 | 1.17 1.20 8 .82 7.2 31 . 7.4 1.80 1.81
6.2 1.58 2.00| 1.12 1.20 | 1.08 1.05 59| 1 1.42 6.8 1.35 1.85
8.9 1.56 1.490 ] 1.187 1.15 04 .95 8.8 84 .86 8.0 1.88 1.78
12.9 1.45 1.6 ] 1.16 1.23 .96 .04 12.8 . . 12.6 1.82 2.22
12.2 1.62 1.86 | 1.26 1.33}1 1.18 1.24 11.9 .82 .78 12.0 1.77 2.05
13.0 1.52 1.83 | 1.19 1.28 7 1.07 1.10 18.4 .835 .76 12.9 1.68 2.05
12.0 1.48 1.70 | 1.25 1.87 ] 1.07 1.10 11.9 .89 87 12.6 1.85 1.97
13.0 1.47 1.74 | 1.18 1.27; 1.00 1.00 13.2 .80 86 12.9 1.66 2.0
11.0 1.57 1.05. 1.24 1.27| 1.01 1.01 11.1 .85 .83 11.0 1.87 2.00
12.7 1.47 1.70 | 1.18 .27 .83 90 12.6 .79 .73 12.8 1.71 2.10
11.3 1.86 1.67 | 1.28 1.38 .97 .96 11.3 .78 .78 11.0 1.87 2.0t
12.6 1.48 1.70 1.31 1.29 915 89 12.7 .0 . 12.8 1.72 2.12
1I.R.as tested-mnm-dmd (no green to match).
TABLE 24.—Efficiencies for kiln runs on while ash.
Shipment 505. Shipment 507.
Property. F Kiln run 90. Kiln run 96. . Kiln run 97. Kiln run 93, Kiln run 100.
E EXF® B EXF E  EXF B EXF E EXF
Modulus of ruptore....cvveneaanned 2
odu.lus of elnstofty. . 4
W 3
3
2
EXF)
ExF +ZF=welghted average E..]....
zE+5—n.vemga ) TR o
F=Welghting factor .\ £ ratio f ty of kiln
E=Efficiency= provement ratio for property of dry

Improvement ratio for same property of corresponding air dry
CONCLUSIONS.

From the above discussion the following conelusions are drawn:

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

2. Run 83 on partially air-dried material, and 90, 96, 97, 92, and 100 on green,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 effect 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.



60 ANNUAL REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

RECOMMENDATION.

Ttis recommended thatin drying white ash for use where the retention of maximum strength
is essential, the temperatures of Table 1 of Specification 20500-A should not be exceeded.

PORT ORFORD CEDAR.

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 specified in
Table 1, Specification 20500-A.

Run 125 was made under rather severe hlgh-tempera.ture conditions. From an initial
teraperature of 165° F. and o relative humidity of 80 per cent, near the fiber-saturation point the
temperature reached 175° F. and the relative humidity 40 per cent, endmg mth 8 temperature of
152° F. and a relative humidity of 36 per cent.

The temperatures and humidities called for by Table 2 of Specification 20500-A were used
as 8 basis for the conditions of kiln run 1286.

For kiln run 157, a practically constant temperature of 120° F. with a relative humidity of
80 per cent was used. -

PHYSICAL RESULYS;

The average moisture content of green material in all four runs was 35 per cent, with samples
from 124 conta.mmg 32 per cent, 125 containing 38.2, 126 containing 35.5, and 157 containing
33 per cent. 'The moisture contents were reduced to 8, 4, 8.2, and 8 per cent respectively. The
time varied from eight days for run 125 to thirty-ei'ght da.ys 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 126 and 157 showed 3 and 8 per cenf, respectively.

MECHANICAL RESULTS.

Comparison of kiln-dried material with previously tested air-dried material shows improve-
ment ratios for the kiln-dried material lower in varying degrees than for air-dried material for all
properties except maximum crushing strength in compression parellel to grain. The kiln
material approximately equals air-dried in modulus of elasticity in static bending, lagging slightly
behind air-dried material in modulus of rupturein static bendmg and dropping well behind the
air-dried for work to maximum load in static bending and drop in impact bending, There are
no appreciable differences in the improvements of the first three kiln runs, all being exceptionally
uniform. Run 157, however, is somewhat erratic. It is noticeably higher than the previous
runs in improvement in work to maximum load, and noticeably lower in drop in impact bending.

CONCLUSIONS.

The previously tested air-dried 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 done had it been subjected to & long period of air sea.somng A comparison
of various kiln runs shows no significant difference in the improvement in strength values be-
tween the different runs, in spite of a considerable range of the temperatures used in drying.

RECOMMENDATIONS,

In view of the fact that positive conclusions can not be reached until tests have been made
on air-dried material eorraipondmg to that kiln-dried, 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-tem-
perature schedule, it is recommended that higher temperatures and lower humidities than those
of Table 1, Specification 20500-A, should not be used in drying Port Orford cedar, unless there
is urgent need for repid drying, and then only in case the kiln operation is in charge of an ex-
perienced man, o
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BALD CYPRESS.

One kiln run has been made on bald cypress. In this run 2 and 3 inch material was dried,
using the temperatures and humidities of Table 1 of Specification 20500-A. During the last two
weeks of the run it was not possible to reduce humidity below 40 per cent, thus ceusing a depar-
ture to that extent from Table 1. It was necessary 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 243 hours.)

. . PHYSICAL BESULTS.

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 logs was found to dry much more slowly than that from upper logs.

MECHANICAL RESULTS,

The kiln-dried material gave practically as grest an improvement in stetic bending as
previously air-dried material, the former being noticeably greater in “work”’. The kiln-dried
material from lower bolts gave a greatér improvement than that from the upper bolts in every
case except drop in impact bending. In this property, and also in maximum crushing strength
in compression parallel to grain, the air-dried material gave a greater improvement than the
kiln-dried material. .

CONCLUSIONS.

I% is not possible from results in one kiln run to form final conclusions on the proper method
of kiln drying 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. Cypress requires more than ordinary care in drying in order to prevent checking, honey-
combing, warping, and casehardening. _

8. Cypress can be kiln dried so as to produce material equal in its mechanical properties o
air-dried material, but final judgment on this point can not be reached until matched material
has been air dried and tested.

RECOMMENDATIONS.

1. That butt-log material and material from upper logs be kiln dried separately.

2. That, pending the results of further tests, the temperatures of Specification 20500-A
should not be exceeded in drying bald cypress, and that humidity and steaming be regulated to
keep casehardening at a minimum.

WESTERN HEMLOCK.

Two kiln runs have been made on 3-inch material of this species. In one run the material
was dried by using temperatures and humidities approximately as called for by Table 1, Speci-
fication 20500-A (temperatures 120° F. initial, and 145° F. final; humidities 80 per cent initial,
and 35 per cent final). This resulted in decreasing the moisture content from an average of
79 per cent to an average of 8.7 per cent in a period of 33 days, with a resultant visible degrade
of 8 per cent due to opening up of checks.

The second, which was & high-temperature run (temperatures 160° F. initial to 180° F.
final, with humidities 70 per cent initial to 50 per cent final), compares favorably with the
first 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 cent to 8.2 per cent, as compared with 25 days to
reduce to 4.8 per cent for the first run. The average visible degrade was less than 1 per cent.
The first run had only slight indications of casehardening on resawing, while severe caseharden-

ing was indicated in the second run.
MECHANICAL BESULTS.

The two runs are practically equal to each other and fo previously-tested air-dried material
in improvement of modulus of rupture and work to maximum load in static bending. However,
in modulus of elasticity, while the high temperature run equals the air-dried, the Table I run falls
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considerably lower. Both runs feil to show improvement equal to that shown by previously
tested air-dried material in impact drop and compression parallel to grain. 'Were it not for the
lmown facts concerning the variability of timber—and of improvement ratios as previously
brought out in this report—cases of inferiority in improvement to. previously air-dried material
might be assumed to indicate actual damage resuiting from kiln drying. However, the fact that
the more severe kiln conditions heve produced material practically equal in all and considerably
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; hence, comparisons bet“_reen the runs are much more accurate
and positive than comparisons with the air-dried material.

CONCLUSIONS.

The conclusion thet neither kiln process damaged the material must be regarded as tentative,
pending testing of matched air-dried material, but it is believed that conditions scheduled in
Table 1 of Specification 20500~A. are safe for 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 corresponding to that kiln dried, and the further fact that any 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 Speclﬁcamon 20500-A be used in

drying western hemlock.
WHITE AND NOBWAY PINE.

Material of both white and Norway pine was dried in each of two kiln runs. One run
was made with temperature varying from 180° to 200° F. and relative humidity varying from
76 to 60 per cent. The second kiln run followed quite closely the schedule of temperatures
and relative humidities of Table 1 of Specification 20500-A.

PHYSICAL RESULTS.

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 average 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 & visible degrade of about 6 per cent, due mostly
to checking. The high temperature caused the pitch and resin 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 to-an average of 10 per cent and the Norway pine from 35.5 per cent to 8.6 per cent in a
period of 67 days. Both species had & visible degrade of 6 per cent, due to checking, twisting,
and warping. ' ' o

MECHANICAY, RESULTS.

The results from the mechanical tests on small clear specimens indicate that the two runs
produced approx:m&tely as-good improvement in nes.rly all values as resulted from previous
air drying and that, in spite of the great difference in temperature, the two runs produced
about equally good results The high-temperature run gave conmdera.bly better mxprovement.
in modulus of rupture and maximum crushing strength of Norway pine, and slightly better in
modulus of elasticity of both species, while in other values the low temperature run gave
slightly, but not significantly, better improvement.

CONCLUSIONS.

It is concluded that there is no damaging effect 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.
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RECOMMENDATIONS.
Table 1 of ‘Specification 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.
WHITE FIR.

Two kiln runs have been made on white fir, 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 closely the schedule of Table 1 of Specification 20500-A, as shown in Table 25.

TasLe 256.—Kiln conditions used in runs 167 and 158, compered with Table 1 of Specification 20500-4.

Average drying conditions.

8tage of drying} Temperatures. Humiditles.

Kilnrun | Kilnrun Kilnrun | Kiln run
158, Table 1. 157 158, Tabls 1.

Degrees F, | Degrees F, | Degrees . | Percent. | Perceni, | Pereent,
120 “ 163 n 120

At the beginnIng,...oeeeeeerneicieerrorensnecenraseniesscnnnannney 80 70-80 80
After fiber-saturation point is passed (26 per cent molsture)............ 120 165 125 80 s 70
At 20 per cent MOIStUrB. covveceerennnnrneacacesncsvececacrareanccnrenns 120 170 138 80 (] (]
At 15 per cent moistura.. pou 1256 177 138 70 n [}
At 12 per cent MOIStUI®. convrrerenenernrisreesssenttonocncocscnsacnnns 125 179 142 60 71 38
At 8 cent moisture... aesd] 140 181 145 37 68 33
2« o e 145 180 145 33 50 33

t As determined from moisture contents of samples.

Kiln run 167, —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 necessary, 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 average visible degrade of about 8 per cent. This degrade was the result of
twisting, warping, and surface checking.

Kiln run 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 material was dried from an average moisture content 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 content of the samples was reduced 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 enfering the kiln, although several pieces showed
end and heart checks, shakes, and springing. After being dried the material 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 air-dried firs (silver, grand, and noble) as well as
white fir. In every case, except maximum drop in impact bending, kiln run 157 is superior to
the average of the air-dried firs. Kiln run 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 available tree of air-dried white fir, except in compression parallel to the
grain. In this property the high-temperature run (158) was inferior to the air-dried material.

It appears that no significant damage eccurred to the strength properties from either kiln
treatment, and it is probable that the Table 1 run (157) produced at least as good results as
would have resulted from air drying.
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RECOMMENDATIONS.

1. Pending the completion of tests on air-dried material matching that kiln dried, it is
recommended. that 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-
essary, the temperatures as used in run 158 appear to be fairly safe, providing the humidity is
regulated to prevent severe. casehardenmg

8. Because of the large variation in moisture content of d,\ﬂ'arent. 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 material be placed in the most rapid drying part of the kiln.

AFRICAN AND CENTRAL AMERICAN MAHOGANIES.

Mechanical tests have been made an small, clear specimens of material from several experi-
mental kiln runs on African and Central American mahoganies, Runs 106, 107, 108, and 109
included both species. Central American mahogany was dried in runs 161 and 162, and African
mehogany in runs 164 and 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.

TasLE 26.—Kiln conditions used in runs 106, 107, 108, 109, 161, 162, 164, and 165, compared with Tables 1 and 2 of
Specaﬁeatwfn 20500-A.

Averago drying conditions—temperatures.

Stags of drying. Kilnrun | Xilnrun | Kilnfun | Xt ron | Kiin run | Xiin o | Bt run | Rin :
run run run run run run run run

08, | 107 108, 109. .| 1L 162, 164. 166, | Tsblell| Tableat

Degreee F. Degrees F.|Degrees F DmmF Degrees F.| Degrees F. Degrees B | Degrees F.i.Degrees F\Degrees F,

The beghming. .. cvvenivienannnienionnan 106 180 90 120 106 120 106 116 T 10 4 106
After Aber saturation point 13 passed (25

T Cent MOLIEUL ) ee varemenravennmsaen 108 <180 | 85 120 106 128 108 104 125 110

Af 20 per cent molsture 120 106 130 110 107 128 117

At 15 per cent moisture. .. 13 116 128 118 118 138 129

At 12 per cent moisture 128 150 131 120 142 1356

AitniPer cemt molsture. ... . : 135 154 130 120 145 138

Final...oioieeienmnnnncns 138 135 147 20 129 145 135

Average drylng conditions—humidities.

Stage of drylng. _ Kiln Kiln
Kilnron ; Kllnrun run run | Kilnrun | XKilnrun | Kilnrun | Kilo run
106, | 107, | 108 | 1ios. | 16l 162, 164. 165. | Tablelt)Table2l
L | Per cent, | Per cend, | Per cent. | Percent, | Per cent. | Per cent,
The beﬁ.n.ln ........................... & 94-85 80-88 a7 82 0 8
After fiber sa m*atlonpointiapassod(% .
cent molsture 0 T8 74 90 70 kel
K{i] 76 74 4 60 63
|. T us &0 “® 48
&0 6l 50 38 42
46 64 43 50 33 40
46 64 60 55 83 40

_ L

1 Thess are maximam aliowable temperatures and minimuoin allowable humidities,

The length of time required for drying, the amount of degrade, and the original and finsl

average moisture content for each run are all given in Table 27.

TasrLe 27.—Physical results of various kiln runs of African end Central American mahoganies.

Bpecies. . cueueernnacinncnaaenaan Afrlcan mahogany. - - Central American mahogany.
Kinrun...ocovivegerranionnenady 106 107 108 108 161 162 106 107 108 109 14 1656
Daysin kD, ..ceorencerennneran .. 42 14 2 2 21 b “° 1 a1 2K 13 2%
Average per cent molsture cone |
147: I 66.5 5.6  70.0 80.6 60.0 60.3 66.5| 585 70.0 69.8 41.0 @7

Average per cent moisture oo 1 B

tent, Anal. ... ocociiiinan 8.9 10.0 12.0 84 8.¢ 8.6 0.9 10.0 12.0 8.4 7.7 &4
Per cent visible degrade........ None. 2.0 1.0 10 2.4 3.0 None. 20 La 1.0 2% €%

PR 27 S



EFFECT OF KILN DRYING ON STRENGTH OF AIRPLANE WOODS. 65

The material for all runs was approximately 1 inch in thickness.

The mafterial for all runs except 108 was stoamed before drying was commenced, and all
runs except 106 were again steamed from one to four times to relieve casehardening. The
steaming for run 162, however, was to relieve only very slight casehardening.

MECHANICAL RESULTS.

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 crushmg 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.

Central American mahogany.—Material from ell the kiln runs shows very good improve-
ment in strength properties over the corresponding green material. Improvement ratios are
in nearly every case as high as resulted from the air drying of material previously tested.

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

DISCUSSION AND CONCLUSIONS.

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
apprommately those called for by Table 1 or 2, and one run subjected the stock to severer
temperatures.

The consistent though slight inferiority of the hlgh-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 drymg

Run 162, the material in which was Central American mahoga,ny, was made with tem-
peratures closely approximating 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 properties than
meateriel from the same shipment dried in run 161. While no run was made on African mahogany
using conditions similar to run 162, it is helieved, since the two woods are seemingly closely
related in physical properties, that such a run would produce practically the same resulis.
Special tests taken on this run showed even cross-sectional drying and very slight caseharden-
ing. These results indicate that the condition under which the material in run 162 was dried
is very satisfactory for drying propeller stock.

BECONMMENDATIONS.

It is recommended that in drying Central American and African mahoganies, the tempera-
tures of Table 1 of Specification 20500—-A be used, but that the relative humidity be not allowed
to drop below 60 per cent at any time during the run.

BLACK WALNUT.

In 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.

The Table 1 run consisted of 1-inch and the Table 2 of both 1 and 2 inch stock.

The Table 2 run was controlled by both 1 and 2 inch samples, which delayed the drying
process slightly as the 2-inch material dried very slowly. The 2-inch samples were discarded
from calculations during the last stages of the run and conditions better adapted to 1-inch
stock were 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 1-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 entered the kiln with end and heart checks, heart rot, and springing, and came out

with an average degrade of about 7 per cent caused by springing, checking, and warping.

The condition of the second run during the final steges was slightly milder than required.

by Table 1 of Specification 20500-A. The material was frozen when loaded into the kiln and
it was necessary to thaw it out, by steaming, before drying could begin. Toward the end of
the run it was necessary 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 78.6 per
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
prewously air-dried material, and in all probability as good results as would have been obtained
by air drying the sante material, As both runs-follow closely Tables 1 and 2 of the specification,
it follows that either of these tables can be expected to give satisfactory results when used for
drying 1-inch black walnut. The strength data give no basis for a choice between the two kiln
Tans. BEOOMMEN'DATIONS' )

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 severe conditions can be ascertained, it is recom-
mended that Table 1 of Specification 20500-A be used for drying black walnut.

SUGAR MAPLE.

Seven experimental kiln runs in the drying of sugar maple have been made, but only the first
three, 132, 133, and 134, have reached a stage where discussion and analysis are possible and
figures are avaﬂable

The first run (132) was on 1-inch material only; the last two runs (133.and 134) were on both
1-inch and 2-inch material. Run 132 was made to determine the effect of a practically constant
temperature of 170° F. and the same relative humidities as called for by Table 2 of Specification
20500-A.; run 133 was in accordance with Table 1, and run 134 was in accordance with Table 2
of this epec1ﬁcat10n Runs 133 and 134 were both steamed near the end of the run to reheve
caschardening. No steaming was necessary on run 132.

The high-temperature run (132) was made in the least time, requiring 12 days, but had the
smallest difference between jnitial and final moisture contents, the initial moisture content
being 48 and the final 8 per cent. This run had the largest average degrade—about 15 per cent.
The degrade was due ch1eﬁy to warpmg, with some sprmgmg and tmstmg Shght, ca.seha.rdemng
was evident on resawing.

The Table 1 run. (133) required 23 da,ys, pra.ctma]ly twice the time. of the previous run, but
reduced the average moisture content from 56 to 5.8 per cent, with an average degrade of 11
per cent due ta_cupping, warping, and sprmgmg the greater portion being due to cupping. Very
little casehardening developed on resawing.

Kilii run 134 réquired 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 casehardenmg on belng resawed.

RESULTS.

There is no marked or consistent, difference in the mechanical results of the three runs.
The kiln-dried material showed improvement over matched green material equal or superior to
that previously obtained by air drying.
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CONCLUSIONS.

Absolutely definite conclusions can not be reached until tests on corresponding air-dried
material have been made; but the data warrant the conclusions:

1. That kiln drying can be carried on without injury of material, and probably with better
results than can be obtained by air drying.

2. That there are no consistent differences in the effects of the three runs. This indicates
that & considerable range of tempera.ture can be employed with httle, if any, dl.ﬁerence in the
effect on the mechanical properties.

RECOMMENDATIONS.

Until the above conclusion (No. 2) has been checked by tests on corresponding air-dried
material, and because of the greater danger of damage through accidental departure from
schedules when operating at higher temperatures, it is recommended that maple be dried by
schedule of Table 1 of Specification 20500-A.

YELLOW BIRCH.

Five kiln runs have been made on yellow birch, as follows:

Run 84 was on 23-inch plank, with temperatures 120°F. initial to 180° F. final, initial and
final humidities of about 77 and 13 per cent, respectively. The average moisture content was
reduced from 60 to 4 per cent in about 31 days. There was evidence of casehardening in some
parts of the pile at the end of the run.

Run 168 was on. 1-inch stock. Temperatures were approximately those of Table 1. Initial
and final humidities were about 80 and 35 per cent, respectively. The materiel was steamed
six times, at temperatures varying from 150° to 165° F. and periods of one-fourth to one hour,
for the relief of casehardening, which persistently developed. There was slight casehardening
at the end of the run. Uneven sawing, which prevented proper piling and weighting of the stock,
was chiefly responsible for the degrade of about 10 per cent. Moisture content was reduced
from 64 to 7.6 per cent in 16 days.

Run 169 was on l-inch stock. Kiln conditions were approximately 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 case-
hardened and part in a condition of severely reversed cesehardening. 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 170 was on 1-inch stock, with kiln conditions approximately as prescrlbed by Table 2
of Specification 20500-A. Five steamings were made at about 20° F. above the scheduled dry-
ing temperatures. The stock was practically free from casehardening at the close of the run.
Degrade of about 7.5 per cent resulted from the same causes as in run 168. Moisture content
was reduced from about 65 to 8.2 per cent in 31 days.

Run 203 was made on 1-inch partially air-dried stock. Kiln conditions were approximately
those of Table 1. Steaming for one hour &t 160° F. on the eighth day and for two hours at 170°
F. on the tenth day successfully relieved the casehardening which had developed. The moisture
content was reduced from 18.5 to about 7 per cent in 10 days. There was about 5 per eent
degrade.

MECHANICAL RESULTS.

Comparisons by means of improvement ratios indicate that runs 168, 169, and 170 pro-
duced practically equal improvement, and that this improvement is equel to the average of
two trees previously air dried, being less than one and greater than the other. Improvement
in run 84 is less than the minimum for the previously air-dried material. Comparisons of run
203 with the others are difficult to make because of the partislly 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 results in the drying of yellow birch which
are equal to those ta be expected from air drying.

It seems probable that the one run at t.empers.tures of 130° to 180° F. has failed to produce
as good results as would have been obtained from air drying.

RECOMMENDATIQNS.

Both Table 1 and Table 2 of Specification 20500~A are recommended as suitable for the
drying of yellow birch.

OAK.

Seven kiln runs were made on oaks, including red and white oak species from the South and
white oak (presumably true white (Quercus «lby)) from northern Indiana. The testing work,
inclusive of tests on mr—drled material, has been entirely completed. The data, however, are
very erratic and it is difficult to arrive at consistent conclusions.

One run (A), at temperatures varying from 150° to 165° F. and relative humidities from
85 to 6Q per cent, produced very good results from the strength standpoint on southern red
and white oak species, with the exception of Spanish oak. The charge was steamed for one
hour and two hours at temperatures of 179° and 170° F., respectively, to relieve casehardening
stresses. However, this run resulted in 2 degrade of 80 per cent as determined from inspection
before and after kiln drying. The causes of degrade included severe_casehardening, warping,
cupping, honeycombing, and collapse.

Two runs (B and C) on porthern white oak gave entirely satisfactory results from the
strength standpoint. Run B was with temperat.ures approximately as preseribed in Tablo 2
of Specification 20500-A and relative humidities ranging between 90 and 70 per cent. This run
was steamed at 135° F.for onehour ta relieve caschardening stresses. Run Cwas at temperatures.
of 120° F. initial and 140° F.. final, with relative humidities about 90 initial and 50 final. It was
necessary to steam this material three times, at temperatures from 160° to 164° F., for a total of
two and one-half hours, to relieve casehardening stresses at the end of the _ryn Both gave
results fully equal to air dry, with the lower temperature run (B) slightly the better. Material
in both cases came from the kiln in excellent conditiop, there being less than 1 per cent degrade
in run B and less then 1} per cent in run C.

In another run(D), with temperatures 90° F, initial to about 125°F. final and humiditics rang-
ing from saturation down to 40 per cent, northern white oak came from the kiln with about 1
per cent degrade, resulting from springing and war§1n0 At the close of the run the charge
was steamed seven hours at 155°F. to relieve the casehgrdening stresses. Strength tests indicated
that this material was slightly deficient in strength properties as compared to matched air-
dried material. _

Still another run (E), with initial temperature of about 100° F. to final 130° F. and humiditics
ranging from saturation to about 45 per cent, resulted in about 74 per cent degrade. The mate-
rial was steamed twice at 185° and 170° F. to kill mold and mildew. A final steaming at 180° F.
was to relieve casehardening stresses. This run, however, included southern red oek and both
northern and southern white caks, and while the different species were not separately graded,
it was observed that the degrade was moreserious in thered than in the whiteoak. Thenorthern
white oak from this run was also slightly deficient in strength properties as compared to matched
air-dried stock. _ R _ _

Southern white oak was included in runs A and E, as above described. Run A produced
quite satisfactory results 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 abou’o 185° F. final and relative humidities 85 initial to about 40
per cent final—approximately the condition of Table2. Run G was with temperatures of 120° I,
initial to about 140° F. final and with humidities as in F. These runs included also southern red
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ogk species. Run F wassteamed three times for periods of one hour each, at 155° F., to relieve
casehardemng stresses. The degradein run F was 12 per cent, from warpmg, sprmgmg, and
cupping; while G resulted in 50 per cent degrade from springing, warping, cupping, chec]ang
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 casehardening stresses.
Run F gave quite satisfactory results from the strength stendpoint, while in G the results were
unsatisfactory, there being a loss of 25 to 30 per cent in modulus of rupture, work to maximum
load, and height of drop in impact. Execlusive of Spanish oak, the results from the strength
standpomt were as follows:

Southern red osks, including 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 airdry,
and run E, as indicated by maximum drop in impact and meximum crushing strength in com-
pression parallel (there being no static bending tests), material very much inferior to matched
air-dried stock.

None of these runs (A, E, F, and G) gave satisfactory results from the strength stand-
point on Spanish osk. Runs F and G resulted in losses in a1l strength properties, with F possibly
shghtly superior to G. Run A gave results somewhat superior to either F or G, while the results
in E were inferior to either F or G.

From the results as presented above it is concluded: (1) That under the same kiln conditions
northern white oak can be expected to dry with smaller losses, both from the strength standpoint
and the standpoint of degrade in appearance, than southern oaks, either red or white; (2)
that of thesouthern oaks thered oak species require more care than the white oak species; (3)
that Spanish oak is considerably more liable to damage of strength properities 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 conclusion is borne cut by experience
in drying oak on a commercial scale, that the maintenance 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
all experimentsation with it, as well as in its utilization, to be morevariable than other specles To
attempt to specify beforehand exactly what kiln condition should be used seems unwise. The
results of these kiln-drying and strength tests indicate that the temperatures of Table 1 of Speci-
fication 20500—A are probably the maximum which are safe for northern white oak, and likewise
that the temperatures of Table 2 should not be exceeded in drying southern osk, mther red or
white. In drying any of the oaks very careful attention must be given to the condition of the
stock in all parts of the kiln. Temperatures and humidities must be regulated not only by the
moisture content of the stock but also by its condition with respect to checking, casehardening,
the existence of & difference in moisture content between the outside and the inside of the piece,
and the existence of stressed conditions.

O



