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PURPOSE OF THE STUDY,

Thiz publication on the mechanical properties of wood makes
available for genersl use dats which will serve es a basis for (1) the
comparison of specics, (2) the choice of species for particular nses,
and (3) the establishment of correct working siresses,

The inereasing scarcity of many specios of timber which had becoma
more or less standard in various wood-using industries is opening
the fiold for other species, Through long use the properties which
make the standard species valuable for a particutar purpose sre quite
well understood, but it is doubtful if many manufacturers know io
what extent other species possess those same quelities and to what
extent they might replace the standard apecies. Present conditiong
will not permit, long, tedious, end ¢xpensive experiments with com-
mercial forms to establish new spacies in the industries; and to avoid
this it is necessary to have definite information and data on both the
new and the old speciea. With such teat data at hand it is possible
to eompare the properties of a known apecies with those of any other.
The possibility of substitution generally reduces to the few species
which possess qualities approaching those previoualy in use. If the

T Bull, $56—17—1
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properties making a particular wood valuable for a certain purpose
are known, the comparison is made the easier.

As an example of the foregoing, suppose it is desired to find & wood
for floering for use in the place of maple. For flooring, hardness
is the ruling factor, providing, of course, the wood possesses other
slrength properties to a rensonable depree. Vleing hardness as o
basis for comparison, white ocak should be as good or better than
maple for flooring, which is trne. TUsing medulus of rupture, which
is a very important strength velue in structural material but of very
Tittlo importance in ooring, as a basiz Tor comparison, longleaf pine
or Donglas fir would unjustly be given preference to oak.

In addition to their values in expediting the sesrch for substitute
wouds, the data presented in this butletin are of use to manufaciurars
and others in furnishing defimite inferination concerning the proper-
tics of all commercial woods, Thiz information is used in many
different ways, several of which are briefly discussed in the following
paragrapih.

In the preparation of apecifications and grading rules for structural
timher it 18 essentinl to Imow the relation between physical and
mechanical properties, and the reswlta of the tests here reported have
besn uwsed by a momber of asaocintions and societies In prepaniug
such rules. They are also used by architects and engineers in deier-
mining safe working siresses for wood in structures, in connection
with tests upon {ull-sized members.  In the case of new uses for wood,
which frequently arigse in special constructions, such as airplanes, for
instance, these data are of much halp in selecting the species Which
have the specific properties beat fitting them for these uses.

Tn order to cover tha ground suceesefully, this bulletin must fur-
nish information on all mechenical properties of wood; and with that
end in view no effort has been spared in making u complote compils-
tion of the information gt hand. Thera are few uses of timber where
at least some of the properties givon in the table &ro not of importance.

The Forest Service Lests are standardized and the data contained
herein on any one species are directly comparsble with similar data
on any other species listed. Thesa teats obviously eliminate a great
amount of duplication which would result from individual investi-
gations. Industries anxious to find new species to supplant waning
supplies of presant malerial weuld doubtless make tests adapted
to their own particular purpese which would prebably throw no
light on other properties valuable for uses nol in their line. In many
cases the tendency would be to keep secret such findings in order to
meet more effectively competition from other firms; and even
though the data from all sueh individusl tests were available, an intel-
ligent comparison of spacies could not be made because of the lack
of standardization of methods of test.
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SCOPE AND METHOD OF EXPERIMENTS.
OHIGRS OF DATL.

The data in this bulletm arz based upon about 130,000 tests,
probably the greatest number ever made in one geries upon any ma-
terial, For this reason, and for otkers explained later, the daia are
the most thorough snd accurate that are available on the mechanical
properties of American woods. The tesie were begun about six years
ago at the Forest Products Laboratory, which is maintained by the
United States Foreat Service with the cooperation of the University
of Wisconsin, One hundred and twenty-six species of wood have
been teated, and it ia planned to continue the scries until all species
which are important, or which give promise of becoming so, have

been included.
SMAL]L CLEAR SPENTMENS 1/SED.

Small clear specimens are used in the teats in order that considera-
tion of the influenea of defects may be climinated from calenintions
to determine the relation between sitrength and demsity, moistare,
locality of growth, soil conditiona, stc. These various relations are
referred to in the present bulletin, however, only when it is necessary
in order to render the data thoroughly understandable, The epeci-
mens are 2 by 2 inches in eross section. Bending specimens are 30
inches long; others shorter, depending on the kind of test, )

SELECTION OF MATERIAL.
The material for any given sperios and locality is eut from typical
trees, ususlly five in numhber, These are selected by representatives
of the Foreat Service, careful deseriptions being made of exch trea and
of the conditiona under which it has growm. As a rule ihe fest
specimens are taken from the top 4 feat of the 16-foot butt log, The
number of test specimens from each tree waries from 40 to 120,
depending on the size of the tree. Eventualy each importent species
will be represented by tests from at least five typical trees from esch
of scveral localities distributed throughout its rango of growth.
OTHER DATA ISCLUDED.

Deta derived from tests previensly mads by the Forest Servics and
under practically the sarme conditions as the present series are in-
cluded in Tables 1 and 2. The tests were made at Purdue Univer-
sity and at the Universities of Colorado, California, and Washington
in cooperation with those institutions,

TESTE ON LABGE TIMBERS.

A large number of tests have slso been made by the Forest Servica
on full-sized timbers, such as bridge striogers, factory-building tim-
bers, and ear sills. These tests have demonstrated the influence of
defects such as knots, shakes, and checles on strength, and they serve
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as a giide to tha use of detafrom testa on amall spacimens in estab-
lishing working stresses and grading rules for structural timbers. The
results of tests of this kind on a number of species have already been
published. (See list of publications, p. 46.)

PRECAUTIONS TO BE OBSERVED IN THE USE OF THE DATA.

Careful attention must ba given to the natural variahility of timber
in order to make correet uso of timber-test data, The following sug-
gestions are offered as a guida 1o the usas of the data given herein.
Definitions of the various technieal torms, with illustrations, are given
on pages 7 to 18,

COMPARISON WITH DATA IN OTHER PUBLICATIONS.

In eomparing the data in this publication with those in other pub-
licafions, it must bo kept in mind that scarcely any two series of
testa have hbeen mada under the same conditions and that very fre-
guently so little is apecified econcerning the character of the material
gnd the methods of test 4s to make close comparisons impoagible. A
specific instanee is furnished by the results of Sargent's tests® and
those given in Forest Bervice Circular 15. These two publications
gre chosen &a fllustraMons bacsuse of the numerous attempts which
have boen mads to compara the fizires in them with cach other and
with those obtained under the present series. Seargent made about
2,700 testa on 300 specics of Amenean woods; but he did not take
inty gecount what may have been relalive large varistions in mois-
ture content, and he selected his apecimens from the lower end of the
butt Jogs—in most cuses the best wltheugh most variable portion of
the trea. The lack of date upon moeisture content is an insurmount-
able barrier to comparison with the present series, sinco differsnecs
of moisture content batween two groups of tests may be suflicient
to cause as much as 100 per cent difference in the strength data.
Circular 15, * Sumnmury of Mechanical Teats on Thirty-two Species of
American Woods,” containing the results of about 30,000 tests, takes
moisture into considaration, but aliows of no somparnson with the
present series bacause of the selection of material with defects as
found in the tree.  Since no record of the extent or position of theso
defacts in the teat piece are now available, no estimate can be made
as to the strength of the clear wood.

Data from other publications of the Forest Service which are
Inown to be atrictly comparable to those obtained from the present
series of testa are included in Tables 1 and 2. The reader is cautioned
against any attempt at the comparison of the data in this publication
with those in any previous one dealing with tests on small clear
pieces,

t Made for the Teath Unitod States Census, sod results published in Vel, 1X of the Tenth Consng
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Also, in making comparisons, it is important that the data should
really be representative of the classes of material whieh it ia proposed
to compeare, For example, it is not just to teke the figures derived
from Rocky Mountain Douglaa fir, which is known to be inferior to
the Pacific coast type,' a8 representative of the cosast fir, Nor in
genersl can a comparison of species properly be made from results of
teats on large timbers alone; for in practically all cases the large
timbers tested have not been sclected as representative of the species,
but have hean chosen to determine the effect of defacts, the effect of
preservative treatment, or for the solution of other and similar
problems,

Comparisons should not be made with greater refinement than the
data justify., The change which addilional teata would probably
make in the average values and the prohabls vnriation of a given
stick or lot of material from these aversge values should be considered.
Numerieal measures of these probable varistions are given in Table 3.

CAUSES OF FARIATIONSY IN STBENGTH.

Variations in strength of tinber can be accounted for more weeu-
rately than is usually supposed. In somes species there is & difference
in strength in wood from differont positions in the free, different
localitics of growth, ete, But such varintions have been overesti-
mated, and a knowledge of them i not essentisl in order to estimata
with & fair degree of sceuraecy the properties of a piece of Himber,
Differences in atrength are uwsually dua to differepces in defacts,
moisture content, of density, or to combinations of these,

Defects sre not considered in this publication, Their effects on
structural timbers are discussed in Forest Service Bullefin 108; and
limitations on their size, character, and location are given in the
grading rules for stevetursl timber which bave been recommended
by the Forest Serviee.?

Differenees of moistura content eausa considerable variation in-the
strength values of sir-dry or partislly air-dry material, hut have no
effcet as long as all material v thoroughly green.

One of the principal factors csusing differences in strepgth is
variable density. As might be expected, the greater the density of a
given stick or the more wood it has * per unit volume, the stronger is
the stick.

1 Eua alao “Localitiea Where Qrown," g, B

18ee * DHeenasion of the Pmposed Forsat Service Rules for Orading the Sirength of Bouthern Fiee
Btructiral Timbers," by H. 8. Batts, Procseding of Am. Soc. for Tost. Materlsls, Vel. XV, 1015, p. 368,

3 Aceurste detarminatioms mada at the Forest Troduects Laboratary on seven aperles of wood, inoluding
both hardwood and conilerons specles, showed 8 range of only sbout 4§ per cent o the depadty of the wood
substanes, of Mateckal of which the cell walle are composed. Binos the dsosity of wood sabatance 34 go
nearly ponstant, it nay ba sald that the density or specifio gravity of & glven piece of wood i & messzre
of the amnoent of wood aubstnnce contalned in it



