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PURPOSE AND RELATION TO OTHER PUBLICATIONS

A knowledge of the properties of any material is essential to its
proper use, Yn recognition of this fact the Forest Products Labors
tory in 1910 began a comprehensive series of tests to determine the
mechanical, and some of the related physical properties of native
woods. Several hundred thousand tests have been made yielding
data in varying quantity on 164 species. This bulletin presents data
from this sbudy , together with related information -on factors that
uffect strength properties.

The tests reported here were made ou clear wood, free from defects
that affect the strength. Inasmuch as the strength of wooden mem-
bers in structural and industrial use is affected by numerous variables,
such as spocies of wood, variation in quality of the clear wood and
in defects among pieces of the same species, character and distribu-
tion of load and duration of stress, temperature and meoisture con-
ditions, and size and shape of the piece, it may be asked, **why make
tests on clear wood?"

Information for application to such uses may obviously be obtained
by testiag actual structursi members or finished manufactured articles
under such conditions as obtain in service and with defects as found
in such piecces. Some earlier investigations by the Forest Service
included tests of this character. However, the results of such tests
accurately represent only the combination of variables existing in
euch instance, are difficult to interpret with respect to the separate
effects of oach variable, and cannot be applied to instances in which a
different combination exists. Furthermore, the combinations are so
numerous that it is impossible to evaluate them all by such tests,
consegquently, the limited usefulness of the data was soon evident.
The plan that has been largely followed by the Forest Service has
been to obtain data that are more generally applicable by testing
small clear specimens taken from a specific part of the tree and of a
standard size and form according to stendardized methods and sup-
plementing the resy! ing basic dais on each species by mvestigations
in which the effects- - the more itnportant variables are as far as pos-
sible separately studied and evaluated. The supplementary investi-
gations have related to the effects on strength induced by such vari-
ables as locality of growth, position in tree, rate of growth, knots,
cross grain, pitch pockets, moisture content, size and shape of piece,
duration of stress, preservative treatment, snd kiln drying. ‘Chese
and. other supplementary investigations are the basis for the discussion
of factors affecting the strength of wood as presented in pages 31 to 74.

Some of the results of the tests on small clear specimens were com-
bined into simplified comparative fizures and pubiished in 1930 in
United States Department of Agriculture Technical Bulletin 158
(28).> Because of their popualarized form, data in Technical Bulletin
158 aro not suitable for such engineering uses as calculating the
strength or size of members, but are usable mainly for comparing
species,

The information given here, on the other hand, is more technical,
and may be used not only (1} for comparing species bui also (2) for
calculating the strength of wood members, (3) for establisbing safe
working stresses when used in conjunction with other information
including results of tests of structural timbers, ard (4) for grouping

1 1toltc aumbers in parentheses rafor (o Literature Qited, . 7.
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species inio classes of approximately like properties for various pur-
poses. 'The present bulletin is based on the same series of tests, but
supersedes United States Department of Agriculture Bullotin 556
{(37), becauss it covers additionsl species and agditional tests on species
})reviously reported. Another important difference is that the values
or air-dry wood as given herein have been adjusted uniformly to a
12-percent moisture content, thus making them directly comparable
as presented. In addition to the data from the standard series of
tests begun in 1910 thero is included herein results of all earlier tests
by the Forest Service that were made in such a manner ag to asfford
date of comparable character to that resulting from the standard
Jeries. .

MEANING AND IMPORTANCE OF STRENGTH

In a Lroad sense “‘strength’ implies all those properties that fit a
meterial to resist forces. In a more restricted sense, strength is
resistance to stress of a single kind, or to the stresses developed in s
particular member, Definiteness requires that the name of the specific
property be stated; as for instance, strength in shear, sttength in
compression parallel to grain, or strength as a short column. If the
several strength properties had the same relation to each other in all
species, & wood that excels in one property would, of course, be higher
in all, and misinterpretation of ‘“strength” would be less likely.
Actually, however, 1 species may rank higher in one strength property
than in another., Longleaf pine averages higher than white oak in
maximumn crushing strength parallel to the grain, but lower in hard-
ness. Hence, it cannot be said that longleaf pine is “stronger” or
“wesker” then white oak without specifiying the kind of strength.
In companng species for a particuler use the kind of strength proper-
ties or combination of properties essential to that use must be consid-
ered. Thus, from the comparisons just cited, longleaf pine is superior
to oak for use asshort posts carrying heavy endwise loads, whereas oak
excels in resistance to wear and marring.

In most uses the serviceability of wood depends on one or more
strength properties. Airplane-wing beams, floor joists, and wheel
spokes typify uses in which strength is a major consideration, Qther
uses often require strength in combination with other characteristics.
Teleplione poles, railroaﬁ ties, and bridge s{ringers must not only CaITy
loads, but must also resist decay. In addition, many uses not ordi-
narily associated with strength depend to some degree on strength
properties, For example, finish and trim for buildings should be
sufficiently hard to avoid marring; window sash must have screw-
holding ability to permit secure attachment of hardware, and adequate
stifiress to prevent springing when the window is opened and closed.
Even matches must lilave strength to avoid breaking, Information
on strength properties is therefore important not only in the design of
airplanes, buildings, and bridges, but also as & guide to the selection
of wood for a great variety of uses.

The data reported here refer to some of the properties that are
important in many uses. Obviously, any such series of mechanical
tests does not answer all questions concerning suitability for & given
use because the use may involve strength properties that have not been
evaluated and because characteristics other than strength (p. 26)
are usually alse important.
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TESTING PROCEDURE

The material for test was identified botanically in the woods and
was brought to the Forest Products liaboratory at Madison, Wis., in
the green condition in log form. The procedure for selection and care
of material, method of preparing test specimens, and method of
testing ars the result of many years of development in studying wood
properties in the United States and embody some features of European
practice. Methods of Testing Small Clear Specimens of Timber
adopted as standard by the American Society for Testing Materials
{4), and the American Standards Associstion is essentinlly the sameas
the procedureused. A generally similar procedureis also being follow-
ed in & numbor of other countries. Detailed description of the pro-
cedure used, and of the methods of computing the results are presented
in the appendix, p. 78.

SCOPE OF TESTS

Many individual pieces of each species were tested in dejermining
tho average values of strength properties as presented in teble 1. In
all over 250,000 tests have been made. Only the everage results for
eacty spacies are, however, presented here. 1t is difficult to determine
hiow many tests should be made on each species. 'The larger the num-
ber, the nearcr may the average values be expected to approach the
iruse average of the species, but also the greater is the cost. A balance
must be reached between these desiderata, so that a species usually
has been represented by only five trees from any one site or locality.
Two or more five-tree units, however, from different localities have
Leen tested for the more important species. The individual tests on
n species vary in number from about a hundred to seversl thousand.

CONSIDERATIONS CONCERNING USE OF TABLE 1

The values given in teble 1 are the best available valuations of the
true averages. Those for the less important species, being based on
fower tests, are less reliable than those for the common species. In
applying the data, too great emphasis showld not be placed on small
differences in averages. The importance of such differences de%ends

largely on the use to which the wood is put. A discussion of variability
and. the significance of differences between sverages is presented
on page 17.

The Tesults obtained in tests of clear wood depend not only on the
inhorent characteristics of the wood but also on such extrinsic factors
as the size and form of specimens, the rate of loeding, and other
features of testing procedure, and in seasoned material on the moisture
content. Care should sccordingly be used in comparing the data
with that from tests in which a d)i(fferent, procedure may have been
used and the moisture content of test material should be taken into
consideration.

The values in table 1 are primarily for the comparison of species
in the form of clear lumber. For comparing structural timbers in
which the defects are limited with reference to their effect on strength,
"allowable working stresses nre preferable (29, 61).
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BTRENGTH AND RELATET PROPERTIEE OF WOODSB

COMMON AND BOTANICAL NAMES OF SPECIES (COLUMN 1)}

For convenience, the species listed in table 1 are grouped in two
major clascifications:

{1} Hardwoods, or trees with broad leaves, usually deciduous; (2)
softwoods, or trees with needle or scalelike leaves, usually evergreen
and most of them cone-bearing. The two groups are also known as
hardwoods and conifers. The terms “hardwoodl;” and “softwoods”
are thus indicative of botanical classification. They are not corre-
lated with the actual hardness or softness of the wood. For example,
basswood, poplar, aspen, and cottonwood are classified as hardwoods
but are in reality among the softest of native woods, whereas longleaf
pine, classed as a softwood, is quite hard.

Avoidanee of confusion requires a standard nomenclature for species
of wood many of which are known by several common names and to
severul of which a single common name is often applied. The United
States Forest Service has adopted such a nomenclature, designatin,
eich species by g single comunon nmme, in addition to a botanical |
name nbout which confusion rurely exists. The official names are
used herein and are those given in Clieck List of the Forest Treus of
the United States, their Names and Ranges, exceph for a few sub-
sequent changes. Page 92 shows the relation befiween this noman-
clature and commercial lumber names (46, £4).

PLACE OF GROWTH OF MATERIAL TESTED {COLUMN 2}

In the second column are listed the States from which the trees
furnishing the test specimens were obtained. The locality of growth

has 1n some instances an influence on the strength of timber (p. 43).
That this influence is, however, frequently overestimated is indicated
by the fact that fully as great differences have been found between
stands of different character grown in tho same section of the country
as between stunds grown in widely separated regions within the
normsal range of growth. ¥or this reason it is considered better to
average togetlier the test data on material from the various localities.
However, there is a distinct difference in the properties of Douglas
fir from the more arid Rocky Mountain region and those .of the
Douglas fir from the Pacific Northwest. Further, Douglas fir from
the so<alled “Inland Empire’’ ¢ region is found to be Intermediate
in its characteristics between that from the arid Rocky Mountain
region and that from the Pacific Northwest. For these reasons
separate averages are given for Douglas fir from the Pacific coast,
intermediate type, and the Roeky Mountain regions.

MOISTURE CONDITION (COLUMN 3)

Both green and dry material were tested. The resulting data
are entered in lines designated “green’ and ‘“‘dry”, respectively, in
columnn 3.

Values in the first of each pair of lines beginning with column 3
of table 1 are from tests on green material, Although the moisture
content, varies among the different species, all tests on green wood
were made at approximately the moisture content of the living tree,

& Northwestern Montunn, Idabo nortd of the Saimon River, Washinglon east of the Cuseade Mountaios,
eod tue portleastern tp of Oregon.
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which is above the limit ® below which differences in moisture content
affect the strength properties.

The strength of dry or partislly dry wood depends greatly on the
warticular stage of dryness and on the distribution of the moisture.

alues pertaining to a uniformly distributed moisture content of 12
percent are Yisted in the second of each puir of lines beginning with
colamn 3. These values werse obirined by adjusting values obtained
from tests made et verious moisture contents, The moisture basis
adopted {12 percent) represents su sverags air-dry condition attained
without artificial heat by thorvughly seasoned wood over a consider-
able portion of the United States, including the Lake States region.

Table 1 shows that in most strength properties the dry material
in the form of small, clear specimens excels the green. In large
timbers, however, the increased strength of the wood fibers is usually
offset by checks and other defects resulting from drying, se that as
largre increases in strength values as in smsll specimens eannot be
expected.

Except where data on dry material are specifically required, or
where significant differences in incresse with seasoning is involved,
the dats on green materia]l are prefersble for comparing species,
because they are based on a larger number of tests.

NUMBER OF TREES TESTED {COLUMN 4)

The number of trees from which specimens were obtained is stated
in the fourth columnn of table 1. The average values for the more im-
Bortmt species represent groups of trees from different localities,

ive trees of a species were selected, as a rule, from a single locality.

NUMBER OF RINGS PER INCH {COLUMN &}

The number of rings per inch measures the rate of growth in diame-
ter or radius of the trees {from which the test specimens were cut. Rings
per inch were counted along a radial line on the end section of each
specimen. One ring, consisting of a band of spring wood and a
band of summer wood, is formed during each year. Few rings per
inch indicate fast growth, and conversely.

Rate of growth of many species is quite variable, and the values
listed are to be regarded mamly as averages of the material tested.
Rate of growth does not have s definite relation to strength in the
sense of strength being proportional, either directly in inversely, to
the rate of growth (p. 44).

SUMMER WOOD (COLUMN 6)

Column 6 shows the proportion of summer wood in the material
tested, as measured along s representative radial line. Summer
wood is usually much denser than spring wood® of the same species so
that within a species the proportion of summer wood is indicative

+ (reet: wood contains ‘“abeorbed’, or “imbibed ', watet within the cell wolls und ““free” water in the
oell cavitios. The frea woter from the'cell cavitles is the first to be sva tod In drying. The fiber-satura-
tlons point is that polnt at which no water exists in the oail euvities of the thnber hut st which the cel] walls
are stiil saturated with molsture. The Aber-saturstion point variss with thespecies (/5). The ordinary
proportion of molsture—based on the waight of the dry wood—at the fiber-saturstion Doint is about 3
pepoent, Mot strength pmeumias of wood begin to {pcrease, and sheinkage begins to ovcar, whan the fiber-
satumtion polntis Sessoning. :

¢ hunerots detsrminations heve shown that in the southern plnes specific gravity of the summer wood is
asually fram 2 to 3 times &3 ZTeat 15 that of the spring wood.
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of the specific gravity, and hence, of strength. It is difficult to
measure the preportion of summer wood accurately and when the
change from spring wood to summer wood is not marked or the con-
trast between them is not sharp, &3 in many species, the difficulty is
even greater, For this reason the proportion of summer wood is
given for only part of the species tested.

Summer wood is unusualty well differentiated from spring wood in
the southern yellow pines and Douglas fir. Some of the structursl
grading rules for these species involve, among other features, the
selection of pieces showing one-third or more summer wood, such
matorial being awarded as a premium higher working stresses (54, 61).

MOISTURE CONTENT (COLUMN 7)

Moisture content is the weight of water contained in the wood,
expressed as & percentage of the weight of the oven-dry wood. Since
it 18 thus expressed it is useful to remember that with a given moisture
content in percent a block of wood of n given size contains more
weight or volume of water if the wood is heavy than if it is light.
Moisture content is commonly determined by weighing a sample and
then drying it at 212° F, (100° C.) until the weight becomes constant.
The loss of weight divided by the weight of the oven-dry wood js the
proportion of moisture in the piece. “Moisture” as thus determined
18 subject to some inaccuracy, because the loss in weight includes that
of any substances other than moisture that evaporate at 100° C.
Also some constituents other than actual wood substance are not
evaporated. Errors fromn these sources are not sufficiant to affect the
pructical application of the data given in column 7.

The moisture content listed 1 table 1 for green material is the
anverage for specimens taken from the pith to the circumference of
the log. Hence it represents a combination of the moisture as found
in the heartwood and in the sapwood, although not in proportion to
the amount of wood represented by each. In each instance 12 per-
cent is entered as the moisture content of “dry’’ material, because
the data have sll been adjusted to this basis.

As shown by table 1, the average moisture content of the green
wood varies widely among species. Also moisture content often
differs between heartwood and sapwood of the same species and in
some instances varies with height in the tree. Many coniferous
species have a large proportion of moisture in the sapwood and much
less in the bheartwood. Most hardwoods on the other hand show
much more nearly the same moisture content in heartwood end sap-
wood (p. 29). Extreme limits observed in the moisture content of
green wood range from as low as 30 to 40 percent in the heartwood
of such species as black locust, white ash, Douglas fir, southern pines,
and various cedars to about 200 percent in the sapwood of some
coniferous species, In the heartwood of some species the moisture
content is high at the base of the tree and becomes less toward the
top. ¥or example, in green redwood trees examined at the Forest
Products Laboratory, the heartwood decreased in average moisturs
content. from 160 percent at stump height to 60 percent at heights
above 10C feet. In this instance the sapwood increased slightly in
percantage moisture with height in tree.
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SPECIFIC GRAVITY (COLUMNS 8 AND 9)

Specific gravity is the relation of the weight of 4 substance to that
of an equa’f volume of wataer,

The volume occupied by a specified weignt of wood substance
changes with the shrinking and swelling caused by changes in mois-
ture content. In table 1, three values of specific gravity are given
for each species. Tliey correspond to volumes when green, at 12-
percent moisture, and oven-dry, and each is based on the weight of
the wood when oven-dry. The number of pounds of wood (exclu-
sive of moisture) in a cubic foot at either of the three moisture
conditions may be found by multiplying the specific gravity figure
by 62.4. To get the weight per cubic faot of the wood plus that
of the associnted water, multiply by the factor: .

percentape moisture content
100

Additional datn on the specific gravity of a number of species are
presented on page 30. For some species these data are more exten-
slve than thoso of table 1.

14

SPECIFIC GRAYITY BASED ON YOLUME WHEN GREEN {COLUMN £)

Values of specific gravity, based on weight when oven-dry and
volume when green, are determined from welghts and measurements
of specimens tested when green. The weight when oven-dry is com-
puted by dividing the weight when green by 1 plus the propertion of
moisture, as found from a moisture determination on the same
specimen.

The specific-gravity values based on volums when green, as listed
in column 8§, are averages of determinations made on each green test
specimen. The number of determinations is much larger in most
instances than those of specific gravity based on volume when air-dry
or when oven-dry.

SPECIFIC GRAYVITY BASED ON VOLUME WHEN ATR-DRY (COLUMN 8}

Specific gravity based on volume when air-dry is found in the
same manner as that based on volume when green, except that the
volume measurements are made on air-dry material. The values for
air-dry wood listed in column 8 are adjusted to & volume basis cor-
responding 10 12-percent moisture content.

SPECIFIC GRAVYITY BASED ON YOLUME WHEN OVEN-DRY (COLUMN %)

In determining the specific gravity based on volume when oven-dry,
the volume as well as the weight is taken after the specimens are
oven-dried to practically constant weight at 100° C,

Specific gravity, as listed in column 9, and shrinkage in voiume, as
listed in column 11, were determined on the same specimens of which
there were usually 4 to 6 from & tree.

The difference between specific gravity based on volume when green
and thnt on volume when air-dry or oven-dry, is due to shrinkage,
end either specific gravity may be determined from the other if the
corresponding shrinkage in 'voﬁlme is known. For example, specific
gravity based on weight and volume when oven-dry equals specific
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gravity basod on weight when oven-dry and volwmne when green
divided by

1 percent volumetric shrink:tgﬁ)
100

As the determinations of specific gravity, based on volume when
oven-dry, and of volumetric shrinkage were made on only & few
speciznens from each bolt, they are not related to specific gravity
based on weight when oven-dry end voltune when green in exact
secordance with this equation.

WEIGHT PER CUBIC FOOT {(COLUMN 10}

Changes in moisture content sffect the weight of a piece of wood.
When the moisture content is below the value at the fiber-saturation
point (p. 48), changes in the moisture content also affect the volume
of the piece. Consequently, in order to be specific in stating weight
per cubic foot, various degrees of dryness must be recognized.

Green or freshly cut wood, contsins, ags shown in column 7, n
considerable proportion of water. After being dried by exposure to
the air until tho weight is practically constant, wood is said to be
“uir-dry.”  If dried in an oven at 212° F. (100° C.) until all moisture
ie driven off, wood is “oven-dry."”

The weights per cubic foot presented in table 1 are based on weights
and volumes of small, clenr specimens taken usually from the top
4 fect of 16-foot butt logs of typical trees. Because the wood from
such portions is often heavier than that from higher in the tree,
material thus sclected averages slightly heavier than the wood in
ordinary timbers, poles, posts, or railway ties.

WEIGHT FER CUBIC FOOT WHEN GREEN

The value for green wood as given In column 10 includes the
moisture in the wood as received &t the laboratory, and because
protection from sessoning was afforded during transit and pending
test, it represents closely the weight of the wood as it comes from the
living tree. The weight when green is based on the averago of
heartwood and sapwood pieces as represented by test specimens taken
from pith to circumference. In those species which have a higher
moisture content in the sapwood, variations in the proportien of
sapwood are accompanied by comparatively large variations in weight
per cubic foot of green material,

The weights per cubic foot in eolumn 10 correspond to the average
moisture-content values listed in column 7. When in specific
instances there are large differences in moisture content between
keartwood and sapwood and the proportion of sapwood in logs or
other products is known, better estimates of the weight per cubic
foot when green may be obtained by correcting the value given in
column 7 fo a suitable moisture content. For example, the weight
and mosture content of ponderosa pine are given in table 1 as 45
pounds per cubie foot and 91 percent, respectively. The average
moisture content of ponderosa pine logs having 75 percent sapwood
by volume is computed on page 30 as 121 percent. The estimated
weight of such logs is then

45 100%*121):515’;{ pounds per cubic foot.

A\ 100+ 91
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WEIGHT PER CUBIC FOOT WHEN AIR-DRY

Woeight per cubic foot deponds upon the amount of moisture in
the wood which in turn depends on the species, the size and form of
the pieces, the length of the seasoning period, and on the rapidity of
seasoning as governed by the climate. The average air-dry condition
reached 1n the northern Central States hy wood that is sheltered from
rain and snow and not artificially heated, is a moisture content of
about 12 percent. The values for dry wood in column 10 apply to
this moisture content. The moisture content of thoroughly air-dry
wood may be 3 to 5 percent higher in humid regions, and in very dry
climates, as much lower. It also varies slightly from day to day
hecause of changes in temperature and atmospheric humidity. Large
timbers will have a slightly higher average moisture content when
thoroughly air-dry than small pieces. Species vary in the rate at
which they give off moisture in drying, and also in the rate st which
they take up moisture during periods of wet or damp weather.

ghanges of several percent in the moisture content of dry wood
cause pnly small changes in the weight per cubic foot, because of two
nctions which tend to counteract one another. The weight decreases
as drying takes place because of the loss of moisture. At the same
time shrinkage reduces the volume. Conversely, both weight and
volume increase as moisture is absorbed.

Weiglit per cubic foot, at a moisture content near 12 percent may be
estimated from that at 12 percent by sssuming that one-half percent
increase or decrease in weight accompanies an increase or decreass of
1 percent in moisture content. Thus, raising the moisture content
from 12 to 14 percent increases the weight per cubic foot about 1
percent and in drying from 12- down to 8-percent moisture content
the weight per cubic foot is reduced about 2 percent.

SHRINEAGE (COLUMNS 11, 12, AND 13)

Shrinkage across the grain (in width and thickness) results when
wood Joses some of the absorbed moisture (pp. 6, 48). Conversely,
swelling occurs when dry or partially dry wood is soaked or when it
takes moisture from the air or other source. Shrinkage and swellin
in the direction of the grain (length) of normal wood is only a smaﬁ
fraction of 1 percent and is too small to be of practical importance in
most, uses of wood.” All shrinkages are expressed as percentages of
the original or green dimensions.

Column 11 lists for the various species the shrinkage in volume from
the green to the oven-dry condition. The values are averages from
actual volume determinations on small specimens.

In columns 12 and 13 are average values of the measured radial
and tangential shrinkages in drying standard specimens from the
green to the oven-dry condition. ~ Radial shrinkage is that across the
annual growth rings as in the width of a quarter-sawed board. Ten-
gential shrinkage is that approximately parallel to the annual-growth
rin’Fs as in the width of a flat-sawed board.

he shrinkage of any piece of wood depends on numercus factors
some of which have not been thoroughly studied. 1In all species listed
in table 1 the radial shrinkage is less than the tangential, Hence,

¢ Approciable longitudinal shrinkage 15 associated with ' pompression wood”, and ather aboormal wood
Sructure (pn. 72).
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quarter-sawed (edﬁe-grained) boards shrink less in width but more
in thickness than flat-sawed boards. The smaller the ratio of radial
to tangential shrinkage for a species, the greater is the advantage to
be gained through minimizing shrinkege in width by using quarter-
sawed wood. Also, the less the difference between radisl and tan-
gentinl shrinkage, the less ordinarily is the tendency of the wood to
check in drying and to cup when its moisture content changes.

Air-dry wood takes on or gives off moisture with each change in
weather or heating conditiors. The fact that time is required for
these moisture changes, causes a lag beiween atmospheric changes
and their full effect on the moisture condition of the wood. Thelag
is greater in some species than in others, ter in heartwood than in
sapwood, and is much less in small than in large pieces. Itisincreased
by protective coatings such as paint, enamel, or varnish. Some
species whose shrinkage from the green to the oven-dry condition is
large cause less inconvenience in use than woods with Jower total
shrinkage, because their moisture content does not respond to atmos-
pheric changes so closely. The slirinkage figures given do not take
Into account the readiness with which the species take on and give off
moisture, and therefore should be considered as the relative shrink
between woods after long exposure to fairly uniform atmospheric
conditions or with the same change in moisture content.

The values listed in columns 11, 12, and 13 are shrinkages from the
green to the oven-dry condition and thus are much greater than
ordinarily occur in the seasoning of wood or with changes in moisture
content subsequent to seasoning. About half the listed value repre-
sents the shrinkage from green to the average air-dry condition of
12 to 15 percent moisture, A change in moisture contfent of dry
material by 1 percent may be expected to produce & percentage
shrinkage or swelling of about one twenty-fifth of the value listed in
columms 11, 12, or 13.

MECHANICAL PROPERTIES (COLUMNS 14 TO 30}

Columns 14 to 30 inclusive list the average values obtained from
tests made according to the standardized procedure (pp. 4, 78). For
convenience and ease of reference, each of the column headings is
discussed independently in the order in which it appears in the table.
The reliability of the averages and the significance of differences
between species is discussed in a later section on variability. Aﬂme-
ciation of the significance of the values and of how they should be
modified to apply to conditiona of use differing from those under
which the tests were imade will be enhanced by study of later discus-
sions, particularly those on form factors and effect of duration of
stress. Modifications to make them applicable to material affected
by various types of defects are indicated by the discussion of factors
affecting strength.

STRESS AT PROPORTIONAL LIMIT, STATIC BENDING {(COLUMN 14)

The proportional limit in any test is the linit of proportionslity
between load {or stress} and deformation (or strain}. When load is
increased by a given percentage without passing this limit, deforma-
tion increases by the same percentage. With an increase in load
beyond the proportionsl-limit value, deformation incresses by a
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roatcr perceninge than the lond. Both these fucts are illustrated
y the load-deflectioni graph shown on page %0.

In accordance with current practice (3) in the field of testing
materinks this bulletin uses ‘‘proportional limit”, instead of “elastic
limit”, as used in previous Forest Service publications, to designate
the limit of proportionality between stress and strain or between load
and deformation.,

The determination of the pruportional limit in any test is subject
to uncertainty because it is somewhat dependent on the increments of
load and deflection used in testing and on personal judgment in locat-
ing the point of departure from the straight-line relation in such a
dizgram as shown on page 50. Values of load and deformotion at
proportional limit for wooden members depend on the rate at which
the lond is increased and on the length of time it acts on the member.
This is illustrated by the fact thab stress and deformation at propor-
tional limit are much greater in impact bending, in which the speci-
men is subjected to instantaneous shocks, than in static bending in
which the load increases at o moderate rate.

Because n picce stressed within the proportional Jimit recovers
from its deformation on removal of the load and release of the piece
from stress, the proportional limit is somatimes called the elnstic lumit,

Tests have demonstrated that loads in bending or in compression

arallel to grain that exceed the proportional-limit values as found
rom tests made at tho standard speeds (4} will ultimately cause
failure if they continue to act on a wooden member. Thus, these
proportional-limit values of stress are upper limits to the stresses that
can be used in the design of permanent structures. In determining
sufe working stresses, factors of safety must be applied to average
values of stress at proportional limit in order to aliow for variations
below tho average and to provide for the contingency that the member
will bo loaded more heavily than was assumed in its design. The
offects of duration and repetition of stress are discussed on page 59.

Stress at proportional limit in static bending (column 14) is the
stress that exists in the top and bottom fibers of a beam at the propor-
tional limit load. Tt is in general applicable to clear beams of rec-
tangular cross section, although a shght adjustment is necessary to
ndapt values from the standard 2- by 2-inch specimen to pieces of
other sizes. In estimating the strength of beams of special forms,
such s I, eircular, box, or diamond-shaped cross sections, on the
bagis of the data derived from square specimens as presented herein,
the effect of the shape and propertions of the section (p. 63) must be
considered.

MODULUS OF RUPTURE, STATIC BENDING (COLIUMN 15)

Modulus of rupture is the com?‘utcd stress in the top and bottom

fibers of a beam at the maxirnum load and is a measure of the ability
of a beam to support a slowly applied load for a short time. The
formula by which it is computed 1s based on assumptions that are
valid only to the proportional limit, hence modulus of rupture is not
a true stress. 1t 1s, however, a widely accopted term and values for
various species are quite comparable.

Since the medulus of rupture is based on the maximum load,
which is directly determinable, it is less influenced by personal and
other factors than proportional limit values.
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The modulus-of-rupture values are used to compare the bending
strengths of difforent species, and in conjunction with the results of
tests on timbers containing defects to determine safe working stresses
for structural timbers.

Like stress at proportional limit, modulus of rupturs as found from
the standard 2- by 2-inch spectmens requires some modification to
adapt it to square or rectangular beams of other sizes or to make it
l(t-pp ic;;ble to benms of I, circular, box, or dismond-shaped cross section

p. 63}

MODULUS OF ELASTICITY, STATIC BENDING (COLUMN 16)

Modulus of elasticity is a measure of the stifiness or rigidity of a
mauterial. The deflection of » beam under load varies inversely as
the modulus of elusticity; that is, tho higher the modulus the less
the deflection. Modulus of elasticity is useful for computing the
deficctions of joists, beams, and stringers under loads that do not
cause stress beyond the proportional limit., It is also used in com-
puting the lond that can be ecarried by a long column, because for
such columns tho load depends on the stiffness, and not on the
crushing strength of the wood parallel to the grain.

Some of tho deflection that oceurs in the bending of a wooden
beam is due to shear distortion, the amount varying with the pro-
portions of the piece and the placement of theload. About one-tenth
of the deformation meusurctFin tests of the standerd bending sysci-
men is dus to shearing distortion. The true moduli of elasticity are
consequently about 10 percent higher than the values in column 186.

WORK TO PROPORTIONAL LIMIT, STATIC BENDING {(COLUMN 17}

Work to proportional limit in static bending, as the name implies,
is o measure of tho energy that the beam absorbs in being stressed
to {ho proportionat limit.” Since work is tho product of average force
times the distance moved, work to proportional limit involves both
the lond and the deflection ab tho proportional limit.

Values of work to proportional fil’l‘lit may be used to compare the

ability of different species Lo withstand a combination of high load
and high deflection without appreciable mﬁu'y. Hence, they measure

the toughness of a piece to the elastic imit. It 1s a comparative
o . -

property ounly and cannot be used direetly like modulus of rupture

n strength caleulations.

WORK TO MAXIMUM LOAD, STATIC BENDING (COLUMN 18)

Work to maximum load in static bending represents the capacity
of the timber lo absorb shocks that cause stress beyond the pro-
portional limit and are great enough to cause some permanent
deformation and more or less injury to the timber. It is a measure
of the combined strength and toughness of a material under bending
stresses, Superiority in this quality makes hickory better than
ash, and oak better than longleaf pine for such uses as handles and
vehicle parts subjected to shock. Work to maximum load is closel
related to height of drop in impact bending as & measure of shocﬁ
resistance.

Work-to-maximum-load values cannot bo used directly in design,
but, like many others, theit usefulness is limited to comparisons.
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TOTAL WORK, STATIC BENDING (COLUMN 19)

Total work in static bending is u mensure of the toughness under
bending stresses that cause complete failure.  Like work to maximum
lond, 1t is & meusure of that quality which makes hickory a superior
woad for handles, and other uses involving shock rvesistence. It
is also indicative of the same quality as is measured by height of
drop in impact bending.

STRESS AT PROPORTIONAL LIMIT, IMPACT BENDING (COLUMN 20)

The stress ab proportional limit is the computed stress in the top
and bottom fibers of the beam at the propertional limit {pp. 11, 84).
The stress at proportional limit averages approximately twice as great
in impact as in static bending. It 1s mainly of use in comparing
species with respect to their elastic behavior under imguct loads.
Stress at proportional Iimit is the only stress computed from the
standard-impact-bending test.

It is impossible from the measurements made in this test to find
the maximum force beiween the hammer and the specimen or to
cormpute a maximum stress value analogous to modulus of rupture
in static bending. 'That such a value would, if determined, be con-
siderably higher than modulus of rupture is demonstrated by the
fact that stress at poportional limit in impact averages somewhst
higher than modulus of rupture. In a few tests in which specimens
were broken by a single impact and the maximum foree acting on the
specimen found from records of the deceleration of the hammer, the
computed maximum stress was approximately 75 percent higher than
modulus of rupture of similar specimens tested in static bending (58).

WORK TO PROPORTIONAL LIMIT, IMPACT BENDING (COLUMN 21}

The work to proportional limib in impact bending is a measure of
the energy that the beam absorbs in being stressed to the proportionsl
limit. It involves both the deflection and the stress at proportional
Iimit. Work to proportional limit is used to compare the ability of
a timber to absorb shock and recover prompily without irjury.” It
represents i quality important in such products as tool handles or
tennis rackets. The values apply only to the resistance to falling
bodies or Jike conditions in which the stress is applied snd removed
in & fraction of a second.

HEIGHT GF DROP OF HAMMER, IMPACT BENDING (COLUMN 22)

The height of drop of the hammer in jmpact bending is the height
from which the 50-pound hammer is finally dropped to cause complete
fallure of the standard test specimen. It is 2 comparative figure
expressing the ability of wood to absorb shock that csuses stresses
beyond the proportional limit. It represents & quality important in
such articles as handles, and picker sticks, which are stressed in
service beyond the proportional limit. Wood requiring a large
height of drop to produce failure usually exhibits a splintering fracture
when broken, whereas a smasll height of drop is associated with &
brittie fracture.
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STRESS AT PROPORTIONAL LIMIT, COMPRESSION PARALLEL TO
GRAIN (COLUMN 23)

Stress at proportional limit is the greatest stress at which the com-
1()rcssive loojd remains proportional to the shortening of the specimen
pp. 11, 86).

g‘he stress at proportional limit is applicable to clear compression
members for which the ratio of length to least dimension does not
exceed 11 to 1, It is the limiting stress in eompression paraliel to
grain which should not be exceeded in determining safe loads, The
stress at proportional limit in compression parsallel to grain is taken
into account in arriving at safe working stresses for short columns
and other compression members, determining design values for bolted
joints and the like. The stress at proportional limit averages about
80 dpercent of the maximum crushing strength for coniferous woods,
and 75 percent for hardwoods.

MAXIMUM CRUSHING STRENGTH, COMPRESSION PARALLEL TO
GRAIN (COLUMN 24)

Maximum crushing strength is the maximum ability of a short
piece to sustain a slowly applied end load over a short period. It is
applicable to clear compression members whose ratio of length to
least: dimension does not exceed 11. This property is important in
estimating endwise crushing strength of wood, and 1n developing safe
wl'or]l{.ilr\lg stresses for structural timbers, design of bolted joints, and
the like.

Maximum crushing strength is one of the simplest properties to

determine. It is usually less adversely affected by various treat-
ments or processes applied to wood than other strength properties,
and henes should not be regarded as representative of other strength
properties in appraising the effect of such treatments.

STRESS AT PROPORTIONAL LIMIT, COMPRESSION PERPENDICULAR
TO GRAIN {COLUMN 25)

Stress at proportional limit is the meximum across-the-grain stress
of a few minutes duration that can be applied without injury through
a plate 2 inches wide and covering but a portion of the timber surface,
It is useful in deriving safe working stresses in compression perpen-
dicular to grain, for computing the bearing area for besms, stringers,
and joists, and in comparing species for railroad fies and other uses
in which this property is importent. .

In compression perpendicular to grain, particularly if the load is
applied to only part olfJ the surface area as In this test, wood does not
exhibit a true ultimate or maximum strength as In compression
parallel to grain and static bending; but the load continues to Increase
until the block is badly crushed and flattened out. Hence, no
ultimate or maximum strength value is obtained. )

In the standard test procedure, the specimen is pleced with the
direction of the annual growth rings parallel to the direction of the
load except when this is impossible, such as with specimens from near
the pith of the tree. Thus the load is applied to the radial face, but
it should be pointed out that the fiber stress at proportional limit in
compression perpendicular to grain like other across-the-grain prop-
erties of wood are very appreciably affected by ring placement.
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Although there appears to be no consistent difference in fiber stress at
proportional limit when the rings are paralle! and perpoendicular re-
spectively to the direction of the applied load, appreciably lower
values obtain when the rings are at an angle of 45°, This fact is of
practical importance in timber design and use,

The fiber stress at proportional Iimit in compression perpendicular
to grain depends also on the size of plate with respect to the length of
the test specimen. With the surface of the specimen but partly cov-
ered, there is a component. of tension parallel to grain at the edge of
the plate, in addition to the compressive stress proper. Values of
proportional limit lower than those obtained with the standard test
are found when the plate covers tho entire surface of the test specimen,
and higher values result when the width of plate is decreased. The
method of test employing a plate covering but part of the surface is
somowhat analegous to the bearing conditions in service where a
joist or bemm rests on its supports.

HARDNESS (COLUMMS 26 AND 27)

Hardness i1s the load required to embed a (1.444-inch ball to one-half
1ts diameter in the wood, It represents 4 property important in wood
subjected to wear and marring, such as flooring, furniture, raiiroad
ties, and paving blocks. The hardness test provides data for com-
paring different picces or different species of wood, but the results
cannot be used for calculating ths size of menibers, as can such prop-
crties ns modulus of rupture.

Hardness tests are made on end, radial, and tangential surfaces.
End hardness values are given in column 26. There is no significant.
difference between radial and tangentinl hardness, and they are aver-
aged together as “side hardness’’ in column 27. '

In determining side hardness the principal stress is perpendicular to
the grain, but because of the depth of penetration of the ball, a con-
siderable component of end-grain hardness is introduced in the load.
Likewise the end-hardness values reflect a component of side-grain
hardness, Although end hardness is usually higher than side hard-
ness, it is evident ﬁmt the two are elosely related.

Although hardness is the best available index of the ability of wood
to resist wear, it is not so good a criterion of suitability as would be
nctual comparisons from some kind of abrasion tests that would more
nearly simulate service conditions. However, no abrasion test for
woo_rll b}ias yet been standardized and systematic results are not
available.

MAXIMUM SHEARING STRENGTH, SHEAR PARALLEL TO GRAIN
(COLUMN Z28)

Maximuin shearing strength is the average stress required to shear
off from the test specimen a projecting lip having a length in the direc-
tion of the grain of 2 inches. éhearing strengt para%]el to the grain
is a measure of the ability of timber to resist slipping of one part upon
another along the grain. Shearing stress is produced in most uses of
timbor. It is fmportant in beams, where it is known as horizontal
shear—the stress tending to cause the upper half of the beam to
slide upon the lower—and in the design of various kinds of joints,
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It is difficult to dovise a test that involves only shearing stress, A
tenstle component perpendiculsr to the grain of the wood influences
the results of tests made by the standard method, but in general, the
same offect in varying degree obtains in other methods in use or pro-
posed. In obtaining the average shear values presented, a uniform
distribution of stress throughout the shearing area is assumed, al-
though it is not certain that uniformity obtains. The maximum
shearing strength also varies with the amount of offset between the
shearing force and the line of support of the specimen. Compar-
able values are obtained by standardizing the test procedure as in
this series of tests.

LOAD TO CAUSE BPLITTING, CLEAYAGE (COLUMN 29}

Cleavage is the maximum load required to cause splitting of the
standard specimen. It is expressed in pounds per inch of width,

It is eviden$ that the maxinum load in cleavage depends on the
width and length of the specimen. In order to insure comparable
results, the standard length of 3 inches is always maintained. The
cleavage strength, like some of the other properties cannot be used
directly for calculating required sizes of wood members or in_similar
design problems, but is useful mainly for comparisons. This test
differs 111)'0111 the action of nails in splitting wood when driven, and
should not be taken as a criterion of the relative resistance of the
different species to such splitting.

MAXIMUM TENSILE STRENGTH, TENSION PERPENDICULAR TO
GRAIN (COLUMN 239}

The maximum tensile strength perpendicular to the grain is the
average maximum stress sustained across the grain by the wood.

The tabulated values are obtained by dividing the maximum load
by the tension area. It is recognized that the fensile stress is not
uniformly distributed over the aren. Consequently, the values
probably do not represent & true tensile strength. They are, never-
theless, useful for comparing species and for estimating the resistance
of timber to forces acting ncross the grain.

VARIABILITY

Variability is common {o all materials. If one tests pieces of wire
from n roll, the londs necessary to pull the wire apart will vary.
Likewise, the breaking strengths of different pieces of the same kind
of string or rope are not the same. Materials, however, differ con-
siderably in the amount of variation or the spreed of values,

The prowing tree is subject to numerous constantly changing
influences that affect the wood produced, and it is not surprising that
even the clear wood is variablein strength and other properties. The
factors affecting tree growth include, soil, moisture, temperature,
growing space, and heredity.

Everyone who has handled and used lumber has encountered
variability and observed that different pieces even of the some species,
are not exactly alike. The differences most commonly recognized
are in the appearance, but even greater differences in weight and in
strength properties occur and may be of greater importance.

IS 35—
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The variability of wood can be illustrated by considering as an
exl;uinple the data op specific gravity of Douglas fir presented in
table 2,

These data show thet the specific gravity of the heaviest piece
included in the series was nearly twice that of the lightest, and that
the number of very heavy and very light pieces is small. Most of
the values are grouped closely about the average.

TanLe 2—Resulls of apecific gravity delerminalions on 1,240 samples of Douglas fir

(coast type)
Specl Be grvv | proug it Pleces in groep Bpecific grovity | grouy limlis | Pieces In group
Number | Percent Number | Percent

00 1o BB, o ecnecm e 2 .18 o0 T.74
0310 to Vi e e e 7 N H 5.9
0,320 to Gai. . 1] A8 70 5.05
0,330 ti 0. 350 - 15 1L & 4 B2
0,340 1o Oidi. - 13 1,05 A6 T
0,350 Lo G350 - 23 1.86 41 3.4t
0300 to 0.l . 25 202 an 247
0,370 to G370 - 48 3.08 ] 1.8
G350 to D.340. . 47 3.7 12 B
0,300 to 0,360 i3] & 16 ] .73
0AD0 o H.400 75 4.05 10 LBl
4,410 to 0419 85 6.88 4 .32
0420 to 0.4£9 76 .13 1 .8
0430 to 0430 w 7.9 3 .
G0 Lo 0,440, 100 806

QA0 to 0450 _ . o0 .28 1,240 100, o0

1 Twed oo welght wien ovou-ary nod volume when green,  Average apecific grovily squols 9445 highest
nhserved specilie gravity, 0.640: jowest, 0.304,

The manner in which the values are grouped about an saverage is
called a frequency distribution, from which the chances that & random
iece will differ from the average by a given amount can be estimated
Ey computation. Such calculations, for example, assuming that the
specific-gravity values conform to a so-called normal distribution,
leads to the expectation that one-half of the Douglas fir samples would
be within 7.9 percent of the average specific gravity, or within the
limits 0.41 and 0.48 inelusive, and that one-fourth would be below
0.41 and one-fourth above 0.48. The figure defining such limits, 7.9
percent in this instance, is called the probable variation. By actual
count 654 of the pisces or 52.7 percent of the total number (1,240)
have n specific gravity between 0.41 and 0.48, whereas 25.4 percent
(315) were below 0.38 and 21.9 percent (271) were above 0.48. Thus,
as might be expected, the caleulated perceniages do not agree exactly
with the actual count. Nevertheless, the agreement is sufficiently
close to show the value of the theory in estimsting the variability.

The range in strength properties can be studied and used as a basis
for making estimates in a like manner.

After tests have been made it is, of course, easy to determine from
the results the proportion of the test pieces within any given range,
but one can only estimate the reliability of the averages.and the degree
to which this test datae applies to other pieces. One would like to
know the true average for each species, a quantity which .cannot
actuelly be determined. The best that can be done is to assume that
the laws of chance are operative and thus estimate the probability of

- variations of given magnitude from the averages found. Such is the
basis of the suggestions for estimating variabiliy by means of data
presented herein.
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It would be desirable to present a measure of the variability of each
property of each species. However, the extensive calculations in-
volving all properties and species have not been made: and if available,
theu' presentation would be nvolved. Although it 1s known that all

ies are not equully variable, existing information indicates that

ey are enough xﬁlke that estimates made on the assumption that

the percentage variability in any one property is the same for all
species will be sufficiently accurate for approximate calculations.

The questions that most frequently arise in a consideration of the
variability of wood, are of two types:

(1) Whnt is the significance of the differences between nverage
vulues for two species or what is the likelihood that the averages will
be changed & specified amount by additional tests?

(2) What ia the range that includes a specified proportion of
muterial of a species, or what is the likelihood thut a pieco selected
at random will be within a specified range?

VARIATION OF AVERAGE VALUES

The probable variations of observed averages from the true averages
cnables one to ap;r?mse the significance of differences between oh-
served averages. The estimated probable variation of the observed
average from the true average of a species, when based on different
nunbers of trees, is given in table 3. The percentage probable vari-
ations listed in tahla 3 being average values for a number of species,

an occasional gpecies may be considerably more or less variable than
indicated.

TabsLe 3.—Percentages probable variation! of the observed average from the Irue
average of a species, when based on malerial from different numbers of irees
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t The perosntage probable variation of the average of i species i3 a Nigure such thnt there |5 an even chance
that the true average is within this percentage of the observed nverage in table

The observed average is always the most probable value of the true
average, The importance of the differences between species with
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respect to averages depends on the magnitude of this difference in
relation to the probable variation of the averapes, as well as on how
exacting the strength requirements are for the particular use under
consideration.

If the averages of any property of two species of table 1 differ b
an amount equal to the probable variation of the difference,? there 1s
1 chance in 4 that the frue average for the species which is Iower in
that property on the basis of present data equals or excecds the true
nverags of the other. There is also 1 echance in 4 that the true
average for the higher species exceeds that of the lower one by as
much as twico the observed difference, When tle averages differ
by amounts that are ¥, 1, 2, 3, 4, or 5 fimes the probable varintion
of their difference the chances of the true average of the lower species
equuling or exceeding the true average of the higher, or of the ob-
served difference being at least doubled are given in the following
tabulation: M
Muttipies Chanee

A e e mmmm M m A m A A m e m e mmm e mmmmmmmm e 1in 23

e m e e m e camemrrammm A m e mm e lin 4.

- J e m e m i ———— e b ——_—————— 1lin 11,

e S 1in 46

Bt e — A ————— I in 285,
B e e e e e 1 in 2,850.

As an exuinple, consider the average values for modulus of rupture
of 9,300 and 9,600 pounds per square inch for Biltmore white ash
and blue ash, respectively, in the green condition (table 1}, These
averages being based on five trees of each species the probable varia-
tion according to table 3 is 4 percent. Then 4 percent of 9,300 equals
372, and 4 percent of 9,600 equals 384, the probable variations of
these averages. The probable variation of the difference befween -
the averages is then +/ (372)*4(384)° or 535; the observed difference
in the averages for modulus of rupture (8,600-9,300) is 300. The
ratio of the observed difference o the estimated probable varistion
heing less than 1, it may be estimated from the tabulation that the
chance that the frue average modulus of rupture for Biltmore white
ash equuls or exceeds that for blue ash is somewbat greater than 1in 4.
There is the same chance that the true average of blue ash exceeds
that for Biltmore white ash by as much as 600 or twice the difference
in present average figures as shown in table 1.  Therefore, the differ-
ence in modulus of rupture between blue ash and Biltmore white
ash is no$ to be regarded as significant.

As a second exumple, consider the figures for modulus of rupture
of 9,400 and 8,300 for sweet birch and yellow bireh, respectively
(tabie 1). The figures for sweet birch sre based on 10 trees, those
for yellow birch on 17. From teble 3 the probeble variation of the
species average for modulus of rupture when based on 10 frees is 2.8

ercent and when based on 17 trees it is 2.2 percent. (The figure
or 17 trees is taken as between that given for 15 trees and 20 frees).
Following tiic method of the preceding exemple, the probable varia-
tion of the difference between the aversges is found to be 320, The
difference between the observed averages is 1,100, which is about
thiree and one-half times its probable variation of 320. The tabula-
$Tho probabie viristion of the difference of two a figured i3 the squore root of the sum of the

Vernge
stuores of the prebable varintlonts of the aversges, ‘Tho probable veristlon of the aversge of nny property
oty e wstimated [rom: the Sgures in tsble 3.
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tion indicates that the cliznce that the true average for modulus of
rupture of yellow birch would equal or excel that for sweet birch is
less than 1 in 46. The importance of such differences will depend
on the use to be made of the wood.

VARIATION OF AN INDIVIDUAL PIECE FROM THE AVERAGE
The upper and lower limits for any property within which one-half
of the material of a species would be expected to {rll may be esti-
mated from the following tabulation,

FEstimated probable variation of an individual piece from average for species

Property: Pereent
Specitic gravity based on volume when green_ . ____________________ 3
Shrinkage:

Rad Rl e o e e A — e 11

Tangential o e eeeeemem 10

Volumetric o e 12
Stutic bending:

Fiber stress at proportionst Tivmit. o . ____ 16

Moduluws of rupture. . _____ 12

Meodulus of elasticiby ... ... 16

Work to maximum load . 23
Impact bending:

Fiber stress ot proportional Lmit. . . _____ ________ 13

Height of drop_ e 18
Compression parallel to grain:

.i"iber stress at proportional imit. o _______________ 18

Maximwn erushing strength L ___

13
Compression perpendicular fo grain: Fiber stress at proportional limit___ 21
Hardness, end L 13
Harduess, side _ L e 15

As an example, consider the modulus of rupture of red alder, when
green, which 13 found from table 1 to be 6,500 pounds per square
mch. The tabulation lists the probable variation for modulus of
rupture as 12 percent. Twelve percent of 6,500 is 780; which when
subtracted from and added to the average gives limits of 5,720 and
7,280 pounds per square inch., The probable variation is & value
associated with the range within which one-half of the material of a
species will fall. Consequently, it may be estimated that in red alder
approximately one-half of the material would be between 5,720 and
7,280 pounds per square inch in modulus of ruptue.

Considered 1 another way, there is 1 chance in 4 that the modulus
of rupture of an individual specimen taken at'random will be below
5,720 pounds per square inch, 1 chance in 4 that it will be above 7,280
pounds per squsre inch, and there are 2 chances in 4 that it will be
between 5,720 and 7,280 pounds per square inch. The greater the
probable variation, the greater the difference that may be expected
in values, and the less the certainty with which the average values
can be applied to individuel pieces. : '

It is possible by means of mathemstical tables, which are available
in numnerous texts on the theory of probability or statistical methods,
to calculate the proportion of material associated with other ranges or
that may be expected to be below or above any specified limit.
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SELECTION FOR PROPERTIES

The fact that & piece of weod differs in properties from another of
the same species o?ten makes one more suiteble than the other for a
specific use. This suggests the possibility of selecting material of &
quality best suited to meet specific use requirements. Fortunately,
strength is frequently correlated with weight and to a lesser degree
with other physical characteristics, and these relationships some-
times afford & basis for grading and selecting for strength.

Aside jrom weight, the other physical characteristics most usable
for selecling on the basis of the strength of the clear wood are propor-
tion of sununer wood, rate of growth, hardness, and stiffness.  Either
visusl or mechanicsl methods, or both, may be employed in apprais-
ing the properties. For example, selection may be made at the saw-
mill so that the heavier, and consequently stronger and harder, pieces
go into siructural timbers, flooring, or other uses for which the higher
measure of these properties particularly adapt them, while the lighter

ieces may preferably be used for such purposes &s trim or heat insu-
thion; or selection may be made at the lumber yard when materisal
of high weight or that of low weight is desired. By means of selective
methods the variability of wood, usually regarded as a liability, can
within certain limits be made an asset. Selection on the basis of
grades that limit defects is & common practice. Selection on the
basts of quality of clear wood is less common, but is frequently very
desirable, and offers possibility in the improvement of marketing
practice. In any instance defects must of course be considered.

OTHER MECHANICAL PROPERTIES NOT INCLUDED IN
TABLE 1

In addition io the data from the tests presented in table 1, informs-
tion on certain other mechanical properties, principally tension paral-
lel to grain and torsional properties is someiimes needed. A brief
discussion of these properties, and of a special toughness test that may
be used as an acceptance methed follows,

TENSION PARALLEL TCO GRAIN

In order to get reliable dsta on tension along the grain, special
caro must be exercised in preparing test specimens, and for this and
otherreesonslitfleinformation on this propertyis available. Further-
imore, the true tensile strength of wood along the grain is less impor-
tant 1n design than other properties because it is practically impos-
sible to devise attachments that permit the tensile strength of the full
cross section of & wooden member to be developed.

Axvaileble results of tension tests show thet generally the ultimate
tensile strength considerably exceeds the modulus of rupture. Hence
the modulus of rupture may be used as an estimete of the ultimate
tensile strength parallel to grain for conditions where & uniform dis-
tribution of tensge stress obteins over the net cross section of a mem-
ber. Uniform stress distribution, however, does not occur in the net
tensicn ares of a bolted joint, where it has been found thet for soft-
woods the net tension area must be 80 percent, and for hardwoods
100 percent of the total bearing ares under all the bolte (50} in the
joint.

! Table 4 presents the aversge results of tests in tension parallel to
the grain on seversal species. '
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TanLy 4.—Results of lests lo delermine the ultimate lensile sirength purallel lo the
grain
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Figure 1 illustrates the form of specimen on which table 4 is based.
Despite the reduced cross section in the central portion of the length
the specimens sometimes fail by shear instead of in tension. 3peci-
mens that failed other than in tension are not included in the aver-
age values of table 4.

TORSIONAL PROPERTIES

The torsional strength of wood is little needed in design and, except
for Sitka spruce, has not been studied extensively. Available results,
however, indicate that the shearing stress at maximum forsionel load,
as calculated by the usual formulas, are approximately one-third
greater than the values in table 1 for shearing strength parallel to the
grain (81),

The effect of duration of stress on torsional strength is pronounced,
being greater on the mfaortional limit than on the maximum tor-
sional strength. Witlr": slowly applied loads the proportional limit
may be less than 50 percent of the maximum, whereas with quickly
applied loads the proportional limit may be 75 percent of the max-
mum load. .

The modulus of rigidity or the modulus of elasticity of wood in
shear 1s 8 combination of the cog(:lfmnent moduli along radial and
tangential surfaces, and is influenced among other things by the posi-
tion of the growth rings. The combined moduli &re known ss the
mesn modulus of rigidity, which for Sitka spruce is about one-fifteenth
the modulus of elasticity along the grain. Scattered tests on other
species show a renge in values of the mean modulus of rigidity be-
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lween one-fourteenth and one-eighteenth the modulus of elasticity
along the grain.  Until definite values are available for other species,
# ratio of ono-seventeenth appears
w conservative.

2 -! A third shear modulus that does
—F not come 1n play in torsion about

oy

i

8

b

&n axis parallel to the grain is asso-
ciated with stresses that tend to
roll the wood fibers by each other
in a direction at right angles to
the grain. This shearing modulus
is extremely low butis of little im-
portance in most design.

8

SECTION 8-

E—

TOUGHNESS

Although & number of the properties
listed in table 1 measure toughness, &
special device known as the Forest Prod-
ucts Laboratory toughness machine was
developed to provi(ﬁ; & simple method
of determining toughness from relatively
small samples. The test affords a means
of comparing species, and e basis for se-

_I'_:_i e lecting stock of known properties by
ad L4 testing small specimens from pieces of
E-_F wood intended for use. The machine
ey {fig. 2) operates on the pendulum prin-
SECTION A-4 ¢ible, but it differs from other pendulum
machines in that the striking force is
applied through a cable attached to a
drum mounteg on the axis of the pen-
dulum. The specimen, which is % by %
inch or % bg # inch in cross section and
is supported over an 8- or 10-inch sfpan,
is subjected to an impact bending force
at the middle of its length (26).
Available average results of toughness
tests are presented in table 5.
Recommended acceptance values for
stock for aircraft and other high-class
uses are presented for a few woods in
table 6. In applying the test as an sc-
ceptance requirement for wood, it is
recommended that four specimens be
tested from the same piece as the part to
be used is taken. To be aceeptable, the
piece (1) must either meet a minimum
toughness requirement established for
. the species under consideration, or if
L e epeaisionurllelo- o2ihin & certain tolerance below this
minimum must pass in addition & min-
imum specifie-gravity requirement; {2) must show a limited range
in toughness values for specimens from the same piece, and (3)
mus$ pass careful visual inspection,
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3|
o

oo

Fiaune % —Forost Products Laboratory louphoess-testlag machina.

Tasuk 5.~ Lesulls of toughness testy

18 meeiiens Gy by 846 by 10 inehes tested on nn S-ineh spus]

Fueo to which load Is appiled
Specific —
gravity
Molstiare | (oven-dry; Iuedinl . Traponiial
vontent | bused on
volume |
ot test) |
1

Bpwces

Tough- vepe | T OuED-
ness | Ve ]k

"eREs

In-th o per ] Num- |In-th. per
Bireh: Hereent apecinen bl speeinien
Alnskn whille e 0.8 184 180
B 1L R 1. % &5 2 13

Cuislpa, hardy .. [ . o I8 181

118 124

Cladur:
Alaska_ ... . .... ... .. e e i 4 b4
WeslOrh TP v e i i ranea u 0

Douglng fro.... mmmmemmams im s mmmam b ———— 12

Fir, cotkbark, oo cceccmemmac e
Hemlock, enstern .

Maple, sugar..

Ty

Plne, lobloly e e e
Pine, longienf e wn A . —————
Pine, shorttenl . e et
Ping, sI8B. . cvevrmnraransauo e aaraasnus .-

Redwood e |
Spruce, BIRA. civer e e e




26  TECHNICAL BULLETIN 479, U. S. DEPT. OF AGRICULTURE

TanLy G-—Afinimum gcceplance requirements for aircraft woods based on lests?
in the Forest Products Leboralery toughness machine
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£ Thes values ars fe be applied to the ammfn of 4 or more lest speclmens, kod (he range Ik Individual
test vatues used tn arriving at the average shoul? nof exceed 1 to 235 among 4 speclmens.

The procedure is simple and tests are made very rapidly, No
caleulation is necessary as the readings of the machine are readily
converted into toughness values by the use of available tables. The
procedure is further simplified by the fact that when testing dry wood
the moisture condition of the specimen may be ignored, as tests have
shown that toughness is affected but little by such moisture differ-
ences as may be commonly encountered.

The one essential in the application of the toughness test as an
accepianee method, in addition to the necessary machine for making
the tests, is a knowledge of the species with respect to minimum
toughness requirements, The recommended values presented in
Labﬁa 6 have been established from tests made at the Forest Products
Laboratory,

PROPERTIES OTHER THAN STRENGTH
RATING OF SPECIES IN SEVEN PROPERTIES

It has been mentioned that consideration of properties other than
strength, weight, and shrinkage may be necessary in appraising the
suitability of a wood for various uses {p. 3). Table 7 compares a
number of species with respect to ease of kiln drg‘i.ng, ability to stay in
place, workability, nail-holding ability, ease of gluing, resistance to
decay, and ability to hold paint. The classifications are approximate,
and only in some instances sre they based on technical research. In
others they are based on observatioh, experience, and genersl infor-
mation. The ratings vary from 1 t0 4 or 1 t0 5, the lowest number
indicating the best rating. For some other properties, such as acid
resistance, sufficient information is not available to prepare even such
a general classification of species. Information on properties other
thart those presented in this bulletin, insofar as available, may be
obtained by writing the Forest Products Laboratory, Madison, Wis.
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TasLe T.—Approximale comparizon of 7 properties of commercial species of wood
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1 Baltwoomls are in genetal sasler to dry than kardwoods. A softwood given the satne nutnerical mtlni; a
a hurdwood [s, therefore, regarded as slightly easier 1o dry. These mt[nﬁlm bnsed on easa of removal of

mnoistire without visible degrade but do not take loto acoount susceptll
drying under high temperatnres (37).
12 refera to sapwood and 4 (o heartwood, known commercially as sag guit: and red gum, respectively.
1§ refers to the uplaod type of cak and 5 o the lowland type of oal,

ity to reduction ie strength in
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Tavrg 7.—dApprozimate cnmpar:’m% of 7 properiies of commerical species of woosd—
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;}'.! refers Lo ekl fromt upper dogs and o {o mederisl from butt Jogs which are generally suseaptible to
tolfnguay,

1 2refers to denve Douplus fir nm! dense squthery yellow pine. _

3 refors to mulerial from upper logs aod 4 to slaker stock fronm buit Jugs,

REQUIREMENTS FOR MOISTURE CONTENT OF WOOD IN BUILDINGS

The satisfactory use of lumber frequently depends upon the char-
acteristics of tho stock in its entirety, such as the size, kind, and
number of defects as well a3 upon the propertics of the clear wood,
and may be further influenced by sizes avaifable, degree of seasoning,
and marketing practices. Ifor most purposes seasoned is to be pre-
ferred to unseasoned sfock, and for some uses, such as flooring, a
definite degree of seasoning is essential for satisfactory results.

As an example of seasoming requirements, table 8 gives recommen-
dations for desirable initial moisture content of lumber for various
parts of dwellings (40).

While it is desirable that the average moisture content be near the
value given in table 8, it is far more important that the moisture
content of individual pieces of & lot be within the specified range.
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TanLs 8—Reconumended moisture-contenl values for various wood items ai time of
installation

Molature content (wtm::hl[ku of welghi of aven-lry wour}
or—

Dry southwestern | Damp southern | Jomalnder of the
1Tse of hinnher Btntes eonstal Stutes Undtedl Stoles

Runga for
indivld-
tinl prlecea

. Runga for ) Rango for 5
Avere | paivid. | AV | iy, | Aver

U806 yal pleces | ¥ fuul ploces | MR

Interlor Mnlshing woodwork amd softwood
1] o ] P PR 8-
Hurdwood Heotfg, . oo v ciaen cemiranans
Stenthing, fromlng, slding, amd exterior
5417 T =14

MOISTURE CONTENT OF HEARTWOOD AND SAPWOOD

Average moisturc-content values from green specimens consisting
eitirely of sapwood, or ontirely of heartwood, are listed in table 9,
for o number of species.  These values show the variation in moisture
content samong species, the relative equality in moisture content of |
heartwood and sepwood inseveral hardwoods, and the large differences
commonly existing in softwoods.

Tanui 9—lverage moisture conlent for green hearlwood and sapwaod of 18 species

F
Avernye mois- Avoragy mnelss.
fure content Llure contend

kN

Spweins TOUS
Hosrf~ Snp- Henrd- | Bope

wirod waad wood | woarl

HARDWOOLS SOFTWopDs—eantd,
Pereeat | Pereent
38 40

53 3
o8 3 . i

05

50 04
i3
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58
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Ash, whita
Toveli.. . . ...
Rirch, yoilow. .,
Bl Mnerenn. .,
Gum, binek. ...
Manlo:
SHvero..... .. .
Supnr. ... o..-

Ilemiack: Prreent
] 110

SOFTWOUDI

Troupins Ar__ —eere

e 167
Fir. Jowiam! white

245

MRS D0 e de GOt GE

The moisture content of green heartwood and sapwood varies
ereatly among trees, and varies within the tree at different heights.
The sapwood of the softwood species was consistently higher in
moisture content than the heartwood, but some hardwood trees were
found in which the heartwood was slightly higher than the sapwood.
Because of the variation inn moisture content o!l;gree,n wood, the values
presented should not be taken as rigid averages for the species, but
rather as indications of what may be expecterf

The values in table 9 may be used in specific instances to estimate
the average moisture content of logs. For example, if ponderosa pine
logs in s shipment arc observed to have 75 percent of sapwood
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by volume, the average moisture content would be estimated as
{0.75X148) -+ {0.25X40)=121 percent,. Average moisture-content
values computed in this way are likely to be more sccurate in such
instances and a better basis for computing weights than the average
values listed for green material in column 7 of table 1 as these latter
values may represent a quite different proportion of sapwood, The
proportion of sapwood and heartwood in trees varies with the age
of the stand and with growth conditions.

OTHER DATA ON SPECIFIC GRAVITY

In addition to the data on the spacific gravity of the wood subjected
to strength tests as presented in table 1, the FP(;I‘GSB Produets Labora-
tory has obtained for 14 common softwood species information based
on sections of boards collected at sawmills in various parts of the
United States (4/). For a number of species the sampling from
sawmills was more extensive than that used in obtsining specimens
for strength tests, and the data are of interest on that account. In
addition, data on hesrtwood and sapwood were segregated, whereas
this has not been done with the data from the standard series of
strength tests, '

The principal data from the study of samples collected at sawmills
are shown in table 10.

Tasrs 10~—Comparison of specific gravity (oven-dry, based on volume when green}
of mill-run semples with that of specimena used for wmechuuical lests

Bpeclmons for mechanl-
” H
Milisun samplea cal fosts
Bpecific
Spectes , | emsvlty fp oo | Spectte | Specific
8peei- | heard- ble va- | EBVItY | gravity Proas | BPeci- | Bpecific
mens |woodand rlation heart- dap. mens ! gravity
sapwood wood woad
comblned
) 2 (3} ) 5 {8 {7 (8) {®
Num- Num-| Num
r Percent ber ber
Cypross, sotthorn ..o ore ol Krird 0.38 0.0 0,39 0.38 2 470 0. 42
Doggiag fir}
Washlngton and CGregon._..| 2 764 A 81 4 .43 M| Lo
“Inland Biple . ..., 176 A 4.6 10 113 41
Fler Whitdae o vmmarirccccnaonan 11,187 133 7.1 1,33 a3 45 278 35
Hemlock, western W39 6.8 .39 ] 18 488 a3
Larch, westerD.. oo ooocveaea, 45 7.5 b .43 13 214 48
Ping:
Longle L53] T10.3 1,57 543 i £06 85
Northern white 34 5.7 .35 18 20 H
3 .3 ) a8 .08 5 124 4
Pondercsn. .37 87 .38 N aL E 38
Bhortieal. . L 47 a5 151 1,48 122 |11,100 L i ]
ngar. .33 8.7 <1 az [ 161 35
Western whit .38 5§ .8 38 14 211 .38
W 38 9.7 ] 15 i .35
Bpruce, Sitka. L35 6.9 .38 .3 253 1,392 .47

t The mill-run specimens were classified sccording to comruercial specias designations of the lumber and
niot avcording to betowiomi classificatlon, although In magt Instances the two are approximately the same.
The southere plned are the principalsxeeption B3 there ia no known method of dlstinguishing the several
specles botanically from the wood alone, and henoe species are mixed 1o the cormmerclnl daslgngtions. Tho
snm‘g]as usad for mechanteal tests were takes from troes identlfad botantcally in the

t Values for shortleal and loblplly pine combined,
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It was not possible in all cases to identify these samples as to species.
Consequently, the data are classified according to commercial designa-
tion of the lumber and not according to exact species. However,
excopt for those names to which footnote 1 iz appended, the designe-
tions are probably the correct species names.

Table 10 shows for comparison values of specific gravity taken from
column 8 of tabls 1. In peneral, the values in columns 3 and 9 of
table 10 are in reasonable agreement. although with but two exceptions
(western hemlock and Douglas fir from the “Inland Empire”’ region)
those of column 9 are the same or higher. Other studies have dis-
closed considerable variation in Douglas fir in the “Inland Empire”
region and in this instance the operation of chance in sampling might
readily lead to the difference between the values in columns 3 am% 9,
Further reasons for differences include the effect of position of material
in the tree, and the fact that the methods of determining specific
gravity were not quite identicsl.

The specimeéns used for standard strength tests (column 9) were
taken mainly from the top 4 feet of 16-fcot butt logs, whereas the
samples collected at the mill {(column 3) represent mixed material in
which wood from all parts of the tree may be included. Because in
many species the wood near the butt of the tree is heavier than that
from the upper portions of the trunk, the specific-gravity values in
column 9 would in general be expected to be sli ghtl{m' Eher than those
representing mixed material. An example of this kind is afforded by
western larch. The butt portions of western larch trees contain
large quantities of extractives which increase the weight considerably
and as much as 12 feet of the portion immediately above the stump 1s
often discarded because the extra weight makes handling of the logs
difficult. On the other hand, Sitka spruce is an example of a species
whose specific gravity varied but little with height in tree.

In general, the differences between the values listed in columns
3 and 9 are not greater than are to be expected from the causes just
discussed combined with the effscts of chance in sampling.

Table 10 also lists some data on the specific gravity of heartwood
and sapwood, and the probable variation in specific gravity of the
mill samples. It may be noted that the specific gravity of heartwood
is in general slightly higher than that of sapwood. One reason for
this higher value is the greater quantity of extractives (p. 47) in the
heartwood.

FACTORS AFFECTING THE STRENGTH OF WOOD

The numerical data presented in table 1 were, as has been shown,
derived from tests of smell clear specimens taken from a specific
part of the tree and tested under a standardized procedure.

Most uses of wood involve pieces differing in size and shape from
those tested; clear material may not be .availeble or may be more
expensive than a conternplated use justifies; conditions of use may
differ radically from standard test conditions; time limitations may
require kiln drying; need for permenence may point to preservative
treatment ; the user may have irroneous concepts of the rateof growth
ag a criterion of suitability or of the comparative strength of heart-
wood or sapwood; he may hesitate to accept material {rom dead
trees, or from turpentined trees. These and many other questions
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that may arise require consideration in order to properly iuterpret
the nunierical data and adapt it to specific uses of wood. A knowl-
edge of factors affecting strength is thus essential to the interpreta-
tion of test data and is of value in the purchase of lumber, in the
preparation of specifications covering the use of timber in engineering
structures, and in the selection, classification, snd use of wood for
manufactured produets, A brief discussion of various factors affect-
ing the strength of wood is accordingly presented.

RELATION OF PROPERTIES TO STRUCTURE

Wood is a heterogeneous material consisting essentially of fibers of
collulose cemented together by lignin, The fibers, which taper
toward the ends, are aﬁout one-gighth of an inch long in softwoods,
one lwenty-fourth of an inch in hardwoods, with a central diameter
about one hundredth of the length. They are hollow, their longer
dimension running lengthwise of the tree, {n the softwoods the fibers
act as water conductors. In the hardwoods a limited number of
fibers act gimilarly and there are also relatively large pores or vessels
which serve the same function. Besides these vertical fibers which
comprise the principal part of the wood, all woods except palms and
yuccas contain horizontal strips of cells known &s rays or wood rays
which sare oriented radially and are an important part of the tree's
food transfer and storage system. Among different species the rays
differ widely in theirsize and prevalence,

The shape, size, and arrangernent of the fibers, the presence of the
wood rays, and the layer effect of spring and summer wood make
wood a nonisotropic material with large differences in the properties
along and across the grain (19, 48). Certain of the properties across
the grain may be but a small fraction of the like properties along the
grain. In air-dry Sitka spruce, forinstance, the modulus of elasticity
across the grain, may be only one one-hundred-and-fiftieth as great
as when the load is parallel to the grain (10,200 pounds per square
inch for 45° angle (p. 35) as compared to 1,570,000 pounds per squarc
inch in column 16, tuble 1). ‘Thereis an increasing need for informa-
tion which will permit a closer correlation of structure and properties.
Such information is of value in accounting for and remedying and
preventing certain difficulties in the use of wood, and for giving & more
precise basis for timber design through a better knowledge of prop-
erties and stress distribution.
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TABLE 1l.—Averdge resulis of lesls showing trfluence of posilion of growth rings on the inechanical properties of Sitka spruce, Douglas fir,
and loblolly pine

Properties

Sitkn spruce

Donglas fir

(ireen

Air-dried

Green

Kiln-dried

Laoblolly pine,
green

Position | Position
At B

Position | Position
1 B3

Position | Position
Ay | Bt

Position | Position
Al B

Position | Position
| Bt

Static bending: ’
Moisture . . percent?..
Specificgravity 2. .. eevoincannn [
Fiber stress at proportioual limit. ..........pounds per square inch..
Fiber stress at maxi:num load..... «=e--pounds per square inch...
Modulus ofelasticity, .1,000 pounds per square inch,,
Work to proportionaliimit...._._......inch-pounds per cubleinch,.
Work to maxitmuim load inch-pounds pet ctibic inc
_'Work, total fnch-pounds per cubic juch
Impact bending, 50-pound hammer:
Moisture. percent?. .
Specific gravity 3., -
Fiber stress at proportlonal limit...........pounds per square inch..
Modulus ofelasticlty,.................1,000 poinds per square inch..
Work to proportional imit.......... -.--Inch-pounds per cubic inch..
_Helght of drop cuusing complete failure inches..
Compression parallel to grain:
ofsture ~.-percent?. .
Specific gravity 3 S -
Rings per inch.. [,
Fiber stress at maximum load..... pournds per'square inch ..
Hardness 8:
End....... cmsmimmanennennnOURDS.,
Bide.... sqememn . N pounds..
Compression perpendicular to grain: Fiber stress at proportional limit
. pounds per squareinch..
8hear parallel to grain; Shearing strength pounds per squareinch..

Cleavage: Cleavage strength....ooceeeooooaonss unds per square inch._
%

Tension at right angles to grain: Tensile strengt
poiinds per square inch..

12,7

P
ERTTT T EPr

B

e

7.0
4,020

eremmmrane

1 Position A and B refer to plicement of growth rings with respect to directions of application of lvad; as illustrated in fig. 3.

¥ Percent molstute based on weight of oven-dry wood.

3 Specmggmvny based on weight when oven-dry and volume at test.
¢ Adjusted to drop for 2- by 2-inch cross section.

3 Load required to imbed a 0.444:inch ball to 34 its diameter.
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FORITION OF GROWTH RINGS

In the sawing of lumber and timber the posiiion of the growth
rings may be made 1o assume different directions with respect to the
surfaces of the piecs, Any effect of position of growth rings on the
properties thus assumes practical significance.

able 11 presents, for three species, data on clear specimens 2 by 2
mches in cross-section tested to determine the effect of two positions
of growth rings on the strength properties (fig. 3). It may be noted

{ M L
1 7 B

PAXITION A
LORD APPLIED TO TANSENTIAL JURFACE

; : 1 m m])

il

POSITION 8 POSITION A POFITION B
LOAD APBLIED TO RADIAL SURFRCE SURFALE OF FAILURE SURFACE OF FAILVRE
STATIC AND IMPALT BENDING TESTS TANGENTIAL RADIAL

SHEAR PARALLEL TO ERAIN

R U

ISR =

POSITION A POSITION & FOSITION 8 SOSITION 8
HRRONESS HARDNESS SURFALE OF FAILURE SURFALE OF FAILURE
TANGENTIAL SURFACE RADIAL SURFACE TANGENTIAL RADIAL
HARDNESS TEST CLEAVAGCE TEST

=
g

i $ F—F]
‘_E_J ‘_EI[D]_I S=F
] -
1] -
POSITION & RPOSiTioNn 8

P 2. POSITION

ngsfﬁr?iir{ggzggcf. p‘po’:,_r;[’g;‘cf JURFACE OF FAILURE JSURFACE OF FAILURE
COMPRESSION PERPENDICULAR TANGENTIAL RADIAL

70 GRAIN TEST TENSION EERPENDICULAR

70 GRAIN TEST

FluuRe 3.—~8ketch of standard mechanical tests which afford choloa fn piscement of growth rings with
respect 10 direction of applicazion of foad.

that the bending tests, which were on specimens 30 inches long, show
little difference in the properties listed, whether the rings as viewed
on the end of a piece are vertical or horizontal. Some of the other
properties listed, however, show significant differences between the
two placements of rings resulting not only from the difference in
structure due to the rings themselves, but nﬂo the difference orienta-
tion of the other minute structural elements of the wood with respect,
i the direction of strass.
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The values from the tests in compression parsllel to grain, which
were unaffected by the placement of growth rings because the speci-
mens were square, together with the data on specific gravity and
rings per inch, show that the wood representing position A was prac-
tically identical in quality with that representing position B.

There are many further effects of stratified structure on properties,
as evidenced by the growth-ring position, not brought out by results
of standard tests. gn outstanding example is in compression per-
pendicular to grain. The results of some preliminary determinations
of modulus of elasticity in compression perpendicular to grain are
presented in tuble 12,

Tavre 12.—AModulus of elaslicity in compreasion perpendicular to grain aa
influenced by direction of growth rings

[Spocintens 11 by 134 by o fnches loaded on the 134 by $34-Inch face}

Modulus of eiasticl!{ when the growth rings with
Tespect o the apptied lond sre sl en aogle of—~
Specin Speclfic IMuolsturs
pecie: Fravity § content
o xnge 45° urging we
Lb. Lb. La, Lb, Lb. per
Tereent & gf . f:.r . !,:r . gl‘r T,
Redwood oo vviaicaes oL oM 1% 78, 100 2, 600 1%, 100 7, 900 06, 600
Douglas fir, Cue oo o A5 a7 58, 200 21,400 12,200 20, 500 BE, 460
Spruce, Bitkn._. P .42 13 62, 400 14, 190 10, 200 2, 400 114, 340
alnlock, westiel A -] 45, 410 11, 800 8,300 14, 100 71, 500
Birch, yellow ... U .08 1] A%, 90 39, 900 34, (00 55, 000 B1, 200
3 L 87 13 106, 400 82, 303 8G, 800 | 113,200 158, D00
Dok, red e e e . 50 19 L) 1] &7, Rpe £, T00 T A0 114, 300

It may be noted that there is a large difference in the modulus of
elasticity in compression perpendicular to grain with position of
rings, amounting to as much as 11 to 1 in Sit%m spruce between ma-
teria! with the rings at 90° to the direction of the load and that with
rings ab 45°. Proportional Jimit end maximum crushing strength
perpendicular to grain are also affected by ring position, although the
mdications are that the differences are considerably less than for
modulus of elasticity.

In the Forest, Products Laboratory toughness test, in which speci-
mens one-half to three-fourths inch square and 10 o 12 inches long
are used, some marked differences have been found, depending on
whether the load is applied to the radial or tangential fuce. In
some spacies avarage differences of as much as 50 percent of the
lesser values were noted (table 5), the higher values resulting when
the load was applied to the tangential face. Thess results as com-
pured with those of table 11, indicate that size of specimen may be
an important factor in the influence of position of rings.

SPRING WOOD ANL BUMMER WOOD PLACEMENT EPFECT

Significant differences with ring placemnent may become evident in
properties not appreciably affected in 2- by 2-inci pieces when speci-
mens of smaller size sre tested. This was demonstrated by static-
bending tests on 1- by 1- by 16-inch specimens of southern yellow
piné and Douglas fir contawming large amounts of summer wood,
modulus of elasticity being determined (without stressing the speci-
men beyond the proportional limit) by placing the specimen with the
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rings horizontal and then vertical. The modulus of elasticity of
specimens with summer wood layers on the two faces avernged 12

ercent higher for southern yollow pine, und 16 percent higher for

ouglas fir with the rings hormzontal (load applied to tangential
face) than with the rings vertical (load applied €0 radial face). On
the other hand, with specimens having spring wood layers on two
faces, the modulus of elasticity when the rings were horizontal (load
applied to the tangential face) averaged 9 percent lower than when
the rings were vertical (lond applied to radial face) for southern
vellow Fine and 13 percent lower for Douglas fir. These differences,
it should be ebserved, represent a spring wood and summer wood
placement cffect rather than a pure growth-ring placement effect.
Theoretical calculations based on the assumption of widely different
properties in spring wood and summer wood check these observed
vulues closely.

SFECIES OF WOOD

Some species of wood diifer greatly from others in their average
specific gravity, strength, and other properties. Certain species,
such as hickory und ash, excel in toughness and shock-resisting abil-
ity. Others, such as southern yellow pine and Douglas fir, are high
in bending strength and stiffness for their weight. Still other species
are soft, unifiorm in texture, and easy to work, Such differences per-
mit & choice of species tp meet the requirements of diverse and exacting
uses. Comparative data on important properties are presented for
164 species of wood in table 1.

The average differences in strength properties Letween species
ordinarily competing for the same use are often quite small. ever-
theless, there may be decided differences in structure and in behavior
with respect to moisture relations, drying, and manufacturing char-
acteristics which make it necessary to vary the handling procesure or
manufacturing practice to best suit the wood under consideration.
In this way as satisfactory service may be obtained {rom species not
generally regarded so suitable for a use as from species that give a
good account of themselves regardless of care or of lack of care in
their handling.

SPECIFIC GRAVITY (OR DENSITY) AS RELATED TO STRENGTH

The substance of which wood is composed is actually heavier than
water, its specific gravity being about 1.5 regardless of the species of
wood. In spite of the fact that the actual wood substance is heavier
than water, the dry weod of most species floats in water, and it is
thus evident that a considerable portion of the volume of a piece of
wood is occupied by cell cavities and pores. The specific gravity of
o piece of dry wood is thus an excellent index of the amount of wood
substance it contains and hence is an index of the strength properties.

The relations between specific gravity and other properties of
wood may be considered on the besis of (1) different species and (2)
different pieces of the same species.

SPECIFIC GRAVITY-STRENGTH RELATIONSHIF AMONG SPECIES

The generul relation of specific gravity to strength is illustrated by
two wiﬁely different woods, mastic, & very heavy species growing in
Floridu, and balsa, a very light species from Central America. Com-
pression-parallel-to-grain tests on green material gave the results in
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table 13, and show that mastic with average specific gravity 9 times
as great as that of balsa was 9 times ns high in crushing strength along
the grain.  Weight for weight, the crushing strength parnllcT to grain
of these diverse specics are substantially equal.

Tavng 13.—Comparivon of the specific gravity and the muzimum erushing strength
of mastic wnd bulsa

» Bpechtte gruv-
by, bassd on | Maexbmunn Bpwelfle
1 welpht and erushing stremgilh
voltitew of [ slremgeth pare | fonlums N
wopd when  Tallel to prabn | eolumin @)
aven dry

Bpeelea

{2} {8 1o}

Lb, prroag, fne
Mastle .., . - L 5, 850 Ali]
Bulaw . . . . LH LT 5, 850

The nvernge specific gravity-strength relations based on 163 species
of hardwoods and softwoods show that some properties, such as maxi-
mum crushing strength parallel to grain, incresse approximately in
proportion to the increase in specifie gravity, whereas others incresase
more rapidly. Modulus of rupture, for Instunce, varies from one
specics to another ns the 1} power of specific gravity. Other proper-
ties are reluted to specific gravity by equations of still higher powers;
for example, the exponent of specific gravity for relation to hardness
is 2}, It 18 evident, therefore, that small differences in specific

ravity may result in large differences in certain strength propertics.
for example, one species twice as high in specific gravity as another
has 4¥ times the hardness.

Approximate average relations of specific gravity to strength proper-
tics amony differeut species are given in table 14 (88).

Tanne 14—8pecific gravity-sirenglh relations ameong different species |

Moisture conditlon

Troporty Alr=lry {12-
parcent
mglsture
content}

Bintie Lending: .
Fiber stress nt prepertional imit Poumis por squnre lnch 102004 1.2 107000 .00
Muopduiys ofrupuroe.. ... ... .. . Y. (S T76006 1.1 US700G 1.1
Work {e maxbioum foad.... .- ... . : 350G 10 32.4g 1u
i R SR - O g TLIG
Moduliss ofelastleity,, . .. .. 1,000 pounds per sguure fuch_, 200G WO0G

Impmict bending: ]

Fiher strass ntpm{mrtiu:m!limit - ... | Ponpds per square inel, ... 2000 L1 ajong t.e
Modulus of alastleity. . ... ... | 1,000 poutads par souure nch. . nH0F 33504
Helght wfdtofdeaan.ce o .. - .. | Inches G LA #4,0Q 1.0

Compresslon paratiel to grin:

Fiber streess nt proportiona Hmlt L. | Pournds per soquare inch._ L. A2 BTS00
Muxlmum crushing strength. . P T 1 12006
Modulus ofelnatichiy, o 0 . 0 0 ] EO0 patiteds per sganto fneh, Jas00

Compressivn perpondlienier Lo proin: Fitwr | Potmts per square Incho . . L. H . 404003 1.1

stress at propurtional Hmlt,

Hurdness:
ot VPG B 1111 T, SR Kreie g AE004G 193
Tinadind . e eemre e .o, - A0 2.3 3y L

i

Tangeatial S . ¥ do S 300G .1 BH20G 1.3

1 The values Histed in this table nre to be read as oquations, for exnmple: Moduis of ruplure for green
punterind = LFEOOG 8 wheny 7 repressnta the specifls grovity, oven-iry, bused oo voluww ot mofsturs
comdlibon indiested,
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Somo spocies of wood contain relatively large amounts of resins,
guns, and other extractives, which add to the weight but do not
contribute so much to the strength as would a like amount of wood
substance (23). In addition, species vary in the structural arrange-
ment of their fibers. For these reasons, two species which average
the same in specific gravity may exhibit different strength character-
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Fiaurz 4 —Relution of modnlus of rupture to specific gravity for green and air-dry materlal of various
specied.

istics, 'This fact is illustrated by the scattering of the points in figure
4, The values for Douglas fir {cosst type) and red gum in table 1
illustrate an extreme example of variations froin the average density-
strength relations among species. Although these woods are about
equal in weight per unit volume when dry, Douglas fir averages 39
percent higher in compressive strength but considerably lower than
red gum in shock resistance.
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It is truo, likewise, that some species of wood are equal in some
respects to others of higher density. Douglas fir (coast tyra),
although its density is but three-fourths that of commercial white
oak, i1s about equal to the oak in bending and compressive strengths,
and excels it in stiffness. However, the oak averages much higher
than Douglas fir in hardness and shock resistance. Henee the spe-
cific gravity relationships among species represent goneral trends and
no$ uniform laws. Departure of a species from the general relution-
ship often indicates some exceptional characteristic which makes this
species particularly desirable for certain use requirements.
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SPECIFIC GRAVITY-STRENGTH nsu-l;?gg]l&r AMONG INDIVIDUAL PIECES OF A

While a general relationship thus exists between the specific gravi-
ties and strength properties among different species, specific gravity
affords a still better index of strength within a species. The heaviest
pieces of any species of wood are generally 2 to 3 times as high in
spocific gravity as the lighter ones of the species, and are corre-
spendingly stronger. The relationship of pieces within a species is
usunlly represented by & power of specific gravity slightly higher than
that representing average values for different species. Furthermore,
departures from the average relationship are less marked. Figure 5
illustrates the relation between the spectfic gravity and the modulus
of rupture for individual pieces of white ash.
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THE TREE IN RELATION TO SETRENGTH
HEIGHT IN TREE

The wood fromn the butt of the trees of many species is higher in
specific gravity than that from higher positions. Since wood of
higher specific gravity usually has the beiter mechanical properties
regardless of position in tree, the height in tree ordinarily needs to be
tuken into account ouly in connection with other factors (fig. 6).
Sometimes, however, notably in hickory and ash, material from the
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butt shows superior toughness or shock resistance for its weight.
On the other hand, wood from the swelled buits of certain swamp-
grown hardwoods is usually low in specific gravity and of inferior
strength properties, whereas that above the swelied butt is more
nearly normal.

POSITION IN CROSS SECTION OF TREE

Position in cross section is not in itself a reliable guide to the

sirength of the wood. As in other instances, the wood of highest
specific gravity has the best strength properties.




STRENGTH AND RELATED PROPENTIES OF WOQODS 41

In coniferous species wood near the pith of the tree is often of very
rapid growth and low specific gravity, whereas that in the outer part
of overmuturs trees is of slow growth and likowise of medium to low
specific gravity, the wood of highest strength most frequently being
that in the intermediate zone. The many factors influencing growth,
however, result in wide diversity of wood formation and preclude the
drawing of rigid general rules (fig. 7).
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In the hardwoods, wood of high density may be produced at any
stage in the life of the tree, depending on the growth conditions at the
]}aniculur time the wood is formed {39). In some hickory trees, for
instance, wood of high density is found near the pith, and in others
farther out in the cross section.

HEARTWOOD AND SAPWOOD

The trunk and principal branches of a tree consist of a central
portion called heartwood surrounded by a layer of sapwood.

All wood is formed as supwood and as the growth of the tree pro-
ceeds the inner portion becomes heartwood. In most species the
transformation is accompenied by an infiltration of various sub-
stances that cause a change in color and in some species by the plug-
ging UY of the pores with a frothlike growth, known as “ tyloses” (J8). -

In the many tests which have been made on the various species of
wood, no cffect upon the mechanical properties of most species due to
change from sapwood to heartwood has been found. In general the
conditions of growth that prevail when wood is first formed determine
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its strength properties and whether heartwood or sapwood is the
stronger depends on those conditions. Consequently, in one tree the
heartwood may excel and in another of the same species the sapwoed.
Thus the heartwood of the southern pines and of Douglas fir is not,
as has often been supposed to be the case, intrinsicsally stronger than
the sapwood. The sapwood of hickory or ash may be either superior
or inferior to the heartwood for handles (8). In some instances, how-
ever, 8s shown in the discussion of extractives, heartwood snd sapwood
do differ essentially in strength properties,

The heartwood of many species 13 of much darker color than the
sapwood. In numerous species, on the other hand, the color differ-
ence is nonexistent or very slight. The sapwood of all species is
lacking in resistance to decay and rapidly loses its strength if exposed
to conditions favoring the growth of decay-producing organisms.
The heartwood of some species is very resistant to deeay, while that
of other species is readily attacked.

Sapwood i3 more permeable to liquids than heartwood, and hence
is desirable in wood that i3 to be impregnated or treated to increase
its resistance to decay, fire, or insect attack,

VARIATION AMONG TREES

In addition to the variation of wood from one part to another of
the same tree, there are considerable differences among trees of a
species including those that grow side by side. The magnitude of
these variations is illustrated by data on redwood. Of 57 virgin-

wth trees examined in Jots of 4 to 6 from each of 12 different
E-r(:)aiities throughout the range, the greatest observed difference in
average specific gravity between individual trees from & single locality
was 25 percent, based on the heaviest tree, whereas considering the
entire range the grestest difference between individual trees was only
30 percent. The two trees representing the extremes found in the
entire range were from the same county, These dats indicate that
the growth conditions affecting individual trees within a single site,
and perhaps inherent differences in strains or types of trees, are of
much greater importance in causing variations in specific gravity than
geographical location within the normsl range of growth of the species.

Prolable vuriation of randem Iree from average for apecies
Property; Prereent
Specific gravity based o volume when green__ . ______..__ 4
Static bending:

Fiber stress at propertional Bmit . ___________ g
Modulug of rupbure__ _ . e e 7
Modulus of elastieity . .. 9
Work to maximum Jead . .. ___ 15
Impact bending:
Fiber stress st proportional limit, . . _._________ 8
Work to lproportional Yt . cmmmm—man 12
Helght of drop_ o c e cccmmc—eamas 13
Compression parallel to grain:
iber stress at proportional limit___ . . . __________________ 12
Crushing strength__ . oo e 7

Compression perpendicular to grain: Fiber stress at proportional

53 ) LR R 14
Hardness:
End. c oo et ————— 13
B L e e e g
Shearing strength paradlel to grain_____ . . _____._________ 7

Tension perpendieuiar 16 grait, o .o d e 12
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The preceding tabulation presents an estimate of the probable vari-
ation of a random tree from the average for a species, for a number of
physicel and mechanical properties. The values are general figures
derived from a number of species.

LOCALITY OF GROWTH

In considering the causes of varistions in properties of wood, it ma;
first be noted that many factors affect the growth of trees. Suc
features of environment as soil, soil moisture, climatic conditions,
and competition for light and food, vary widely within small areas,
and are subject to further variation from one period to another during
the life of the tree. Their effect is seemingly of greater importance
than geographical location within the normal range of a species.
This is indicated by the finding of significant differences in strength
properties between samples from adjacent areas, among trees grown
witLin n few yards of each other and between the iuner and outer
portions of the same tree and the observation that samples from widely
separated regions may be very similar (29). This is illustrated by
tho discussion of redwood on é)age 42,

A further example is noted in Sitka spruce. Samples from two
localities in Oregon show an average difference of 12 percent in specific
gravity and 20 percent or more in modulus of rupture. In contrast,
samples from near Ketchikan, Alasks, tested in & green condition,
average the same in specific gravity as samples from near Portland,
Oreg., and the difference in modulus of rupture was only a few per-
cent. Those and similar observations lead to the general conclusion
that, in the absence of specific data concerning a given lot of materisl,
average data for the species is a more reliable estimate of the strength
properties of that lot than data on samples from adjacent localities
or from sites that appear to be the same., However, there may be
differences apparent in the grade and quality of woeod from different
stands, especially old-growth and second-growth stands in which
prevalence of defects, seasoning characteristics, and the like, are
sufficient in importance to justily marketing preferences.

The whole problem of the effect of region, site, and conditions of
stand on wood properties is an exceedingly complicated one, and
sufficient data are not available nor has sufficient study been made to
attempt & final appraisal.

A few instances of significant differences in the properties of a

‘species grown in different regions have been noted. For example,
Douglas fir grows to larger size in the moist region of the Pacific
Northwest than in the drier Rocky Mountain States, and the wood
from the former region averages somewhat higher in specific gravity
and strength properties than the latter. On the other hand, weight
for weight, the wood from the two regions has the same strength, and
pieces of Douglas fir from the Rocky Mountain rel%ion may be selected
which are higher in properties than unselected Douglas fir from the
Pacific Northwest.

Another significant effect of growth conditions on properties is that
resulting {rom inundation. Some of the hardwoods, notably ash
and tupelo gum (44) grown in the overflow bottom lands of the lower
Mississi pi%)asin develop swelled butts, the wood in which although
of rapid growth and relatively good appearance, is low in specific
gravity and poor in mechanical properties compared to average mate-
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rial of the species. The charactoristics of the wood from these
swelled butts are so unlike these of the normal wood of the species
that it cannot be sutisfactorily employed for the same uses. Wood
sbove this butt swell usually is norimal in properties. Hence one
utilization problem is the proper classification of suckh stock according
to its properties and potential uses,

RATE OF GROWTH

Rato of growth as indicated by the width of the annual rings is of
some assisfanco In appraising the physical and mechanical propertics
of wood, but it cannot be tegarded as an eflicient criterion for selec-
tion. Density or specific gravity, ns explained on page 36, is & much
more reliable criterion of strength. In any species, wood of excellent
mechanical properties may vary considerably in rate of growth, but
such material will quite consistently be of good density.

Among the ring-porous hardwoods, such as hickory, ash, and the
oaks, the production of wood with low specific gravity is caused b
soms unfavorable condition which interfores with the normal growth
of the tree. As a rule, wood of fairly rapid growth put on at any
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peried of the life of the tree, is likely to be excellent in weight and,
sirength. Wood of slow but uniform growth near the center of a
tree may also be of high density, but wood of slow growth near the
outside of the same tree is sure to be poorer if an interval of {aster
growth has intervened, or if the outer growth is slower than that
about the center (89). Hence, in the ring-porous hardwoods fast
growth (few rings per inch) is generally indicative of good strength
properties, nlthougﬁ slow growth does not necessarily indicate weak
material. An exception is found in the rapid growth material from
swelled butfs of swamp-grown trees {p. 40).

Of the diffuse-porous hardwoods studied, sugar maple trees pro-
duced dense wood during early age whether their growth was rapid or
slow. In some of the yellow poplar trees exammed, wood of more
rapid growth near the center was lichter in weight than that from the
rest of the cross section, while other trees growing on rich alluvial soil
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did not exhibit this difference. Accelerated growth following a period
of slow growth resulted in an increase in the specific gravity of the
wood, and hence in strength.

Soltwood species show a wide range in density and strength at
each rate of growth, but usually the strongest material is associated
with s normal growth rate. Exceedingly rapid or exceptionally slow
growth is most likely to be attended by low density and low mechanical
properties. The lighter weight, slow-growth material shrinks and
swells less with moisture changes than the heavier material, and
usually stays in place better because of its greater freedom from jnter-
nal stresses, so that it is to be preferred for many uses not primarily
involving strength.

Figure 8 illustrates the relations between rate of growth (rings per
inch) and specific gravity for redwood (24), and figure 9, the relation
between rate of growth and modulus of rupture and work to maximum
loud for hickory.

TIMBEE FROM LIVE AND FROM DEAD TREES

Sound wood from trees killed by insects, fungi, wind, or fire is,
unless unduly checked, as good for any structural purpose us that
from trees thut wore alive when cut (20).

If o tree stands on the stump after its death the sapwood is likely
to become decayed or to be severely attacked by wood-boring insects,
and in time the hoartwood will be similarly affected. Such deteriora-
tion occurs also in logs that have not been properly cared for subse-
quent to being cut from live trees. Because of variations in climatic
and local weather conditions and in other factors that affect the rate
of deterioration, the length of the period during which timber may
stand dead on the stump or may lie in the forest without serious deter-
joration varies. Tests on wood from trees of one species that had
stood as long as 15 years after fire-killing demonstrated that this
wood was sound and as strong as wood from live trees, Also logs of
some of the more durable species bave had thoroughly sound heart-
wood after lying on the ground in the forest for several decades.
On the other hand, decay may cause great loss of strength within a
very brief time, both in trees standing dead on the stump and io logs
that have been cut from live trees and allowed to lie on the ground.
Consequently, the important consideration is not whether the trees
from which timber products are cut are alive or dead, but whether
the products themselves are free from decay or other defects that
would render them unsuitable for use. In considering the utility of
timber from a dead tree it is helpful to remember that the heartwood
of a living tree is entirely dead, and in the sapwood only a fraction of
the cells are alive.

Deecay that js not sufficienitly advanced to be readily detected may
still affect seriously the strength of a piece of wood. %‘or this reason
and also because decay is present in timber from dead trees more fre-
:lueutly than in that cut fromn freshly felled live trees, timber from

ead trees needs more eareful inspection. Specifications for some
timber products, notably poles and piling, often require that only live
trees be used. This requirement is difficult to enforce unless inspec-
tion is made in the forest, becsuse wood cut from dead trees before
weathering, sessoning, discoloration, decay, insect attack, or similar
change has occurred cannot ordinarily be distinguished from wood
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taken from live trees, Many specifications omit the live-tree require-
ment, depending entirely on inspection to determine the suitability
of timber for use.

E¥FECT OF REEIN AND OF TURPENTINING

Resin is formed in some of the conifers, especially the southern
pines,  Amounts up fo 6 percent of the weight of the dry wood are
common, and pieces with a resin content up to 50 percent are some-
times found,

Tests at the Forest Products Laboratory on southern yellow pine
indicate that resin will slightly increase some strength properties but
the cffect is too small to be of any practical sigmficance (10). An
excessive pmount of resin is sometimes associateﬂ'it.h an injury such
as a compression failure that may have greatly reduced the strength.

Longleaf and slash pine trees are frequently ‘tapped’ for tur-
pentine. ‘The results of a special investigation, involving mechanical
tests, and physical and chemical analyses of the wood of turpontined
and unturpentined trees from the same localit:iv (10), show that (1)
turpentined tinber is as strong as unturpentined if of the same weight
(table 15); (2) the weight and shrinkage of the wood is not affected
by turpentining; and (3} except in parts adjacent to the “faces” where
there may be a concentration of resin, turpentined trees contain prac-
tically neither more nor less resin than unturpentined trees, the exu-
dation of resin occurring only from the sapwood, and therefore the
resin content of the heartwood is not affected by the turpentining
process,

TasLe 15—Effect of turpentining on fhe strength of longleaf pine

Meximum
Relntive
hing
specifie | Modylus off SV
Iem Tests gravity of | rupture smnisatihm
test ploces (l"a'mﬂ)
I ] Ib .
Number| ?:r f:f.r
U'nbaxed (nol tyrpentined) 1rees. ..o cmpe e e 4n) 1,00 12 354 7, 1680
Leexeel [Lerpaotived) nmd recently sbandoneb. ... . .. N0 .07 12, 961 T. 613
Baxed (turpentined} nud abamlooed 5 yeurs ... oev o 55 1.03 12, 58 1,675

EXTRACTIVES AS RELATED TO STRENGTH

Extractives are constituents that dissolve when a piece of wood is
laced in a solvent that has little or no effect on the wood substance.
;l"hey are referred to as cold-water, hot-.water, or alcohol-soluble ex-
tractives, depending on the solvent used. Extractives are found in the
heartwood of many species and are especially abundant in redwood,
western red cedar, and black locust. IZE“E‘:as.e species are also relatively
high in certain strength properties for the amount of wood substance
they contain, particularly when unseasoned, and tests have shown that
the presence of extractives is probably accountable. The extent to
which extractives affect the strength is apparently dependent upon the
amount and nature of the extractives, the species of wood, the mois-
ture condition of the piece, and the mechanical property under con-
sideration. Of the properties examined, maximum crushing strength
in eompression parallel to the grain showed the greatest increase as
the result of the infiltration of extractives accompanying the change of
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sapwood into heartwood, and shock resistance the least, with modulus
of rupture intermediate. In fact, under some conditions shock resist-
ance appears to be actually lowered by extractives. That extractives
may affect different species different{y is indicsted by the fact that
they appear to affect the strength of western red cedar less than the
strength of black locust, although black locust has a smuller percentage
of extractives (23). Difference in the character of the extractives is
probably also a factor in this connection.

TIME OR SEASON OF CUTTING

The time or season of cutting is sometimes thought to affect the
propertics and durabilily of wood, but so far as is known it actually
has very little direct effect on the characteristics of the wood itself,
The method of handling after cutting, however, may be very import-
ant. During the summey, forinstance, seasoning proceeds more rapidly
and is more apt to produce checking than in the winter. Insects,
stains, and decay-producing fungi are more vigorous in the summer
and the freshly-cut wood 1s most subject to attack at this time.
‘Winter cutting, therefore, has the advantage that inore favorable
seasoning conditions and greater freedom from steins, molds, decay,
and insects simplify the problem of caring for the timber before con-
version. There is but little difference in the moisture content of green
wood in winter and in summer,

MOISTURE AS RELATED TO STRENGTH

‘Wood in the green state contains considerable moisture varying from
about 30 to 40 percent (based on the weight of the dry wood) 1n the
heartwood of some of the pines to over 200 percent in some other
species. Part of this moisture is heid absorbed by the cell walls and
part is held within the cell cavities as water is held in a container
(15, 47, 60). As wood dries, the eell walls do not give off moisture
until the adjacent cavities are empty. The condition in which the
cell walls are fully saturated and the cell cavities empty is known as
the “‘fiber-saturation point.” It varies from 23 to 35 percent moisture
content.

Increase in strength begins when the cell walls begin to lose moisture;
that is, after the wood is dried to belew the fiber-saturation peint.
From this point on most strength properties increase rapidly as drying
progresses. This increased strength of dry over green wood of the same
dimnensions is due to two eauses: (1) Actual strengthening and stiffen-
ing of the cefl walls as they dry out, and (2) increase in thie compactness
or the amount of wood substance in a given volume because of the
shrinkage that accompanies drying below the fiber-saturation point.

Drying wood down to 5-percent Imoisture may add from ahout
2¥ to 20 percent to its density, while in small pieces its end-crushing
strength, and bending strength, may easily be doubled and in some
woods tripled. Thus, the first of the two factors mentioned is the one
chielly responsible for the increase in strength.

Tho increase in strength with seasoning js much greater in small
clear specimens of wood than in large timbers containing defects.
In the latter the increase in strength is to a large extent offset by the
influence of defects that develop in seasoning.
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The varioys strength properties are not equally affected by changes
in moisture content. Whereas some properties, such as crushing
strength and bending strength increase greatly with decrease in
moisture, others, such as stiffness, change only moderately, and still
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others, such as shock resistance, may even show a slight decrease,
This last effect is due to the fact that drier wood does not bend so far
as green wood before failure, although it will sustain & greater load,
and because shock resistance or toughness is dependent upon both
strength and pliability.

P05 —35—d




5)  TECHNICAL BULLETIN 479, U. 8. DEPT. OF AGRICULTURE

The foliowing tabulation shows the average variation of the strength
properties of wood with change in moisture content, and figure 10
shows graphiically the effect of moisture on certain strength properties
of Sitka spruce.

Averuge increase (or decreuse) {n value effected by lowering (or raising) the moisture
content ! percent

Property:

Btatic bending: Percent
Fiber stress nt proporitonat Mmit L. ______._ 5
Modulus of rupture, or cross-breaking strength_ _ . ______._._ 4
Modulus of elasticity ov stitfness_ .. . .. . ... 2
Work to proportional limit__ . ___ ... ___ 8
Work to muximum joad or shock-resisting ability_ _ __________. %

Impnet bending:

Fiber atress at proportiesal Emit___ L ___.______ 3
Work to proportional Manit . oo oo _ 4

Heiglt of drop of hammer causing complete failure
Compression parullel to grain:

Fiber stress at proportional Hmit.. .. L. 3

Muximurm erushing strength___ ... G
Comizressiou perpendicolar to grain:

Fiber stress at praportional limit 5K
Tisrdness, end grain 4
Hardness, side grain 25
Shenring strength parallel to grain_. 3

METHODS OF MOISTURE.STRENGTH ADJUSTMENT

It i5 often desirables to adjust strength values for wood at one mois-
ture content to what they would be under some other cordition. This
cat be done quite accurately when the data apply to small clear speci-
mens which are quite uniformly dried so that the moisture content is
approximately the same at all points of the cross section.

Three general methods, differing materially in their accuracy, and
in simplicity and facility of application, may be used for moisture-
strength adjustiments, hese are referred to as the (1) approximate
method, (2} the equation metbod, and (3} the graphical method.

AFPROXIMATE METHOD

The approximate method of moisture-strength adjustment consists
simply in an application of the percentage fizurcs of the tabulation
abeve for the property under consideration, regardless of species.
For example, if the maximum crushing strength of Sitka spruce at
12-percent moisture content is 5,610 pounds per square inch, what is
the approximate value at 10-perceat moisture? ¥rom the tabulation
it may be noted that the average change in maximum crushing
strength for 1-percent change in moisture is 6 perceni. ¥or 2-percent
change in moisture content (12-perecent moisture to 10-percent mois-
ture) the average expected change in maximmum crushing strength
would consequently be 12 percent.  Since this property increases with
decrense in moisture content, the approximate increase in strength is
12 percent of 5,610=673, and the approximate maximum crushing
strength at 10-percent moisture is 5,610-+673=6,283 pounds per
square inch.

This is the least accurate of the several methods described, and is
useful only for making rough approximations. For comparison it
may be noted that application of the equation method to the fore-
going example gives a value of 6,194 pounds per square inch,
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EQUATION METHOD

Studies at the Forest Products Laboratory (60) have led to the
derivation of a formula for strength adjustment, the numerical solu-
lion of which affords more sccurnte estimutes than any other method.
This formula, known sas the exponential formula is based on the fact
that for any one species and strength property, moisture-content
values within certain limits and the logarithms of corresponding
strength values have been found to conform closely to a straight-line
relationship.

The formula may bo written

Log Sy=log So+ ((—D) ¥ Frd)

whore A, B, €, and D, ure values of moisture contenl and S84, Sa, 8¢,
and Sp ure corresponding strength values; S¢ is the strength value
from tests made at moisture content G and S is this strength value
adjusted to moisture content D. The expression

log (S,—=84)
TTA-B
which is equivalent to
log Sy—log 5,
A—-B

measures the change in strength property caused by a change of 1
percent. in the moisture content. Required for evaluation of this
expression are strength vulues S, and S, found from tests made at
two different moisture contents A and B on matched specimens;
that is, specimens that ean be assumed to be alike except for the
single factor of moisture content, such as specimens from closely
adjacent positions within the same annual growth layers.

{thn in any instance a strength value 1s that for green material,
the corresponding moisturo content to be used for the species under
consideration is listed in the following tabulation:

Moisture content
Ypecies®: Prreent
Asl, white
Birch, yvellow
Chestnut, _..
Douglas fiv______.
Hemlock, western_
Larch, western
Pine:

Lougleal .
Norway

Spruce:
Red

Tamarack . o it dmmmmm A ——————— e

* The exact value has been detormiom! only for Lhe species listed hers.  For other species the value of 24
pereent may be assumed to apply.
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Threo types of moisture-strength ndjustment differing with respect:
to tho sourco of the datu for evaluating the expression

log (Sp=S4)

A—B

wre defined und Wustrated in the following paragraphs:

Tyre 1. From tests on matched groups of material at twao different
moisture-content values, a strength value corresponding to a third
value of moisture content is computed, the data for cvaluating the
expression

log (8u=+-54)
A—B

being supplied by the tests on the material under considerntion,

Example: The average maximum erushing strength of Sitka spruce
as listed in table 1 is 2,670 pounds per square inch for green material
and 5,010 pounds per square inch for material at 12 percent moisture,
Compute the maximum crushing strength corresponding to a moisture
vontent of 14 pereent,

8.=2,670 from table 1, and A for green material is 27.

8,=45,610, B=212, € may be taken either as 27 or 12 with corre-
spending choice of Se; that 1s, either the value for green material or
that for material nt 12-percent moisture may be adjusted to 14-percent
moisture content.

D=14.
Taking (=12, and §;=35,610.

Log S=log 5,610+ (12—14) hrg (5:?(;.12;2’6?0)
P
=3.7490—0.0430=3.70060

Then Sy=antilog 3.7060=>5,082.
or

Tuking =27 and 8,=2470

Log S.v=log 2,670 (27—14) € (5:,0713‘;2‘“’0)

=3.4255+13><%2523

=3.4265-40.2794=3.7059

Then 8,,=untilog 3.7059=5,082 as belore, und the maximum crushin
strength of Sitka spruce at 14-percent moisture content, as obtaine
by usjusﬁng to this moisture content the average values given in
table 1, is 5,082 pounds per square inch.
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Typr 2. A strength value obtained ab one meisture conteni is
adjusted to u second value of moisture content, the data for evalunling
i ' g

the expression
log (Sp5,)
A—B

us found in other tests on the same species being assumed to apply.

Example: A specimen of longleaf pine at 9.8-percent moisture con-
tent was found from test to have a modulus of rupture of 13,500
pounds per square inch, Estimate the value of 1110({1111.15 of rupture
that would have resulted had the test been made at o moisture content
of 12 percent.

Vulues of modulus of rupture on matched specimens of longleafl
pine are given in table 1 as 8,700, which is equal to 8., and 14,700,
which is equal ta Sg, pounds per square inch for the green and 12-per-
cent moisture conditions, respectively. £, from the tabulation (p. 51)
=21, #=12, 0=938, and J=12.

Then substituting in the formula

Log Su=log 13,500+ (9.5—12) Y& (1?),';'0_033,700)

0.2278
9

=4 1303 —2.2

=4,1365—0.0557=4.07406

Sip=antilog 4.0746=11,874
and the modulus of rupture at 12-percent moisture as estimated from
tho value determined at 9.8-percent moisture is 11,874 pounds per
stjuare inch,

Tyre 3. As in type 2. except that the data for evaluating the

expression
fog (85+8,4)
A—8B

for the same species not being known an average value as compited
from tests of other species is assumed to apply.

Example: The modulus of rupture of a sample of a hardwood
species tested at 9-percent moisture content was 11,700 pounds per
square inch. Estimate the wvalue at 12-percent moisture. Here
ye==11,700, O'=9, and D=12. No values of S; and Sg for the same
species being avniluble, it is assumed that the strength-moisture
relationsiup for this hardwoed is similar to that for hardwood species

, . S .
in general and 1.59, the value uf-S,‘—2 as given for modulus of rupture
a

of hiardwood species in table 16, is used for&- A=12 and for B the

Sa

value of 24 from the tabulation on page 51 is taken. Substituting in
the formula:

- log 1.59
Log Sy=log 11,7004 (9—12) 52—
. 0.2014
=4.0682—3 % ~75

—4.0682—0.0503==4.0179
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Tasre 10 —-dAverage sfrength ratios (%E) for species in drying from a preen condi-
r

tion lo 18-percent molsiure content

) . iiardwoods | Softwoods
Property (113 species) § (54 species)

Satle bomding:

Fiber stress pb proportionnI MM, . . e reiiieeerav e vearm ot 18O L8

Maodulus elzuplure...... .. ... ... 1.50 18]

Modulus of elssticlty .., .. 1.3 L2

Work to propertlopal Hmlg 40 .50

Work ro musbimum losd - .., 1,05 L13
Tmipact hending:

Filher siresg ot praportionsl Binlt.... . . oL el ... 14 1.39

Waork :ururu]xzrtium!llmi!....,..“._.._,.....‘...._.. ey ereatmeeraiene - [N 149

ilefght of drop cuousing complete filure. . ... _.. . .. el iciiiiieao.. L850 1.03
Compressfon parallel 1o graln:

Flherstrea st propdttionat Wimb o e ceceiy cee e iaaeiee s 1.74 156

Muximmn crushing strenpih oL . ooy siea s 1.5 .97
Compression perpentdiculny to grofn: Fiber stows st propot tionst Himd i, 54 Lo¢
Horilness:

o I P 1.55 1,67

Blthe. oo . i iims ee s mieieem e ae aimeiie maaieeeaaan 1.33 140
Shienr pmruliel {o the grais: Maxhinum shearing stremnnh, .0 L. L4} .37
Tenston perpeadivnior to grain: Moaxdiin tensile sirength 1.2 .3

Siz==uniilog 4.0179=10,400

Obviously, adjusiments of type 1 are most and these of type 3 least
accurate,  The lngecurney 12 types 2 and 3 is due fo the assumed
values of (he expression

log (Su=-84)
A—B

not being definitely applicable.

In types 2 and 3 the nccuracy of the computed or estimated value
decresses with increrse in moisture difference for which adjustment
is made.

GRAPHICAL METHOD

The graphical method consists of using a chart (fig. 11} for the
solution of the formula described under the equation method, thus
avoiding the use of logarithms as required in the arithmetical calcu-
intion. This method 1s, therefore, simpler than the equation methed,
hut dua to the personal equation in reading the chart and the small
seale of the chart, the adjustment is less accurate.

The procedura 1n the use of the chart is as follows:

1. ¥irst defermine K, the ratio of the strength when dry to the
strength when green for the strength property and species under
consideration. This ratio should be detcrmined {rom one of the
»hree following sources, with preference in the order named:

(@) From the tests of matched green and dry material for which
the adjustment Is to be made.

{4} From the data for green and dry material of table 1.

(¢) From the ratios of table 16.

2. Determine the difference in moisture between the value to be
used for green material (table 1) and the moisture content of the cgiy
materinl on which the preceding dry to green strength 1afio is based.
(For all species listed in table 1 the moisture content of the dry
material is 12 percent,

3. Determine the difference between the moisture content of the
material at test and the moisture content to which adjustment 1s to
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bomade. This difference represents the range in moisture over which
the adjustment is to be made.

4, Locate on the chart a point corresponding to the difference in
moisture content us determined under 2 and the ratio K as deter-
mined under 1. From the line joining this point with the lower
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left-hand corner of the chart the ratio corresponding Lo any difference
in inoisture content can be found.

5. Locate on this line, the point that corresponds to the dilference
in tho moisture content as determined under 3, and read the corre-
sponding new strength ratio K on the left-hand scale.
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6. {a) If the ndjustment is being made {o n lower moisture content
than that at which the tests were made, multiply the strength at test
byl the new ratio (as obtained in 5 above) to get the adjusted strength
value,

(&) If the adjustment is being made to s higher moisture content
than that at which the tests were made, divide the strength at test
byl the new ratio {us obtained in 5 above) to get the adjusted strength
vile,

Example 1. Tests of matched specimens of Douglas fir gave values
of maximum crushing strength of 3,844 and 10,680 pounds per square
inich, respectively, for green wood and wood at 6.2-percent moisture
content. What is the strength at 12-percent moisture content?

1. The ratio K—;M-o

3940 =2.71.

2, Tho difference between the moisture content to be used for
green material (tabulution on p. 51) and that ab test is 24—6.2=17.8
whig‘h is the difference in moisture content to which the ratio 2.71
applies.

3. The difference between the moisture content of the dry material
ab test and the moisture content to which adjustment is desired is
12—§6.2=35.8.

4. Starting with the ratio 2.71 on the left-hand margin of figure 11,
and following horizontally to the vertical representing the 17.8-per-
eent moisture difference, irocntc a point.

5. Following tha converging line on which this point is located to
its intersection with & vertieal corresponding to the moisture differ-
cnee of 5.8 (step 3), and thence horizontally to the left-hand margin,
a new ratio A of 1.38 is found.

6. The maximum ecrushing strength at 12 percent moisture is
10,680

1.38
percent fo which adjustment is made is higher than the moisture
content at test. Consequently the strength value at test is divided
by the ratio.

Example 2. The modulus of rupture of a sample of hardwood
species fested at 13-percent moisture content was 10,030 pounds per
square inch.  What is the estimated value at 9-percent meisture?

1. Bince data on matched green and dry material are not available,
the average ratio of strength when dry (12-percent moisture content)
to that when green for a hardwood is taken from fable 16, and is 1.59.

2, From the tabulation on page 51, the moisture content to be
used for green material is assumed to be 24-percent moisture content.
The ratio of 1.59 applies fo material at 12-percent moisture content.
The moisture difference is, therefore, 24—12=12-percent moisture
content.

3. The differences between the moisture content of the sample at
test and the moisture to which adjustment is desired is 13—9=4
pereend,

4. Starting with the ratio 1.59 on the left-hand margin of figure
11, and following horizontally to the vertical represeniing 12-percent
moisture difference, locate a point,

5. Following the converging line through this point to its intersec-
tion with the vertical corresponding to the moisture difference of 4

7,740 pounds per square inch. The moisture content of 12
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percent (step 3}, and thence horizontally to the left-hand muargin, the
ratio K of 1.165 is found.

6. The modulus of rupture at 9-percent moisture contentis 10,030X
1.165=11,680 pounds per square inch. In thisinstance the moistire
content of 8 percent to which adjustment is made is lower than the
moisture content at test and the strength value at test is multiplied
by the ratio K.

LIMITATIONS TO MOISTURE-STRENGTH ADJUSTMENTS

When the strength data nre {rom lests on material in which thie
meisture is not uniformiy distributed in the cross section, moisture-
strength adjustments on the basis of the methods just outlined cannot
be considered as reliable, and no acceptable general method for the
adjustment of such data is available,

COMPARATIVE STRENGTH OF AIR-DRIED AND KILN.DRIED WOOD

Some wood users contond that kiln-dried wood is brash and not
cqual in strength to wood ihat is air-dried. Others advance figures
purporiing to show that kiln-dried wood is much stronger than air-
dried, However, comparative strength tests, made by the Forest
Products Laboratory on kiin-dried and sir-dried specimens of 28
common species of wood, show that good kiln drying and good air
drying have the sume effect upon the strength of wood but that
severo conditions in the kiln will Jower most of the strength prop-
crties {56},

The belief that kiln {rying produces stronger wood than sair drying
is usunlly tho result of fatlure to consider differences in motsture
content. The moisture contens of wood on leaving the kiln is gener-
ally from 2 to 6 percent lower than that of t.horougﬁly air-dried stock.
Since wood rapidly increases in most strength properties with loss of
moisture, higher strength values may be obtsined from kiln-dried
than from awr-dried wood. Such a difference in strength is not per-
manent, since in use a piece of wood will come to practieanlly the same
moisture condition whether it is kiln-dried or air-dried.

1t must be emphasized that the appearance of wood is not & reliable
criterion of the effect the drying process may have upon its strength.
The strength properties may %)0 geriously injured without visible
damage to the wood. Also, it has been found thet the same kiln-
drying process cannot be applied with equal success to all species.
To insure kiln-dried materiall) of the highest strength, a knowledge of
the correct kiln conditions to use with stock of & given species, grade,
and thickness, and a record showing that no more severc treatinent
has been employed, are necessary.

TEMPERATURE AS RELATED TO STRENGTH

The moisture content of wood determines o a large extent how it
is affected by temperature,

Lowering the temperature of wet or green wood decidedly increases
its stiffiess and its strength In compression parallel to grain.  Freezing
temperatures. have resulted in increases of from & to 25 percent as
compared o values at normal room temperature, the results varying
with the strength property considered, the species, and the moisture
condition {12, 47). Such effeets are much less pronounced in wood
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whose moisture content is below the fiber-saturation point and become
comparstivoly small at very low moisture econtent values.

Tests in compression parallel to grain have shown values for green
wood nt temperatures near the boiling point about one-fifth as great
a8 &t normal room temperature. Including both moisture and tem-

erature effects a tenfold difference in maximum erushing strength has

een observed between specimens tested immediately after soaking *
in hot water and other matched specimens that were tested after
cooling subsequent to over drying to expel all moisture. This illus-
trates the importance of establishing comparable conditions of mois-
ture and femperature when making comparisons involving strength,

Aside from the current or immediate effects of temperature as just
cited, tests have shown that heating to or above the boiling point for
several hours or to more moderate tomperatures, such as are used in
kiln drying, for longer periods may permanently lower the strength
properites as compared to unheated wood at the same moisture con-
tent. The effect on the strength at some Jower moisture content is
somewhat less than on the strength of wood in the green or wet con-
dition. The amount of this lowering apparently depends on a large
number of variables including species, size, and moisture content of
the materia}l when heated, the temperature, and the duration of the
hesting period (22, 42, 59). .

Steaming or boiling of weod for brief periods is used to make it
pliable and prepare it for bending to curved form. Such preparation
makes it possible to bend the wood to curvatures otherwise unattain-
nble. The heating is usually for comparatively brief periods and
probably has little permanent effect on the strength,

EFFECT OF PRESERYATIVE TREATMENT ON STRENGTH

Cosal-tar creosote, water-gas tar, wood-iar creosote, ereosote-tar
mixfures, and creosote-petroleum mixtures are practicslly imert to
wood and have no chemical influence upon it that would affect its
strength (6). The 2- to 5-percent solutions of zinc chloride com-
monly used in preservative trestment apparently have no importent
effect.

Although wood preservatives are not harmful in themselves, the
treatment used in injecting them into the wood may result in con-
siderable loss of strength to the wood. Green wood conditioned for
the injection of preservatives by steaming or by boiling under vacuum
muy be seriously reduced in strength if extreme temperatures or heat-
ing periods are employed. Consequently, care should be used to keep
the temperature as low and the duration of the treatment as short as
is consistent with satisfactory absorption and penetration of the pre-
servative (69). A gnge pressure of 20 pounds (259° F.) is sufficiently
high for steam conditioning. No advantage i3 known to result from
higher pressures, and the resulting higher temperatures are much
more likely to damage the wood. The maximum temperature cm-
ployed in the boiling-under-vacuum process is usually less than 210°,

The use of pressures greater than 175 pounds in injecting preserva-
tives into wood that is soft from long heating is likely to cause severe
end checking and collapse. Considerabi;liigher Pressures ¢an be
used if the wood has been heated for a short time only, or not at all.
Woods of Jow density are more subject to injury from high pressurcs
than woods of high density.
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STRENGTH AS AFFECTED BY RATE AND METHOD OF LOADING
DURATION OF STRESS

The duration of siress or the time during which a load or force
acts on & beam or other wooden member has an important bearing
on the use of the timber, and on the adaptation of results of tests
to the design of different kinds of structures or members. For in-
stance, when an airplane traveling at high speed suddenly changes
its course as in flattening out following a dive, wooden members may
without damage be subjected for a few seconds to forces which would
cause complete failure 11’ applied for a Jonger time. Inimpact-bending
tests, where the load is suddenly spplied and is mainteined for but a
fraction of a second, & stick will resist a force more than double that
required to produce f{ailure in a standard static-bending test. On the
other hand, beams under continuous loading for years, as in ware-
house floors, will fail at loads one-half to three-fourths as great as
would be required to produce failure in the standad static bending
test.4where the maximum load is reached in & few minutes (5, 27,
31, 49).

From the foregoing it is clear that tests made under widely differ-
ent conditions of loading are not comparable, and that the allowable
stress in o wooden beam must be determined in accordance with the
loading to which it will be subjected in service. The rapidity with
which the load is applied and the duration of the stress are material
factors in the result.

Figure 12 presents an interpretation of some data on the influence
of rate of loading from tests of small clear specimens. A tenfold
increase or decrease in the rate of loading produces approximately a
10-percent increase or decrease, respectively, in bending strength.

In timber testing, the eliowable tolerance in rate of loading is
limited to +25 percent of the required rate in order to keep the
variation in test results from this cause within about 1 percent (48).

FATIGUE

Somsé tests have been carried on both in the United States and in
Europe to determine the effect of repeated stress and vibration
although no extended and thorough or complete investigation has
been made (30).

In tests made at the Forest Products Laboratory on beams of
circular cross section, rotated so that the outer fibers were atressed
in compression and, tension alternately at each revolution, the fatigue
limit was found to be about one-third of the modulus of rupture as
determined in static tests, on beams having square cross sections.
Sometitnes the fatigue limit of wooden beams with cireular cross
section is expressed as a ratio to the static modulus of rupture of
beams also of circular cross section. Expressed in this way the ratio
is less than one-third, since a beam of circular section has a form
factor of 1.18. These tests involved over 300,000 stress cycles
(table 17).
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Studies made on cantilever beams having an enlarged cross scetion
at the point of support demonstrated that the fatigue limit varied
urently depending on whether the change of cross seetion was abrupt
or gradual,

ith even what is normally considered a generous fillet the fatiguo
limit is lowered markedly. This effect, together with the influence
of formn fuctors, has led some investigators erroneously to place the
futigue limit for wood as low as one-sixth of the static modulus of
rupture.

Tests made at the Forest Products Laboratory on tapered speci-
mens of & form to obviate changes in cross seection that would infiu-
ence failure show that, for a stress just slightly greater than the
futigue limit, failure occurs at not more than 2,000,000 load reversals
and jn some spacies at less than 1,000,000 reversals. Tests at stresses
ouly slightly less thau the fatigue limit showed no {ailure after re-
versals ranging in number from 14,000,000 to 125,000,000,

Other tests on Sitka spruce in which specimens of rectangular cross
scction were vibrated through approximately 5,000,000 cycles indi-
cate that the modulus of elasticity is not greatly affected by vibra-
tion. No effect on fiber stress at proportional hmit and modulus of
rupture could be detected from these tests, the values being about
the smme for specimens which had and which had not been vibrated.
The tests indicate that the same stress prevails at the fatigue limit
with vibrated specimens of rectangular cross section as with rotated
specimens of circular cross section,

Further studies to obtain more specific information on the effects
of vibration and fatigue, particularly when subjected to a large num-
ber of stress cycles, and to determine the variation of these prop-
erties with different species are nesded.

EFFECT OF TIME OR LENGTH ‘%)‘F}OS[I;]RVICE ON THE STRENGTH OF

It is son:etimes assumed thas wood is perishable and is suitable
only for use in temporary structures. Although wood, like other
materials, is subject to attack by destructive agents, there is ample
historical evidence of its permanence when pretected from attack by
such ngencies as fungi, insects, marine borers, and rodents.

So far as is known the lignin and cellulose which constitute the
wood substance rre not subject to chemical change with time when
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wood js adequately protected from the elements and other destructive
ngencies, although the color of wood may be slightly changed by
long-coutinued exposure to air. Possibly this change of color results
from oxidation of substences that are not paris of the wood sub-
stance.

The effect of time cannot be appraised accurstely by tests of wood
from old structures since the original strength of the material is
unknown. The evidence from such tests as are on record is that no
significans loss of strength has occurred in the absence of the destruc-
tive ugencies enumerated (1, 2, 14).

The shrinkage that occurs in the drying of wood induces internal
stresses. In time, equalization of differentials of moisture content
combined with the action of wood as & plastic material relieves such
strosses. 'This effect would tend to increase the resistance to external
forees but its effect is probably not great enough to be significant in
most uses of wood.

A recont survey has shown that literally hundreds of bridges made
antirely or partly of wood have served satisfactorily and with but
little attention for long periods. Many that are more than s century
old are still in service.” Others have given way, while still in good
condition, to the demands for greater width of roadway and higher
lond capacity than that for which they were built (11).

SIZE OF PIECE AS RELATED TO STRENGTH

It is well known that the size and form of & timber have = definite
bearing on its lond-carrying ability for different purposes, but the
manner in which the loand-carrying ability and stiffness vary with
dimensions is not so generally understood.

SILE OF COLUMNS OR COMPRESSION MEMBERS

In a short column, that is, & column whose ratio of length to least
dimension is 11 to 1 or less, the end load that ¢an be carried varies
sunply with the aren of the ecross section of the iece, other factors
being equal. However, with & long column, one whose length exceeds
about 20 times its leust dimension, the end load that can be supported
{(with a given “end condition’) varies not s the cross-sectional
arer, but direcily as the greater dimension of the cross section,
directly as the cube of the lesser, and inversely as the square of the
length. Columus are usually either square or round. Hence the
load that can be carried by a long column of square or circular cross
section varies directly as the fourth power of the side of the square
or dizmeter of circle, and inversely as the square of the length. The
load that can be supported by columns of intermediate ength is
intermediate between that for the short and long column (3%).

SIZE OF BEAMS

The load that n beam of rectangular cross section can carry, other
factors being equal, varies directly as the width, directly as the
squars of the depth, and inverselg as the span. The deflection for

& given lond varies inversely as the width, mnversely as the cube of
the depth, and directly as the cube of the span.

A few numericsl examples will serve to illustrate these relations.
Let it be assumed that a beam 1% by 7} inches {(nominal 2 by 8) is
used on edge on a 12-foot span.
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EFFECT OF WIDTH

If the width of beamn were increased from 1% to 3% inches {(nominal
4-inch width) n total lond about two and one-fourth times as largo
{8%-+1%=2.23) could be carried, and the deflection for g given load
would be about 45 percent as great

1 1
(5-% - iy ==().4 48)

EFFECT OF BEPTU

H the depth wore increased from 7 to 9} inches (nominal 10-inch
depth} n total load 1.6 timos ss lurge, (9¥)*+(74)*=1.60, could be
carried, and the deflection for u given lond would be about 49 percent

s great
i . 1 e g2

EFFEQCT OF LENUTH

1f the span were incrossed from 12 {0 15 feot u total lond 80 porcent

as lurpe (1%+}']§=(}‘80) could be carried, snd the doflection for a

given load would be nearly twice ss great {15%+12%=1.95).

The preceding relutions are those expressed by the usually sceepted
ongincering formulas and ure based on asswnptions that are more or
less insccurate under certain conditions. Their use, however, has
been long establishied und they may be regarded as the best general
basis for ealeulution. :

Since strength and stiffness are dependent on the form and size of
piece as well as on the inherent strongth of the wood, it is usually

ossible fo compensate for the lowor strangth of the weaker species
y increasing t.Ea size of mombers in accordance with engineering
principles,

FORM OF CROSS SECTION AS lﬁ%ﬁg‘g}[) TO STRENGTH OF WOOQDEN

Caleulations by the commonly accepted engineoring formulas as
previously illustrated are sufficiently nccurate for use in the design
of members of rectangular cross section for common structural pur-
poses. Experiments ﬁave demonstrated, however, that beams may
curry more or less load, depending on the forn of the cross scetion,
than would be calculated from the general beam formula, using the
modulus-of-rupture value based con specimens 2 by 2 inches in cross
section as given in table 1. Hence, when members of other than
rectangulsr section are used, or when maximum sccuracy is essential,
s in the design of aircra{t parts, modifieation of those formulas is
necessury (36).

Tests have shown that u beam of given cross-sectionsl aren carries
the same load regardless of whether the cross section is circular,
square, or diainond shape {square with dingonal in the direction of
load). This is true both of loads at proportional limit and of maxi-
minn load. The corresponding stresses computed from the usual
formuln are 18 percent higher for the circular and 41 percent higher
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for the diamond-shaped beam than for the square. Thus the circular
und dismond-shaped sections may be said to have form factors of
1.18 and 1.41, respectively, On the other hand, the form factor for
beams with I and box-shaped sections has been found to be less than
unity and may in oxtreme instances be as small as 0.50,

The stresses developed in o wooden beam also depend on its size—
or rather its depth. In general, the shallower the beam the greater
the stresses that will be developed and conversely. This effect is
sutlicient to make about 7 percent difference between depths of 8
und 2 inches,

Theorotically, also, the stresses developed are affected by the
width of the piece. As fur as is known, this effect is not sufficiently
large to be of practical significance. If, however, the width is too
smtll in comparison with the beight and span a beam mny deflect
sidoways and fail at a lower stress than would a wider beam with
other dimensions the sume or than the same beam if braced against
dellection sideways (52).

The effcets of shape and depth of beams as just discussed apply to
loads and stresses. Modulus of elasticity is not affected. Conse-
quontly, the same value of modulus of elasticity may be used for
computing defloctions by the usual engineering formulas regardless
of tho shapo or depth of & beam. When, however, the relation of
depth to spun is such that high horizontal shearing stress is involved,
the cffect of shearing deformation should be considered in computing
deflections (35).

DEFECTS

Defects are uny irregularities occurring in or on wood that may
lower some of the strength, durability, or utility values. Defects
may be divided into two greups on the basis of their effect on struc-
tural timbers: (1) Those that materially affect the strength and must
be considered in formulating specifications. This group includes
decay, cross grain, knots, shakes, checks, and splits; and structural
grading rules definitely limit the sizes of such defects according to
the grade (9, 38, 84, 61). (2) Those that would normally be excluded
for other reasons than their effect on the strength. This second
group includes pitch pockets, wane, wormholes, warp, pith, and
imperfect manufacture. These may ordinarily be disregarded in
grading structural timbers but must be considered in selecting mate-
il of smaller size for special uses, such as handles or ladder parts.

DECAY

Vegetable organisms known as fungi, of which there are many
varieties, are the cause of decay or rot in timber. Aside from food,
which is supplied by the wood, the three essentials to their develop-
ment are air, suitable temperature, and favorable moisture content,
Wood that is completely submel;ged in water does not decay because
the necessary air 1s lacking, Wood whose moisture content is con-
stantly below about 16 percent does not decay because insufficient
moisture ts available for decay-producing organisms. The so-called
dry rot develops in timber that is apparently below such a moisture
content because the producing organism is capable of conducting the
needed moisture from sources outside the timber itself.
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Wood decays more rapidly in warm humid elimates than in cool
dry regions, High nltitudes are as a rule less fuvorable to decay
than nearby low areas because the average temperature is lower and
the growing season for fungi is shorter.

Not all propertics are affected to the same extent by a given degree
of decay. Shock-resisting ability as reflected in the work values in
statie bending, or the height of drop in impact bending, is one of the
first properties to be affected, and decny which has not progressed far
enough to he visible may seriously impair this quality, Crushing
strength parallel to the grain is slowest to give way, with hardness
and strength as a beam holding an intermediate position. Decay
often develops in localized regious or pockets and may not affect the
strength of o piece uniformliy.

Because of the fact that 1t is impossible to estimafe satisfactorily
either the extent to which decay has progressed, or thoe probability of
its further development, timber containing decay in any stage should
be regarded with misgiving for use where strength is important.

Two methods are avuilable for prelonging the life of timber exposed
to conditions fuvorable to decay: (1) Use the heartwood of species
that are naturully resistant to decay; (2) impregnate the wood with o
preservative (J8).

The danger of decay cun in meny instances bo lessened materially
by careful atlention to details of design snd construction., For
example, proper insulation of water pipes will prevent excess humidity
and the (}oposition of watcer on woodwork in their vicinity; joints in
exterior woodwork ean be mades so that they are readily drained or
ventilated; ventilation can be provided beneath the floors of houses
without basements; basement posts or columns can bo raised a few
inches above the {loor by means of pedestals.

The sapwood of all species has low natural decay resistance and
generally short life under decay-producing conditions. Common
native species vary greatly with respect to the durability of the beart- |
wood. Furthermore, all pieces of the heartwood of = species are not
equally durable,

Genernl comparisons of the relgtive decay resistance of different
species must be eslimates. They cannet be exact and they may be
very misleading if interpreted as mathematically accurate and appli-
cable in ull instances, They may be very useful, however, if umf -
stood as approximate averages only, from which specific cases may
vary considerably, and as having application only where conditions
are favorable to decay. The classification of s number of common
native species with respect to the durability of the untreated heart-
wood as presented in tablo 7 18 to be so understood.

CROES GRAIN

The term “eross grain’' denotes any deviation of wood fibers from
n direction parsllel to the longitudinal axis of o piece.

In order to correlate cross grain with the strength properties of
timber, a definite method of messurement is necessary. This is
afforded by the angle between the direction of the fibers and the
axis of the piece, or edge if it is parallel to the axts. The angle is
usually axpresseci ss a slope; for tustance, 1 in 15, or 1 to 15, means
that the grain deviates 1 inch {from the edge of the piece in & distance
of 15 inches.

126695°—35—5
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An extensive series of tests on Sitka spruce, Douglas fir, and com-
merciael white ash bas shown thet the seversl strength properties
differ in the degreo to which they are affected by cross grain and that
for properties materially aflected the tendency of values to fall off
oceurs with even slight devistions of grain {19, 57). Values presented
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in table 18 are the average percentege deficiencies for various slopes
of cross grain in material thet is free from checks and other defects, as
compared with straight-grained stock. Figure 13 presents the results
for white ash graphically. Specific gravity and moisture content are
plotted in this fizure merely to show thet they do not very greatly
among the groups of matensl representing various slopes of grain.
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The weakening effect of eross graiu results from the wide difference
in properties of wood along und seross the grain,  Cross grain is
accompanied by #n ineressed variability of properties, incrensed
(h(‘r.'lung, and a tendeney of the wood to twist and warp.

The date presented on the influence of cross grain are based on
tests of clear pleces 2 by 2 inches in cross section, fres from checks.
In lurger sizes, and when other delects are p:e%ent chiecks are apb to
be present along with the cross grain, and in such instances greater
weakening occurs thun in the {es Jesults cited, ‘The values given are
thus indicative of the minimum effect.

The wenkening effect on stress in extrene fiber in bending becomes
significant with # slope of sbout 1 in 20 and increases rapidly with
merease in slope.  The permissible slope of grain depends on the use
to which the wood is put. In genersl a siope reater than 1 in 20
should not he permitted in o main stiveturel mireraft member. In
structural timbers, the permissible slope varies with the grade and
with the kind of stress, and runges from I in 20 for higl-grade beams
to 1in 8 for low-gr ade posts.

Cross grain may be of three fundamentally different lypes us
follows:

DIAQONAL GRAIN

This {orm of deviation of grain is ¢aused by fallure Lo saw paralle]
to the snnual growth layers beceuse of either crocked logs, careless-
ness in menufacture, or the praclice of sawing parallel to the pith
instead. of parsaliel to0 the bark in logs of large taper. Diagonal grain
shows on the edge-grain or quurtcr—sawed face of a board or timber,
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SPIRAL GRAIN

This form of deviation of grain results from a corlserew or spiral
rather than vertical arrangement of fibers in a tree. Spiral grain thus
refers to the direction of fibers within the annual growth layers and its
true direction is evident only on a plain or flat-sawed surface where it
is measured by the direction of checks, splits, or other indication of the
direction in which the grain runs. Interlocked grain is a special form
of spiral grain varying in slope or reversing slope between successive
growth perieds. An approximation to spiral grain results when a
piece is cub so that the grain of the wood on the flat-sawn face is at an
angle to the axis,

IMHEGULAR GRAIN

This term applies to a more or less irregular wood structure usually
nccompanying knots, or oceasionally appearing as waves in otherwise
clear wood,

METNODY OF CALOCULATING CHOSB~-GLRAIN

When the grain slopes on both flat-sawn and quarter-sawn faces of
n piece these slopes being 1 in @ and 1 in b, the resuliant or effective
slopo s given by tho expression

R

ab

for example, if the slopes are 1 in 12 and 1 in § the effective slope is

=11in 4.6,

\BF128 13
5X12 60

or if the slopes are both 1 in 20 the effective slops is

2004207283 .
5020 —400—1 in 14.1

KNOTS

A knot is that portion of a branch which has becoms incorporated
in the body of a tree. The influence on strength is due to the fact that
the knot interrupils the continuity and direction of fibers and that
the direction of fibers in the knot is essentially at right angles to those
in the adjacent wood.

The influence of knots depends on their size, location, shape, and
soundness; the kind, size, and proportions of the piece; the kind of
stress to which the piece is subjected; and the amount of the attendant
CTOSS-grain,

Knots actually increase hardness and strength in compression per-
pendicular to grain, and are objectionable in regard to these properties
only to the extent that they cause nonuniform wear or & nonuniform
distribution of pressure a$ contact surfaces. Knots, however, are
harder to work and machine than the surrounding wood, may project
from the surfaco when shrinkage occurs, and also are a cause of
twisting,
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Knots liave relatively little effect on the stiffness of o member.
Hence, it is possible to effect some economy by using low-grade ma-
terial where stiffness is the controlling factor as in joists in smuall
buildings, In such instances the size of the member is usually gov-
erned by stiffness, s hence relatively knotly materinl can be satis-
factorily used, although at some sacrifice of hending strength. For
exumple, tests of two 2- by 8-inch by 10-foot joists cut from the same
species showed, in pounds per square inch, a modulus of elasticity
of 1,100,000 and a modulus of ruptire of 5,470 for n practically clear
joist and s modulus of elasticity of 1,246,000 and a modulus of rupture
of 2,940 for a knotty joist. 'Lhe slightly higher modulus of elnsticity
of the knotty joist is attributed to the slightly higher specific gravity
of the wood over that of the ¢Jear joist.

In » long column, that is, & column in which the lengih exceeds
about 20 times its [east dimension, the maximuin load depends on the
stiffness alone, and knots are consequently less detriniental than in a
short column in which the crushing strength of the wood determines
the maximum load {32),

Knots have approximately one-half as mueh effect on compressive
ns on tensile strength. Hence, for a given percentage reduction in
strength lerger knots are perinissible it a short column then on the
tension side of a beam.

Knots are most sertous in their effect on the bending strength of
beams. The influence of 8 knot on the tension face is spproximately
meuasured by the ratio of the dinmeter of the knot to the width of the
face, the dinmeter being tuken ss the distance between lines enclosing
the kuot and parallel to the edges of the fuce. 'Thus, s knot which
measures one-fourth the width of the tension face reduces the bending
strength 25 pereent. The same knot on the compression side of the
beam would have about half the influence. Large knots have a
somewhat greater influonce on the bending strength thian is indicated
by the foregoing rule, owing to the increased distortion of grain around
them, This effect is taken care of in the structural grading rules
conforming to American lumber standards (54, 61 ). The effect of
knotsis greaterin the center half of the length of & beam than near the
ends, and is greater near the upper and lower fuces than st the center

of the height (9), SHAKES
HAK

A shake i3 a separation of wood along the grain, the greater part of
which occurs betweon or within the rings of annual growth. Shakes
can best be detected at the end of the piece where they extend in a
general circumferential direction. In structural grading, shakes that
appear on an end of & piece are assumed to extend to the center of
its length. In beams the principal effect of shakes and one effect of
cheeks is to reducs resistance to horizontal shear or the sliding of the
upper on the lower part of the piece. Not only do shakes and checks
reduce the area acting in resistunce to shear but, beenuse of concen-
tration of stress at their extremities the average shearing strength of
the remaining area is much less than the shearing sirength of un-
checked w as found from shear or torsion tests. These effects are
unportant in large timbers in which the concentration of stress secom-
punying shakes andfor the checking that usually occurs either prior or
subsequent to the placement of titnbers in service is sufficient to cause
failure at a shearing stress, as averaged over the unchecked ares, of
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less thun Inlf the ultimnate value found in standard shear block tests
(table 1}, The effect of shakes on strength in horizontal shear is
appraised in the grading of beams by determining the width of the
shake, as measured on the end bhetween lines p:xl‘nﬁol to the faces, in
terms of the width of the picco. For green timbers the allowable
shnie is Lhe same percentage of tho width of the piece as tho grade is
batow an assumed strength for the clear wood (64}, Thus, in beams
of u grade that permits defects that reduce the strength by one-fourth,
the sllowable shake would be one-fourth thoe width of the piece.
Shakes tend to inerensoe in size with seasoning, A slightly lsrger
shake is allownble in seasoned material.

CHECKS

A check is o separation along tho grain, the greater part of which
oceurs across the rings of annual growth.  Checks other than heart
and star cheeks which oceur in green wood and whoese eayse is un.
knowtt ocvcur in seasoning and are due to difference in shrinkage in
radial and tangeatiad, or eircumferential, directions, and to difference
in shrinkage between adjacent parts induced by differences in moisture
content. Checlis nre clossed as ond checks, heart ehoeeks, star cheeks,
surfnce checks, and through cheeks.  An omd cheek is one at an end
of n picee; & heart cheek 1s one starting near the pith and extending
toward but not to the surfnce of the piece; a star chock consisis of a
munber of heart checks; a surface eheck is one into a piece from the
surface, and & through check is ono extending through the piece from
one surfes to another. Difference between forms of cheeks need
not be considered in determining their effect on strength.

Checks, liks shakes, are injurious to beams to the extent that they
reduco the area resisting horizontal shear. It is eviden$ that checks
in the narvow or horizontal fuee have practically ne effect upon the
strength of straight-grained beams. Checks in the wide or vertical
faces aro most serious in their effect on resistances to horizontal shear
when straight and at or near the eenter of the height.

Tho effect of checks in beams and columus depends an the ares of
the longitudinal section they cover, but, unlike shakes, they are not
assumed to extend from the end of the piece 1o the center of the length.
The samoe method of measurement and limitation may be applied as
forshakes. Ifwmore refinementis desired, however, it may be obtained
by estimating the actusl reduetion of area in & longitudinal plane
within that portion of the length extending from the end to & distance
three times the depth from the end. The aggregate area of checks
permissible within this distance is equal to the width of the allowable
shako multiplied by three times the height of the beam (61).

Checks also cause serious weakening in tension perpendicular to
grain, but are less injurious in straight-grained members subjected to
direct compression or tension along the grain.

Checks are more difficult to prevent in large timbers than in small
pieces, and they increase in size and depth with the degree of seasoning
during the earlier stages but Iater close partially or entirely. Checks
usually appear first on the ends of a piece, but the development of
enit checks can be retarded, and in smaller sizes prevented, by the
application of an end coating, such as hardened gloss oil prior to
seasoning. Season checks form in round timbers because the radial
shrinknge differs from the tangential or circumferentinl.
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IITCH POCKETS

Piteh pockots are openings within or between the annual growth
rings that contain more or less pitch or bark. Piteh pockets vary
greatly in size. Ordinarily, their dimension st right angles to the
annual rings is less than one-half inch, whereas they may extend for
soveral inches along the grin {vertically in the tree) andfor in the
direction of the annual rings {circumferentially in the tree).

Native species in which pitch pockets are found are the pines, the
spruces, Douglas fir, western larch, and tamarsck, Pitch pockets in
structural timbers ordinarily #re not important as (1) their extent is
not sufficient to cause significant weakening in shear, {2) they do
not cause serious deviations of grain, and {3) they occupy only
smell proportion of the cross scetton of a picce.  However, numerous
piteh pockeis in or cleso to the samoe annual growth layer may denote
the presence of shakes or may be equivelent in effect to o shako,

In smull members the sizo of the pitch pockeis muy represent an
appreciable portion of the cross section and be located so ns to have
a marked effeet on the strength,

The weakening effect of piteh pockets is more serious when they
causo distortion or “dip” of the grain, It is, of course, necessary to
limit pitch pockets in aireraft parts, and rules have been established
for tius purpose (83, 55) but in general they ave of importance chiefly
beeanse of their effeet on appearance.

COMPRESSION FATLURES

A compression failure is & loeal buckling of the fibers, essentially
at right angles to the length, duo to excessive compression along the
grain. Compression failures appear as wrinkles on the surface of
n piece, and range from & well-defined buckling of the fibers visible
with tho mmide{?eyc to a slight crinkling visible only with a nicro-
scope (7, 21, 25),

‘ompression f{rilures may occur when sianding trees are bent
severely by wind or snow, when trees aro felled over logs or irregu-
lnrities of the ground, from rough handling of logs or sawed stock, and
excessivo stresses in service. They weaken the wood in tension,
and when on the tension side of a beam produce brash appearing and
sudden failures. Muterinl contalning compression failures should be
rejected for uses in which strength and shock resistance are important,
such na in handles and Indder parts. Compression failures are ususally
so inconspicuous that careful search is necessary to detect them.
Often tilting of a piece of wood with respect to the line of vision or
source of light will help makse them visibie. It is seldom possible to
detect them in rough-suwn material.

The results of statie bending tests on four specimens from a board
containing compression failures sufficiently prominent to be readily
detected, as compared with the average of uninjured material are
given in table 19, These data, while but fragmentary, illustrate the
serious reduction in modulus of rupture caused by prenounced com-
pression failures, tho even greater reduction in shock resistance as
shown by work to maximum losd. and the varisbility in strength
properties which they cause.
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TasLr 10,—Results of slaiie bendiny test on 4 specimens U from q board confaintry
prominent compressivn failures

Kind nf spocimes Specific | Molsture | Madutay | Work to

gravity * | content | of rupture "'“;‘J:::i“m

LR —

i b, per
Fercent - [ cu, i,

. ig.d T Y.
Contatuing comprossion falfures, . i L3

remerrmmnvasseranenr : e
; L 1.3
Avorage Dguros for nsinjured materll e e 'i LB ¥4

P bending tosts were tmd on speelinens 3y 2 Yy 20 inches, using center Tubing and gn {%ineh
spng,  Epwelinens t, 2, 8, snd 4 were cul o thot the comnpressiun fullures wers locuted at the conter of Lthe

spag,
1 Speclfle gravity baseg =2 welght when gven dry and volumme when grees,

COMPRESSION WOOD

Compression wood, alse known as red wood {rothiolz), is woed of
abnormal growth and structure, slightly above the average in weight,
which is usually distinguished by very wide and eccentric annusl
rings, n Inck of eontrast between spring und summer wood, and a
more or less dark-reddish to brown color. This growth occurs on
the under sido of limbs and leaning trunks of coniferous trees (16, 21,

Table 20 compares cotmpression wood with normal wood in ponderosa
pine, southern yellow pine, and redwood. The values given should
not be rcgar(ic({ns the true averages either for normal wood or com-
pression wood, but as indicative of the relationships between the two
types. ‘The reason for this is that compression wood varies greatly
tn degree from material bordering on normal wood to pronounced
types. The normal wood represented wns cut from the zame pieces
a8 the compression wood, and hence was selected to match the lntter
rather than to be representative of the species.




Tasre 20.—Strength properiies of compression wood compared with riormal wood of redwood, panderosa pine, and southern yellow pinel
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Maximum crushing strefigth_ ... ... PR [; S
Modulus of elastlcity 1,000 pounds per squsre inch..

+ Exact specles unknowr.
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It may be noted that compression wood is characterized by high
longitudinal shriankage, by low sti{fness, and for its weight, a general
dehiciency in most other properties.

When compression wood and wood of normal structure are present
in the samo piece very high stresses are set up in drying on account
of the lerge difference in Tongitudhml shrinkage of the two types of
wood, This causes bowing or other distortien and may even resulb
in splitting of tho piece or in tension fatlure iy the conipression wood.

IMNSECT HOLES

The effect of wormboles on strength is somewhat similar to that
of knots or knot holes, except that they do not involve distortion of
grain, Innsmuch as wortnholes found in lumber usually have only
small dinmeters, occasional ones do not seriously weaken the wood.

In Jumber which has been in storage for some time wormholes ma
be more serious on the interior than 1s indicated on the surface. This
is especially truo of the sapwood of ash, oak, hickory, elm, and some
other luu‘cﬂ\'oods that are subject to attack by the powder post
beetle (45}.

SAP STAIN

Sap stains (blue, red, and yellow) are caused by organisms which
germinate in the sapwood, absorbing starches and sugars, Most
sap stains, unlike wood-destroying fungi, do not as a rule penetrate
the cell walls and consume the wood substance, and therefore sap
stain is not in itself so serious from the strength standpoint. How-
over, severs sap stain of certain varietics causes sufficient injury to
appreciably reduce the shock resistance or toughness.

Sap stain exerts a marked eflect on appearance. Its presence,
furthermore, indicates that the wood has been subjected to unfavor-
able conditions and the possible development of wood-destroying
fungi should be cousidered in the use of such material (17).
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APPENDIX
DETAILS OF TEST PROCEDURE

The information on strength and rclated propertics of woods grawn in the
United States, which is given in tuble 1, was obtained from tesis in static bending,
impact bending, compression parallel to grain, compression perpendicular to
grein, hardness, shear parallel to grain, tension perpendicular to grain, and
cleavage, Dala on weightb and shrinkage were also obtained by means of stand-
ardized Lests.  The foregoing § fests furnish information on more than 25 different
properties of wood.

SELECTION OF MATERIAL

The mnterial for test was identificd botanieally in the woods, and wns brought
to the Forest Produets Laberatory in the green condition in log form, The logs
were generally 4 or B Teet in tength and were usually taken from cach of five or

more representalive trees

of each species, the upper

ﬁfjﬁ_ end of the log seleeted be-

Nl ing in mest instunces 16

) feet nbove the stump.

P Fach 4-foot log or biolt was

q\H d}ividcd Il;l“to stickti as

shown in figure 14.  Inso-

NTING far aswns possible without

testing pieces having im-

NEINE perfections that would re-

duce their strength, the

N3|N&| APITH following procedure was

STe[= %]y x R R ey e followed: A 1est in com-
’ Sislelz(zl¥l¥ T wlianlwjel =) presio pargllcl to the
= rrain was made on a specei-
s g ; ; g 25|18 ;: :‘, 2: g g ) men from each stick and a
test in static bending on o

veles specimen from one stick of

esch pair. A pair consists

gelsp of two tangentizlly adja-

cent sticke a5 N1 and N2,

FelL R W7 and W8, and =o forth.

Teats in eompression per-

gisles pendicular to grain were

made on specimeng cud

PIT from one-half the sticks

that supplied 1he statlic

Figers M,—Method of cutting up the bell and marking the sticks, E:;}g ::é%s ‘t?;f; lorge;;_lsé Ota'hl:g
half, Sticks from various
parts of the cross section were tested in impaet bending, shear, cleavape, and ten-
sion perpendicular to grain.  This was the system followed when the tree furnished
matarial for tests in the green condition only. For each spocies from each locality
tests were also made on both green and nir-dry material from one or more trees.
Two sdjacent bolts from each of sueh trees were cut into sticks asindicated by figure
14. Two composite bolts euch consisting of one stick from each pair from each
of the two adjreent bolts were then formed. The sticks from one composite bolt
were tested in the green condition, those from the other after air drying; the
assipnment of sticks to the various tests being as previously described. = This
system of division of logs and assignment of sfieks provided tests of ench kind
from various parts of the cross seetion of the log and afforded for test air-dry
materiud ¢losely matched to that tested in the green cendition.
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A further feature was the festing in a similar manuer of green malerial laken
st various heights above the stuup Trom one or more trees of o number of species.
The reautting data sre not tabulated herein but are the basis of ihe discussion of
variation of propertics with height iu tree (p. 40).

TESTING METHODS

. The detailed procedure of testing conformed closely {e standards of ihe Amer-
ien Socicty for Testing Materinl (). Specimens for mechanieal {esis are 2 by
2 inches in cross seeiion and of different lengihs, depending on the kind of {est,
Thoso for radinl and tangentinl shrinknge are 1 juch thick, 4 inches wide, and
inch in length slong the grain, the width being radind or fangential nccording to

4
] k] i

SCALE-INCHES
Fiorre 15.—Matbod of omlucting static-bending test,

whether radial or inngentinl shrinkage is to be mensured.  Moisture determina-
tions arc mace on #ll lestspecimens.

Only specimens free from knots, cross grain, shakes, checks, and the Jike were
tested. 'The effects of such characteristics on strenglh values has been investi-
gated in other tests {9).

A brief oulline of the procedure in making cach kind of {est and of computing
the results follows,

DESCRIPTION OF TESTS
STATIC BENDING

In the static-bending lest resistunce of a beam to slowly applicd loeds is
measured.  The specimen is 2 by 2 inches in eross section 2nd 30 inches Inng and
is supported on roller bearings which rest on knife edges placed 28 inches apart
(fig. 16). Lond is applied at the center of the length through & hard maple block,
313, inches wide, having o compound curvature. The curvature has a radius
of 2 inches over the central 214 inches of are, and is joined by an arc of 2
inches adits on each side (6g. 13). The standard placement is with the annual
rings of the specimen horizontal. A constant rate of deflection (0.1 inch per
minute} is maintsined until the beam fails. Load and deflection are read
simuliancously at suitable intervals. Figure 16 is a sample data sheet on which
sueh readings are plotted and other information is shown, and figure 17 isa sample
computation dats eard.  In figure 16 it may be noted that a line is drawn through
the origin parafel to that through the iniiinl points of the curve in order to deter-
mine the deflection at proportional limig.
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Datu on a number of properties are ubtained from static-bending lests, the
most important of which are stress at proporiional linit, modulus of rupture,
wodulus of clasticity, work to proporlional limit, work 1o maxinum load, and
total work, disvussions of which follow.

FTRESS AT PHOPONTIONAL LIMIT

As may be noted the first several plotied points in figure 16 are spproximately
on o straight Hoe showing that the load is proportional {o the deflection, As
the lest progresses, however, the {oad ceases fo inerease in direct proportion

Timbor Tewt Log Shaut
U, S. DEFARTMENT OF AGRICULTURE
FOREST SERVICE
Project o FEE

Weking Pton Na, §24__ Seariwn MAPION__ bue . o swe wa L35 sh Na Sz,

Lubeisiery N [0 85F Fiece Wa, _ L ek o

Specins PRLCLAS FIR I LI T T
Kind of teq STATIE SEXDING Mes. foad 1575 48 f (rs,wmﬂ
Gade CLEAR | . = Dah wt moa. fend L EF 1N,
Cranp . —— - Lawd of P, L 1050 LA T
Loading CEMTEZR [ Dot w P LOITRIN f
Spen o2 4 L7 Mas. diop o COMPRESSION
Dlataris betrrn callare  —oe_ i s ha
Wik of plate =0 ; \\l
Mathing  Metg3? { {/ ’

kO, ot -
i,’:;i‘:‘ *1:_1',‘2_'::_'_ o A {(MAX. 10AG)20.0.50. i,
Haw 202 W (roTdr) 522504
Widrh . 208 M ]
togry 2070 1N
Crewt arctitm o ~av oo
Wik . f251 0,
Ringt per inch 3_
se—0% . . __
Sommee wend S0 R
Samuning  GRELY.
Malitzg _J' 4 :\: T,
Kind at dailese COMPEETSION
ERLLBWED 3V SOUISTERING

TENSION.

Remaehs

S —
)
=

CCE TS N

“0 el 62z D3 02 0.5 oF 07 08 09 40
DEFLECTION (INTHES)

Figvng 18.—Datn sheet for static-bending test.

to the deflection. The point where this occurs, at a load of 1,050 pounds in
figure 16, i3 known as the proportionsl lmit. The corresponding siress in the
top snd botiom fibers of the benm is the stress at proportional limib.

Using formula 1 on page 98, the stress st proportioual limit for the specilmen
represen{ed by figure 16 ig

sz=§%%=5,400 pounds per square ineh
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MODULUS OF RUFTURE

The modulus of rupture s computed by the ssme formuls s8s siress st pro-
poertional limit, using the maximum load instead of the load ab proporiionud
fimit. From formuls 2 (p. 98), the modulus of rupfure of the fest specimen
of figure 16 i
3X1,575X28

B = o0 {2027

=8110 pounds per square ineh

MODULUS {F ELASTICITY

The modulug of elasticity is determined by the slope of ihe straight line portion
of the load-deflection graph {fig, 16), the steeper the ling the higher being the
modulus.  From formuln 3 {p, 98), the modulus of clasticily of the {esl apecimen
of figure 16 i

1,050 (28)*
TAX 200X {E 0233 X0.199

The value of 0.199 used in this computation is the deflection in inches at the
proporiional Hmit.

B 1,757,000 pounds per square ingh

B gt
e v STATIC BENDING
‘415'5%’;%“ ey EENTER. Loading LA~
i iy Station_MADISON Date AUG. 24, -
Speeies. FOUGEAS. FIR Grade CLEAR S, ing._GREEN
Rings___. .2 Sap 0O £S5 wood 4 % Moisture _3fF.. .2
Span 281N, . Length. 30.[0. LN, Height 2.02 1. Width 2,00 IN. Weight 1251 G- ..
_::"‘::_":'.‘....._‘:: PoaTRE] Worm | mort | ke | SQU™ [ memio f o
G.628i0478|_S410_| &/20 | i756 3 232 .92 7.4 20,9

[} i t
Rings: Up. § Nid § Low. § aimsonion.  [TB T
Sum, wood: Up, XNid. § Low, § § Yy ¥

3 ]
Defects
Failure COMPRESSION FOLIGWED BY
SPLINTERING TENSION 8 5
—1

Fiouke 17.—Sample computation curd for stalic-bonding tesl.

WORK TO PRGPORTICGNAL LIMIT

Work io proportional limit is the product of the avernge load up to the pro-
portionsal limit times the deflection st the proportional limit. [t is represented
by the aren under the load-deflection curve from ihe origin to & vertical line
through the sabscissae representing the deflection st propertional limit, and is
expressed in inch-pounds per cubie inch (fig. 161, From formula & (p. 98},
the work io proportional limit for the test specimen of figure 16 is

W 1,050X0.19¢
PLT2X2.00 X202 X 28

={1,92 inch-pounds per cubie inch

WORK TO MAXIMUM LOAD

The work to maximum load is represcnted by the area uader the load-dellec-
tion gurve from the origin to the vertical line through the abscissae represent-
ing the maximum deflection at which the maximum load is sustained. It is
expressed in the same units as work to proportional limit.

120695% 35 ~——8
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Fram Mermnln G p. 98), the work Lo masinwm load for the lest specimen

ul figure 16 ia
20X 200% 0,2

“-’w'ﬂr_’-.(l_ﬁﬁ ‘E‘UTZX_?_.E=71 in¢gh-ponnds per eubie ineh

Flavns 15 —Machine used for impaet-beading lest,

{Thoarea under thecurve in
the graph reproduced in figure
16 was 20 square inches, und
with the sealos used in plot-
ting, cach square ionch repre-
sends 200 (pounds) times 0.2
{inch) or 40 inch-pounds.}

TOTAL WOMK

The total work is represent-
ed by ihe complets ares under
the eurve from the beginning
of the test unlil it is discon-
linued, The {est is arbitra-
rily discontinued in this series
when the lond after attaining
its maximum value first de-
ereasesto 200 pounds, or when
a dellection of 6 inches i
reached, whiclhiever ocours first.

From formuia 7 (p. 98}, the
tofal work for the test speci-
wen of figure 16 is

. 50.2X40
W e=gapascas = 20-9

inch-pounds per cubie inch

The toial area under the
curve in the originnl graph
represented by figure 18 was
80.2 square inches.

IMFPACT BENDING

The impact-bending test is
made to determine the resist-
ance of beams to suddenly
applied loads. The specimen
is 2 by 2 inechesin erossscction
and 30 inches long, and the
span is 28 inches. 50-pound
ram orhammerfalling between
two vertical guides i9 dropped
upon the glick at the center of
the span; first from a height of
1 ingh, next 2 inches, and so
on to 10 inches, then inereas-
ing 2 inches at & time until
complete failure ocours {(fig.
18). A stylugattached to the
hammer moves agninst paper
rmounted on a revolving drum
and records the dellection at
each blow, and the position of
thespecimen when the hamraer
comses torest afier rebounding,
Thus, data are obtained for
determining various properties
of the wood. Figure 19 is a
sampie record tnken on the

drum. Figure 20 is a swaple compulation card, snd figure 21 is & sample dats
fheet on which tho test results are plotied to determine the stress ab propor-
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tiona! Hmit and the wodulus of vinsticity. Olher properlies on which dats ure
ubtained are height of drop in impact hending and work 1o proportional limit.

HTHRESS AT DPHOPORTIONAL LIMIT

In figure 21, height of drop is plotted against tho sguare of the detleetion’

The first several points are
approximately onastraight
line, and are used to
determine the bmib of pro-
portionaiity.  Praciically
ail the foetors influencing
the test tend to reduce
the defleelion for s given
height of drop, s0 that affer
inding Llbe deflection =t
proporlional Hmib ag usual,
ihe head or drop &l this
dolloetion i read from 4
line passing fhrough the
origin nud the poinl within
the proportional fimit
wlhich gives this line the
least slope,  From formula
13 {p. 98), the stross ab
proporticaat timit for the
spoecimen represented by
figure 21 is

o o BXIOXTBINE _

PPLT 06 K (2,000 X 0.39

10,610 pounds per sguare
ingh

WOLK 'O PHOPORTIONAL
LIMLT

The work Lo propuriicnal
limit is cquivalent to the
energy of the drop thal
stresses the picee to the
proportional lmit. Irom
formula 14 (p. 98), the
work to the proportional
limit for the test spectaen
of figure 21 is

;o L GOXTES o
Wi =ggGasca =301
ineh-pounds per cubie ineh

HEIGHT OF DRQOP

The height of drop is
recorded us the maximum
dropof the hanimer eausing
complete failure of the
specimen, or causing o
t-tnch  deflection.  When

"

R —

et
— X

;725 45678 9w

o
4
Fiauie 19.—Record taken on the drum of the hupset-hending :m:\-

chiue !n testing morthern white pino in » preen condition.
nnsimum drop of 14 Inches I3 recorded.

it is necessary to use a hammer heavier than the 50-pound standard, the height
of drop is converted to the equivalent value for s 50-pound hammer.
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Pz 500 {Ravbed Jan,

L2315 £-12 IMPACT BENDING ' _”zquﬁ.»:}__
(lat, ¥,
ey s . Station MADISON  Dats AUG. 0. (24,
{Tirw No,} L Mark) { vkt Ko,y
Specien . BPUGLAS. FIR Grode LLEAR_, Seasoning PEEEN.
Hings ... 4 Sup .. L00 % 5 wood i3 e o Moleture _6LF..._%
Hammeer 80__ . 1bs, Spaw 281N Length 20,34 1Y, tetght R QOLN: Widih ZOCIK. wweight J3706
l:‘-;v Dap Tur, (bu)z Bzz. } l;l":? Coop D, [ier}d Brt, gﬁg,;,)’(c; 0.6948
1§ 4o (043 joei7 13t /2.0 | 0.50 [0.250 T T
2120 |gus loga 11 a0 {055 |o30z . SR R
3130 |0.22 lgo4a 113 | /6.0 1 062 |0.284 E£0p L. /0610
4 | 4.0 1026 10088 1w ts80 togs tnsoz: Mo, JI776
5150 ) 030 |aose i s | { : ! go, 13,5
¢ | g0 [0 lons ) ’ " Sax, Prov, 122 IN.
7| 7.0 1036 \os30 d a1y : ;"* oo
8 8¢ |o3s |loigq 18§ I } i : -
8| 50 | 043 |0i85 Wt I I H 7.88
wlipo ! ogs 1p242 o | ! i : a 5.39
Falture: COMPRESTIGN FOLLOWED BY SPLINTERING TENSION _
Fiouse 20.—Sumpla compuintion card for impoet-bond!{ng tesd, &—1431
Timbtr Tast Loy Sheat

U. 5. DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Prapet Na, _ 33X

Woerklag Pun Mo, {2 Statton MALISON | Dme . SN NalsBPE . Suck i, £42,
Lebwrarpiy Mo JOL1TF PFiace No, 1 Mok L ___
Spedes LOUCLAS F1R T ]
Hind of tent LHLBACT ZENDISG Mot tead
Crade LELAR . J2T Ok w mess fead
Gromp o oo lesd &t P L,
Loodtrg CENTER b og e
Spam KA 4H. Mes, dep 22 [N,
Distgrce brtwsan colfare _mm—o— '
Welh afplits oo Y
M hd
Speed o mewch s da par min 26,
Watghe of hommey F0 48,
Heighe . 200 1N 24
Width _20¢ (Y .
Langth _ZROL N Sn
Crusr metian — % 2
Wege L3706 8
Rings posdmerr 8 5,20
Sap __IOCX a,
Semmerassd _J0X 3 [£-] .
] irg _[EREEN -]
Motwwe _ELd X i o
Kind of tailus COMPRESSION /’
FOLIOWED 3¥ SPILINTERING
TENSION 14 4
Remorky /
12 /
Shazh 0 / o
I S a
N 4
va
I, W At
e — st
q
2 A

(4
¢ 005 O/ Q45 020 Q25 QN 035 a40 045 050
SQUARE OF DEFLECTION QNCHES
Fioune 21.~Dsta sheet for Impaot-bending test.
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COMPRESSION PAHALLEL TO GHAIN

In the compresasion-paralicl-to-grain test
a 2- by 2- by 8-inck block iy com-
pressed In the direetion of its length (fig.
22y at a constant rate (0.024 inch per
minule), The load iy applied thruugl]: n
sphiericsl besring bloek, preferably of the
sugpended  self-aligning  type, to imsure
uniform distribution of stress. On some
of the speciinens, the load and the def-
ortnation in A G-inch central gago length
are rendd simultaneously until the prepor-
tional limit i ]mssc{l. Tho test is discon-
tinued when the wmaxiimum load is passed,
sunck tho failure appears. Figure 23 is a
sample data sheeb on which tho test read-
ings uro plotted and figure 24 v o sample
computaiion datn card.

£

iy ! + t ’
FALE = [NENET

—

e,

e

§

-

An allernate form of test speeimen hag  Fiecre :.".'.-Dlurimnuuutm sketeh of compress-

a cireulnr crogs seetion 13 inehes in dinn-
eter exeept at the ends which are left 2
inches squars (4).

ometer und tnat
paraliel-te-gruln toals,

104l of condueting comprossion-

This specinen requires less exaeting teehnic than the square

prism, {o gob good results fn testing, but is less simple to prepare.

U. 5 DEPARTMENT OF AGRICULTUAE
FOREST SERVICE

Timber Tari Log Shan

Anp Mo L3085 Suek o £23
Puar e —7 ___ Mey Ao

Prajoct Mo 124 __
Wertking Plan Mo f24._ Sewian MALISAN _ Due
Labaratery No (1329
Spoiws LOVELAL EIR 7T T T T T
Kind of peut COME P42 TR GR. Maw fead 16 000 L8
Crade CELAE 320001~ Deb st mus land
[T g—— Lead = P, L 15000 L8,
loeding e gppggl- PeR @ P b 00152 I,
Spen = e Max, drip
Didamcs betseen eollary m_ o
Widih of plae SR il
Machine M 040
Spand of mack BOTL in pov min  DEOOG
Waight at hammey =
Helgh ——. 26000/
Wi ——
Langh L2 N
Ciows sactiun LIT IV L2000 V%Y
LR 4 & R—
Rings pav luh_l’___.._.....% LOPO?
Sar -3
Swamyr woed 25 FA a 18000 Iln
Semvine SREEN o /]
Motsturs 287 % T
Kind of tuitees CRUSHING T 70
‘ v-zé:-_-_‘ 14 740
Remhe
tooao
Shtch 10000 ﬂ _
s000 i
- ' 6000 ]
4000
egne

0
¢ Gm 362 00X GO4 Q05 406 Qo 003 00F 242
COMPRESSION (INCHES)
Fiotne 23.—~Daotn sheet for compression-parallel-to gralo test,
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e, COMPRESSION PARALLEL TO GRAIN

~FE -
iy ety AT
iy e Settor AAOLO .. Dote UG ... il
Specler .. 2 GLAS. LR Grals CAEBR. Swmntng AREEN,
Rings & Sep .ol % 5 weod 28 % Maittat . BB T,.... JU— 1
Lengh oo L3 E A s Cross sactisn e L FTIN . X200 2K, Weight .. 88T (e oo
Brocvie QmavTy ) ST
m Mk, Loan CRysH. BY. 4t P Lo | Max. Oz, By, M.orE. Loap AT PL Dar A7 P.L.
0556 04320 . 16000 3810 4060. 1. {107 15000 | 0.0/52
Defects oo«

Foiture . eRUSHING AT TOF

Fragee 2h—Sutplo coraputstion eird for compression-gmrulivi-to-gmin Lost,

Dnatu on stress at proportional limit, stress at maximum load (naximum

!

crushingstrength)andinodulus of elastieity

nreobtiained.

Thedataon modulus of claa-

ticity from this test, however, are not in-
clnded iu table 1.

BTRESS AT TFROPORTIONAL LIMIT
When the simmultaneous readings of load

=

4 f
i

2 3
1

!
SCALE -

1
INCHES
Frouvns “3.~Method of couducting compression-perpendicuior-to)

gradn tost,

and compression arg plotied asin figure 23,
the firat several points are appraoximately

on a straight line, The
paint beyond which the
compresgion ineresses ab
imore repid rate than the
lond i the proportionsal
limif, and the ascompany-
ing stress is the siress ab
proportional limit. Prom
formula 15, (p. 98), the
siress at proporticual limit
for the test specimen repre~
sented by figure 23 i

15,000
SPL-‘-‘:WOﬁ—?p,SIO

pounds per square inch

MAXIMUM CRUSHING
ETRENGTH

Thoe maximum erushing
strength is computed from
thesnme formuis as stress
atproportional limit, using
the maximun load instead
of load at proporiional
limit, Jrom formula 16,
{(p. 98), the maximum
cerushing strength of the
test specimen of figure 23 is

8. = 15,000
TLETX2
pounds per square inch

=4,060
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COMPRESSION PERPENDICULAR TO GRAIN

The specimen for the compression—Bcrpcndicular—-to—gmin teab is 2 by 2 inches
fu cross scation and 6 inches long. Pressure is applied through an iren plate 2
inches wide placed across the centar of the specimen and at right anpgles to its
iength (fig. 27). Hence the plate covers one-third of the surface. The standard
plaeunent is with the g-owth rings vortieal. The rate of descent of tho movable
head of the testing machine ig 0.024 inch per minube. Simuitaneous readings
of load and compression are taken until tha tast is discontinued a6 0.1-inch com-
yressign.  Thoe principal properby determined is the sbress ab proportional limit.
Figure 25 is o sample data sheeb snd figure 26 o sample computation card for
cotnpression-perpendicuinr-fo-grain tesh.

BTRESS AT PROFPORTIONAL LIMIT

Pigurc 25 illustretes & load compression eurve. The proportional limit is
located ns indiented from the struight-line porbion of the gurve. Trom formula
18, (. 9%), the stress at proportional liait for the test speeimon represeined by
figurg 25 i

2000 .
] 3 4
Spr, 3301 468 pounds por sguare inch
U, 5. DEPARTMENT OF AGRICULTURE Timber Tert Log Sheat
FOREST SERVICE

Project Ve 220

Warking Plen Nw, L84 Statien STRPLION | D Ship, No LoFIE _ Suck Mo Exif

Ladstctory No, JOLISD Preca Moo _f . Mork H-2._
Spetrs ROUGLAS £1 ST T T T T T 1
Kind of rou £0ME LERD TQ R, M f#ad LOAR AT G082 TN CONME =4000 L8,
Coede _GLEAS  E400r— Db ot maz, Tead +
Growp —————= Lond o P, L. 2000 LA,
beading = o - coophe- el ot P L
F I R I — Mez. drap
Digtamcd brturdgn collemy —oe—e o
Wik of Muie 3 F600,
Muchine _ﬂi'_fﬂiﬂ____
Sared oF moah @22 Bir min 200
Waight of hommer _————
Hatghe _ 2,00 IV, 2400
vrah _ 200 (N

Lawth _S0Q I
Crnat yoctlan

Wegy 283 G

Rirgs pur tweh _ D RN000 4
S 190 % §
Fumer weed I8 2% & 3500 l —
Simsning _GREEN g °
Metstwa _ 6.1 % @ _
Kiad ot {aitery 3323' /
. o

2840 =
Remaedy Q

2488, L

Sheteh . F

w4
/
!

Sao

C
A00—C

=]
ot /
6 00 002 005 004 005 D0 007 008 009 0.0
COMPRESSION (INEHES)
Fioyng 20.~—Datn shoet for compression-perpendicular-fo-graln test,
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Form e
(Rovbt Janmy, )

L35 _E-ll COMPRESSION AT RIGET ANGLES T0 GRAIN o:giféx}?..
{Sh1p. Ww) {3kX No.)

-T,;E.m ‘-%fﬁ‘,—" Station MADISON Date AYG- 20 ... "{;;Eﬁ;%;"}—'
Species _DRUGLAS. _FIR, Grade CLEAR. ... Seasoming GREEN . .
Rings .. 3 Sap...lo8 % Summer wood I8 .. 7 Moisture., Génd £
Widihof plate . 2.(X.... Length GO0/, Height 200 1% Width 2,00 IN.. Weight 289 ..
:::“:-"l";'; Lenar vt Casex, Bt ev i L a+y

{2‘231‘%5.2.. e B RRE, 498

Fiounk 27, —Sample computation oed for comwpmssion-perpend{eufar-to-grain test,
HARDNESS

Hardness is measured by the load required to embed a 0.444<inch ball (fig. 28)
to one-haif ity dismeter in the wood. ?The diameter of the ball is such that its
rojected arem is 1 square centimeter). The rate of peneiration of the ball is
.25 in¢h per minute. Two penetrations are made on each end, two on a radial,
and two on a tangential surface of the wood. A ﬂ;[)ecisl tool makes it easy
to determine whea the proper penctration of the ball has been resched. The
accompanyiag load is recorded as the hardness value (fig. 28),

JEALE = INENET
Fravas %.—5lelhod of conducting hardness tast, Figury 3¢.—Method of condueting shear-parslisl-
tograln tast,

SHEAR PARALLEL TO GRAIN

The shearing—pamllel—bo—grain iest is made by applying force to a 2- by 2-inch lip
projecting three-fourths of an inch from the gide of a block 234 inches Jong
(fig. 30). The block is placed in a special tool having a plate that ia seated on
the lip and moved downward at a rate of 0.015 inch per minute. The specimen
ig supported et the base go that a ¥-inch off-set exists between the outer edge of
the support and the inner surface of the plate. The improved shear tool bag
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rorgost
e ) HARDNESS
T 72T et 1 W ACLTE
{3hip. Na) (Atkch No.} [Lab. Na)
i q-4 Station MAZLSON. Date UG 20 . LR% ..
{Fecs Koo) M ark) {¥rojact No.)
Speetes. POUGLAT  FIR oo Grade CLEAR ., Sectoning.. GREEN.
Rings.....B Sap %z 5 wood 33 . % Meistere T T o....%
Length e Bn B Ao Cross soction_ 200 (N, _x_ Z00UN... Weight. . 288 G
BKxtca.
MranntoSaniTe. Rahisk TamganTiat Ko
A Tﬂl.] o nq_ Humraca EFarace BURFACE.
H 220472460 s70 | 525
2 520 460 |_ s00
5 i__ste —
1 |50
Avo., 480\ &5 | 54
Ave. ok ann Tama., 802

Fioune 29, —Samplo compristion ward for hordness fosl.

roller guides to reduce the friction of the plate, and an adjustable seat in the
plate to insure uniform lateral distribution of the load.

Specimens are cub so that s radisl surface of failure is obtained in some
and a tangential surface of failure in others. The property obtained from
the shear parallel-to-grain test is the maximum shearing strength.

MAXIMUM SHEARING STRENGTH

The maximum lord required to shear off the lip of the specimen is recorded
in the test. From § -mula 19, {p. 99) the maximum shear strength for the test
spectmen represent by figure 31 is

_ BR00 .
Ss_2.02><2.01"'887 pounds per square inch
mm::C »
i . TRNGEXTI]L .

LU <17 AL SHEAR 101189
{Mlp. W} (i Na) {lab. Mo}
ek €% . Siation..MADISON Date AU 24 R L
Fi -3 %] [ Mark}) . [ProjectNo)

Species . DOUGLAS_EIR._. Grade LLEAR, Seasoning - EREEN
Rings .. & Sap__75..__g Summer wood_30 . & Moisture 800 .3
BEzaring AX3e Max, Laud BAELzInG 3T, TiMn ) axFTeE
_2,{242.&2.-9_{_ .....3509 887 — {
’ e

FIGURE 31.—Sample computation card for shear-paraitel-to-gralm Leat.
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CLEAVAGE

Thecleavage test s made todetermine the
resistance of wood to forves that produce
a gplitting action. The speeimen is 2 by 2
incnes in cross section, and 3% inches in
overall Jength, with o cleavage scotion 3
inches long. The forces are applied with
speeind grips as shown in figure 32, the rate
of motion of the movable head of the test-
ing machine being 0.25 inch per minude,
Tesls nre mudo on some specimens cut so as
to give a radiul surface of failure, and on
otlicrs cut to give a tangential surface of
failure. Tho value obtained from the
cleavage test is the load {o cause splitting.

The maximum load causing failure of the
specimen is observed. From formula 20
{p. 99}, the load to eauss splitting, for the
specimen represented by figure 83, is
??E: 182 pounds per inch of widih. Fievan a2 —Asthed of conducting clonvage test.

(T yh‘:??)wm 1 R AGE
°' “ merser etk CLEAV
A LN i {400 LELETT

Sl Weu)  (Stich Nov) (Lah. o)
SVVY SRR 4~ ¥ MADISON
{Flrcw B (Al Station Dafe-ﬁf!ﬁ:.z& h(‘l%ji:?}-{-;)"

Species . LQUGLAS. FLR. Grade LLLEAR. Seasoning EREEN. ...
Rings eeooBoonee e Sap TS, Surminer wood 0. % Moisture . 3e6......

e
AGALE renemtd

S(‘L ==

Awiamt WibTH. Lixars, Mar, Ease. h‘{‘\.:;‘"‘rf""" aRTTON,

2.0 2.98 365 182 J f’l
\ ~

Fiarne $3~Sanple computation card for cleavare jest,
TENSIGN PERFPENDICULAR TO GRAIN

The feasion-perpendicular-to-grain test
is made to determine the resistance of
wood aeross the grain to slowly applied
londs. The testspecimen is 2 by 2 inches
in eross section, and 23 incherin over-all
length, with a length at mid-height of 1
inch. Theloadigapplied with the apecial
gripsshownin figure 34, the rate of motion
of the movable head of the testing
machine being 0.25 inch per minute.
Some specimens are cut to give a radial,

and others to give a tangential surface of faflure.

MANIMTUM TENSILE STRENUTH

The maximum tensile strength is the enly property
evalunied. From formula 21 (p. 99} the maximum
tensile strength (perpendicular to the grain) for the
specimen represented by figure 35 is
F:Gt;slu; 3~ L\Inlho:l u!cumllucllu‘gmn- ka3 o d inch

an-perpeadicalar-to-gmin test. TPy IR 0.67 273 pounds per square inch.

.t
T
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aeiibe) )__ £ .. TENSION PERPENDICULAR TO GRAIN

L35 E-12 0088
(Ehp. Hed Tk Moy {Lab. ¥a.)
o v ol Sttt MADISON Bate UG 2, 124
{Fiwe Hog (gark) TProjeci No.)
Specias DOHCRAS IR . Grade L EAR.. Sesoning. FEEEN e
Bingt.o o Boieea- Sop_ B2 % S wosd 30 % Moisture....94.8 %
Hesouy. Witrru, Lamgra. u;_:l‘n:" !AE::':;'&. darten.

2.0/ &.37 533 273

Fiavur B.—Sanpin eompnintion card for tension-perpendicaise-fo-grain lesl.
TENSION PARALLEL T GRAIN

The tension-parallel-to-grain test is made to determino the resistanece of wood
to slowly applied loads acting along the grain, The test epecimen is 30 inches
long (fg. 1). The specimen is supported by the shoulders near the ends. The
rate of motion of the movablo head of the testing machine is 0.05 inch per minute.
Simultanecus readings of load and of deformation over & 2-inch or 4-ineh gage
length are taken when it is desired to determine modulus of olasticity.

MAXIMUM TENBILE STRENGTH

From formula 22 (p, 99), the maximum tensile strength parallel o the grain for
the specimen represented by figure 36 is

2,085

B T e 2 i -
Srra 54850253 8,820 pounds per square inch
Form si-b _ TENSION PARALLEL TO GRAIN
wti2e L3 32170
(Ealp. Na) Mk No.) {Lal. N&-}
£ a Station MADISON Date 124
([ Place No.) {Mwrk) (Erohect No.)
Spreier, LOBLOLLY PINE Grade CLEAR. _ Semsoning AREEN.
* Ringn. [ Sap.__ 102 %S wood__ 35 % Moisture 29.3 - %

Bxxru

Croas Section Lanota ngfg" m".'",?;':.'u [:CED E
(485 x 0482 2085 | aszo CI—z—1]

—=—1
! ————

FAILURE: SPLINTERING TENSION

Finvkk 3t—=Sample eomputation card for tenslon-pazallel-to-graln lest.
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LINEAR SHRINKAGE

Shrinkage mneasurements are made to determine the change in dimension with
change in moisture content. The test specimen is 1 inch thick, 4 inches wide,
and 1 inch in length aleng the grain. Two specimens are taken from each tree,
one for measuring radinl shrinkage, the other tangential, The width is mensured
in the apparatus shown in figure 37, which employs & micrometor reading to 0.001

Frayne 37,—Methiod of measuring lnear shrinkage,

inch. The width of the specimens is measured when green, and after oven dryving,
In some instances mensurements are also taken at infermediate stages of drying.
The linear skrinkage from the green to the oven-dry condition is the original
width minus the width when oven-dry, divided by the original width, Thisratio
is expressed as a percentage.
Frou: formula 23 (p. 99, the radial shrinkage for the specimen represented by

figure 38 is
» _ 4.006—3.808

r= 006 X 100=4.9 pereent.
Fosm 541
SHRINKAGE—-RADIAL AND TANGENTIAL 101 200
Lo 215 - 1ot 199
Tame m3.) (nreen wod Tuas, not}
Y P STATION-MADISON. WIS: 124
lraace mo} [ ) Cmasnct o)
wrecies ., POUGLAS , FIR
NOMINAL 3ITE OF B N LN X RIN X TIN
fraseming DATE p:-l.::m - o wum- .‘.I.le:':- '-:m' nmt:wl b ll-‘llml
MER WoOn
RADIAL
ameen ... "y EY) 21 | 4006 a5 | 6.5
OVEN-DHY 3808 | _729.9 +.9
TANGENTIAL
aneen __AUEL /2 95 1 3¢ | 406l a0 | 1194
ovenory [OCLS, i 2632 29.2 8.5

X BASED DN QOHEEM WIOTH
Frauue 33.—8ample computation eard for Minear shrinkage measuraments.
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SHRINKAGE IX YOLUME

Shrinkoge-in-volume determinations are made on specimens 2 by 2 inches
cross section and 6incheslong.  Volume measurements are made by an immersion
method (fig. 38). Thespecimens when oven dry are dipped in hot paraffin before
immersion to prevent the absorption of moisture, the oven-dry weight being taken
before the paraffin iz spplied. These final meagsurements afford dats for com-
puting speeffic gravity based on volume when oven dry.

=

=

Fioung 39'-—'—-\Iethod of delerintlning volume by meens of immersion,
aJrm i SPECIFIC GRAVITY AND VOLUMETRIC SHRINKAGE
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aneen 5 20, 8 282 .2 |_298 |oaz71 3961 3.8
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Sven oy \SER 24 8¢ 245
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FIoURE 46.—Sample computation eard for specific gravity and velumetrio shrinksge determinations,
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From fermula 24 (p, 99}, the shrinkage in volume for the specitnen represented
by fipure 40 is
_ 398—343

398

STRENGTH AND RELATED PROPERTIES, BY LOCALITIES, OF WOODS
GROWN IN THE UNITED STATES

Fy X100=18.8 percent.

In table 1 only nverape values for each species are presented. Table 21 records
the average values, by Jocelities, of the several Jots otp materinl comprising the test
specimens for ench species. These values were combined to form the species
averages of table 1, II)n forming the averages given in table 1 each value in table
21 wag weighted according to the number of trees listed in eolumn 5 on the line
with " green’’ in column 4.

Tho values given in table 21 for dry material are those for the moisture content
prevailing in the materinl at #ime of test, and comprise the basic dats. Because
of ditferences in moisture content, vaiues given in table 21 for different lots of dry
material are not directly comparable but those for green materinl afford an oppor-
tunity for compuring localities.  With the aid of the data on variability previously
presented and discussed (p. 17}, it can be estimated whether or not differences
among loenlitics with respect to the strength properties of a species ars significant
and thus eau be decided whether one locality is {0 be preferred as & sonree of &
supply of the speeies under cousideration,

mportant features in which table 21 differs from tabic 1 are the following;

1. “T'he data in cnch pair of lines represents material from g single county or
other loeal subdivision.

2. For ““dry " wood the specific-gravity value given in columu & and theo virious
strength values listed have not been adjusted to & moisture content of 12 percent.
a8 have the corresponding figures in table 1 but are the actual values ns found
from the tests. The values of moisture content in column 8 apply to specific
gravity (column 9) and to the values in columns 24 and 25 under compression
parullet to grain,  The actual value of moisture content at which other tests
were made differs onty elightly, usually by a fraction of a percent, from those
given in colamn 8. As msy be noted, the moisture-content values for dry
materisl vary over a considerable range. ‘This variability is for the most part
due to ynrintions in the conditions under which the various groups of materinl
were dried. These moisture-content values are accardingly not those to which
the various species or groups of material would be dried by any one seb of
drying conditions. Under continued exposure to an uuchanging combination
of temperature and relative humidity wood reaches a fixed moisture content
koown as the equilibrium moisture content for that combination. Values of
equilibrium moisture content vary ouly slightly among different species.

NOMENCLATURE OF COMMERCIAL WOODS

The names of lumber used by the frade are not always identicsl with those
adopted ns official by the Forest Service, Where the names are not identical
some confusion may result. Table 22 has therefore been prepared to ehow the
standard commercial names for softwood lumber as prescribed in American
lumber standards and the hardwood lumber names current in the trade together
with the corresponding botanical names and official Forest Service names used
in this bulletin,
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TasLe 22.—Nemenclature of comntercial woods

Commercind nante

Dotantea! narie

Torest Servica name used In
this bulietin

NARDWO DI
Rid whider ... PR -

Oregen 850« ovmamnas
ASPelieecoann

BassWoudocae i ianr e m mm s

L TP
Dlreh..

Tapor blteh... ceemocenmaamin

Alnska Lirgho. ...
Buckoyo.....

Tutternut .. .
Codalpi ,eeae -
CUETTY . o v vumwans
Chestnul. .

Chinnuapin.
ek cottonwoutle . oy aanaeaaaa-

Culionwoml .

Cucumber.....
Dogwood . cv v cecvaenes

Rock alin, ocomveunens

T B P wrempnnn
) £1 T 1] | PR,

TRed pum (henrtwood only}b. . o....

Bap gum (supwomd only)-_ ..
HeckberTy

bR L 157 & G S,

Alnga pubre
Al rhamblf .
Frarfaes qinericana e
Frozinus bBHBoreang. . e e -
Frozinus peapsyleonica lenceofaba.. ..
Frariing peanapltanicaon e uaman . .
Frarinus gundrangniaba.
Fratiiny W v amsmmmn-
Frarfnus OregonG- .
Papictues bremidoldes_
Popufus grandidentate ... ...
Tilia phalrte e e
Tilla helernphplin o o oeeeinaanns

Fagua gradifollt e paeeeee. o Lvmmas

T LT W ——, T,
Bl e e ecaaae e
FESTTT R 1) SN [ .

Dol pappriferenee. <o aesmnamas
Deludin popuflifolit . ooivanan o
Hrlwlda ReRapi. e imcraeea o -
Arscudus oobamirs ... caee i aaeay
Aereninyglobra oo oL L
SIS TR e
Criaipn apeciom. . ...
I gerafine, o oaaeaan -
Carlonet et e cvar -
Castaries Meiiifeeeeceeae.e . -
Cosfnpopsia chrysophgliin.
Papuius trichocarpin. .. ..ol
Popudea irlchacerpa inalota .
J’Dpuh:aﬂmrdml?nﬁi_ ——n -
Populis fremontil s
DPopuing deliohdes virgininna
Populus deterophyiia.. ...
Popuins balsnmifera_.
Populics deitoides___
Poputux sargentii.__
Maguolia aciminate..
Carnus florida._. ———
Cormita AnHalifioe o cceener e evame -
Lifmus racenosa .
Ulviened amerloant . oe o oeen P
LUl fritea._.
Nyara syiraticn.
Nyssa Biffora . _ooensam
Lignidawmbar siyreciffee..
Ligwdamber .straciﬂua__
Celiia pceidentnlis

Cellis faevigate.
Hicoria orls. .-
Flicarie lacindarm.
eoria af
voriz glabra
corfa@ cordiformis. .. cuennnn
Flivorin cordiformiy elovipala ..o ..c
e 0paed. o eeeimceem e inm e .
Osirya gyl .

BPlack locust. ..
Honoylocust
Madrono. .
Magnelis.

Hard maplo. OO

Solt maple

White maple (unstalned snpwood).
Oregon et oo e ———

Red onk

Krugfodendron ferretm .« oooeeaoooan
Robintie prendoncaciie oo ee cavuener
Cleditsic triccamtho®. amenenoanan
Ll vty menziesH_ oo coooooonas
Magnodio grandiffera_ ...
Acer paecharum. ..
TR 1 5
Jleer snccharinum. ... em——
Acer rubrum. e acamaas
Aver 3accharalh. .o voavenn
Acer macropAylum. ...
Quercus boreotis mazimi.
warcud boreats.
werous befnling
erend shremaridfi.
eroud feratia. .
ereus pafusiris_
ercnd phelios. ..
cut fourifolin..__
eTeHs TubrE. o
ercud Tehre pagodacfolia. o

T 1 I
uercies effipsoidaily ooeenoan

Lereis
Quercus marlaRdled v eercee e

Red plder.

Whitae nlder,

Whils nsh.

Biltiors white ush,
Urecw ash.

Rpd nxh,

DBluo ash,

Hinek nsl,

Orepon ush.

Aspen.

Larpetoath nspen.
Tosswoml,

Wil basswaod,
Tieech.

Yellow bireh.

Hweet hirelu

River hireh,

Taper birch.

Ciray birch,

Kewnl biret,

Yellow huckeya.
Chilo buckeye.
‘Butieenud,

TIardy catalpn.
Black cherry.
Chestout.
Chinmuapin.

Oolden chingungin.
ek cattenwooil,
Nuorthern black eotlotwoud,
Afactfougnl cotlonwomdt.
Cot lonwood.
Sotrthern cotlotwami,
Swatip cotionweotl,
Balsam poplar,
nstern cotlonwonl,
Coltonwood,
Croeumber magnolis,
Tropwood,

Precifle dogwood.
Rack #itn.

American elna,
Slippery elm,

Black guil.

Swainp black gum.
Red fum.

0.
ITacKberry.
Sugnrhnrr{.
Bhagbark hickory.
Bigleaf shaghark hickory.
Mockernut hickory.
Pignut hickary.
Bitterput biekory.

Da.
Ho‘.iﬁ.
Hophorobear,
Black ironwogd.
Black locust,
Honoylocust.
Taclflc medrons.
Evergreen magnolia,
Sogar mapla,
Blnck mapla.
Silver ma lple.
gted wap el.‘3
Sugar maple.
Birlea maple.
Red pak.

Do,
Black oak,
Shumard red ok,
Texas red onlc.
Pin ank.
Willow oak.
Laure] onk,
Bouthern red ok,
Swatnp rod oak.
Water gak.

Tnek gak.
Bcarlet onk.
Black)

ack ok
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Nomenclature of commercial woods—Contimied

Couwnvreinl nuina

Dotanlieal natne

Forest Service neme usad In
this buliotln

HARDWOUDE—continiiod
Redork.. ...

2 Y

fdve ok m———ae —

O T T SRR
o

L4 R

Torsimmon. .. ...
Sussnlms, ... .. -
Bitverbeli. .. _ . .
Sycamars, ...
Tupele.. .
Riuck walnul _ .

Wiow._ ... ooeeea. -
Yullow popiar.ceceues o L.,

HFTWDOL

Alnshin codnr.. ... Jo
Enstern red cedar o, .. ...

Ineonse CoBaT- o yemne oo
Northern white eedaro .. ... .. ..

Port
Southern white codnr. ... ...
Westery juniper. c.ocao ool oL

Western red cedar ...
Red cypross (coast $¥po)

(e I T S

Yellow oy press Cialand type)_

Whito cy{:msa {intand typo)..
Drougias fir...

Red fir ‘(intor ocuntain ty:
Red fir

Alpine fir_.

Mountain hemlpck.
West cpast hemlock
Western: [nech. .
Arkarsas soft pin

Idsho white pine

Jack ploe. .

Loblally ploa.,

L(xlgemlsfpin

Longlenf pine. oo ...
North Carolinn pitte. ... __.

Norway ploe
Pond pine..
Penderosa p
Pobdosn plae.

)
Rocky Mm:utuinlt)g'po) ..

Quiercus Keflogpl ... _____. PR

é-uercua cafesdael.....

rercus afba, ..

gumus stellata__
uereus iyrata., .

Quercusbivolor ...

ereus muehlenbergit. .o

LeTCUN GATTYIRE ... .ooe

FELTCUS BINGES. o e

SLrCuE monianag

FUCFCHE MACTOCAT PG o v e e .

FaXal nF ok ¥ o)

preereus wisticenii. . o one oo oae oo
Quercus agrifolia. .. e rmicimieaaaa

%ﬂu LG o SN
48 trgind .
lon potiiferum

Iieora PeeaR vy cv aaun

Hicora cordiformin. oo .
Iirora eord iformis elongate
IHwapyros ofr 7 inf
Soseafras vartifolinm.,
{ {g!esiu mrof_i:;u .

Nyssg aguatica_ ...
Treglens nigra,

Chamaceyparis nonthat
Juniperus virginiona,
Juniperis !
Juniperus mexfcanal -
Libocedrus decurrens. .
Thujs occidentalis_ ...
Cha yporisd fana
Chamuecyparin thyoides
Juniperus ulahensiz ... _
Juniperus bockyphisen.
Juniperus seoptiorum._ .
Jutiperus occidentaliy_
Thufa plicaie

Tarodium distickum

Tazodinm distichum. ..
Paeudolruga tarifotia
tarifolin

|

¥ dotsiga terifolia. .

Ablex lasigcarpe

Ablex arizonica

Abfes batsamea.

Abies fraseri

A bdles magnifica._.._____ feemmtaccmaa
Abies hobifix. .

+ iy

Abica g
Tuga canadenisiz

ferens utahensis. ... FEFPCORERI I 1

Californin black oak,
Turkey oak,
Whiie osk.
Post ook,
Overgup cak,
Swamp white oak.
Chinquapin aak.
Oregon white oak,
Bwamp chastaut oak.
Chestout gk,
Buor oak.

ceky mountaln white ouk.
Highlor:! live oak.
Const livo onk,
Canyon live cok,
Live cuk.
O35ga-0range,

BCAL.
Bltternut hickery.

(1Y
Porslinmen.
Bassnfris,
Bilverbeli.
Sycamocre.
Tupelo gum.
Bisck walnui.
Black wlllow.
Yallow poplar,

Alaska cedar,
Eastorn red cedar.
Southern red cedar,
Mountaln pedar.
Incense cedar.
Northern white cedar.
Port, Crford ceder.
Hcuthern white cedsr,
Utah Jualper.
AH!EM.OI: hunlper.
Rocky mountsin red cedar,
Wastarn junlper.
‘Western red codar,
Sonthern cypress.

a.

Itg.
Douglas fle.

Alpine fir,
Corkbark fir.
Balsam

T.
Bouthern balsam fir.
California red fir.
Noble fir.

Bilver ir.

Whits fir, )
Lowlazd white fir,
Eastern hemlock.

Touga ¢ T
Tauga merlengiana

Pinuetoede. ..
Pinus conforia
Pinus poluatris__
Pinur taed
Bisiie echinal
Pinue meging
Pinus atrobug

panderose. ..

| Pinus ponderosa.. ...

Bhortleal pine.
Lobiolly pine.
‘Western white pine.
Jock qine.
Loblolly plne.
Ladgepole pine.
.L,onfleaf pina.
Lobloily pine.
Shortleaf Dice.
Yirginla plne,
Worthern whits pine.
Norway ploe.
Pond ploe.
Pondercea pins.

Da.
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Tavun 22.—Nomenclature of commercinl wosds—Continued

Cuomrorelal nama

Botunival naue

Forest Servico neimo used jn
thls bulletin

SOFTWOONN—Oont intod

Shortlend plne .

Blash pi. . eeoaenas e
Southerss DI o ovrnaeas s

R Tor] oY
Heviwood . ooamee o —————
o H ST T

ot ELTTHHTEC Y 1121 TN
LTSI T T
TanaCk ., .. aes .

Faclfia yow. . ..

Pl echinata

d2inws cariboen. ..
Plunataedn ., .o
Piavy puivsdrie ...,
Piausrlghic serolina. ...
Hinns echinmia ...
Pinus caribaen. .
Pinwsrighia..
Pinuzgindbra_,
Pinnts lambertiana_ ..
Seqatolt serperviresy |
Peea werinng.. ..
Pheeir pribrat
Hleit platten.. ..
et engelmannii_
Pleca prngens....
Dleen sitchennis. ...
Larkr tricinn ... . . -
Farus bravifolio .. o i i,

.| Lobng

Shigrtienf ping,

Slush Plnu.
¥ pina.

Tonglea! pina,

Pond pine,

Shortlonl ping,

Slish pine.

Pitel pine.

Fruco pine.

Bugnr pino,

Toctwaad,

Llnck sprnes,

Haid sprues,

Wilte sprice.

Eapolmann spriee.,

Iius sprace,

Bitka sprure.

Tonagnek,

Pucifo yow.

FORMULAS USED IN COMPUTING

LEGEND

Ser=strength in clervage, pounds per inch of widtl.
Sp=stress at proportional limit, ]paunds por square inch.
1

rp=stress in tengion perpendinu

ir o grain, pounds per square inch.

Srpa=stress in tension paraliel do yrain, pounds per square inch.
P =load ab proportional limit, pounds.
P=maxinuun lond, pounds.
L2=modulus of rupture, pounds pur square ineh.
S,=shenr stress, pounds per square inch,
M =hending moment, i1y inch-pounds.
S=cowputed unit stresy, pounds per square inch.

. . o b
J==momecnt of 1::9rtiu,mches'(for arectanguiar beam I=-5- )

x&

=distance from neutral axis of beam to extreme fiber, inches.
V=total veriieal sliear nb any cross section of & beam, pounds,
L=length, inches; in statie honding, L=span, inches.

b=hreadth, ineches.
d=depth, inehes,
y=deflection, inches.

by o= width of speeimen when green, inches.
bo==width of speeimen when oven-dry, inches.
Ky=volume of specimen when green, cubic inches.

Ky=volume of specimen when oven-dry, cubic inches.

G =specific gravity.

T =work, inch-pounds per cubie inch.
Wp = work tuv proportional fismit, inch-pounds per cubic inch.
Wy, =work to maximum load, inch-pounds per eubie ineh.

Wr==total work, inch-pounds per cubie inch.

E=modnlus of elasticity, peunds per square inch.

A=ares under direct stress, square inches.

H=head or toial drop of hammer, plus impact deflection, inches.

W=weight of hammer, impact bending test, pounds.

a~——im¥act deflection plus static deflection (€.01 inch).

1

Fp=ra¢

al shrinkage from green to oven-dry condition.

Fr=tangential shrinkage from green to oven-dry condition,
#y=volumetrie shrinkage from green to oven-dry cendition,

128555°—25——-7
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BENDING (SQUARE Ot RECTANGULAR BEAMS)

LGAD AVPLIED AT CENTER

IX XL
Bpa =5 b dt . m
IXPXL
R=355E 2
R .
E=gxXoxX Xy (3
IXP
. P
Wr=oRExXdxX L (s)
aren under eurve o maximum Joad in inch-pounds
Wi, bXAX L (6)
. total area under eurve in inch-pounds
Wz bXdX L @
UNIFORMLY BISTRIBUTED LOAD
_3XP'XL
Se=gRex @
_3XPXL
R=Ixtca ©
_ X P
E= b d sy a0

ANY LOADING

Sr o RI

.ﬂ.(=‘e" ma:=_c' (}1)
3XV
So=ao%a 12
IMPACT BENDING
SWIL
Ser=TpEs- a3
Wir
1Vpg,=m {14}
COMPRESSION PARALLEL TO GRAIN
P'
SPL:.;{ (15)
S==§ h {16}
_P'L
E’-——--“—i'&" (1N

COMPRESSION PERPENDICULAR TO GRAIN

>
5 PLﬁ%! where A==area of specimen under plate, sguare inches (i8)
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SHEAR PARALLEL TG GRAIN

P
S‘-_"E’ where 4=nren under vhear, squaro Inches
CLEAYAGE PARALLEL TO GRAIN
P
Sm.zz .

TENSION PERFENDICULAR TO GRAIN

})
Spp==-

TENSION PARALLEL TO GRAIN
'ﬂi
Srea= A

LINEAR SHRINKAGE (PRRCENT)

Fy or F,-mzﬂh};—b—’x 100

YOLUMETRIC SHRINKAGE (FERCENT)

K=K
Py="0m 22 100
vy
BPECIFIC GRAVITY

woighd in pranm

G:‘..d [y
. Dereont modstare . s . :
14 160 M yvolumno in cubie contimeters

99

(19)

(20)

21}

(22)

(23}

(24)

(25)

W, 5, COVIRNMENRT PRINTING OFFICEL1N3F




TapLe 21 —Strength and related properiies, by localities, of woods grown in the Uniled Stales

Spacito Shrinkage from Static bending
srpvity, ove- dry congition
s : -
do oS | wagne] S dime s ey
Spacies (comnmon and botanical names) Place of s‘rg%ﬁof materia éggdlfi?;g - cﬂgu - fAtres M Work | of ; : . .t%;am
0od foot to ; am splitting]
. ir- . propor-
Volu- | Ra- | 752 ing

tional
motric gt?an]' it

2

. , Ia-lb
HARDWOODS - Nb%;?ﬂ- z‘ . . T ot | per . Per ok,

T
1.8
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&

050203
313 4

83

-
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=

Alder, red (Afnus rubre)_. Spohomish County, Wash.. ..

-
w®

bl
[2]
&
-

Apple (Malus prmiia var) - Bototourt County, Voa....

Ash, biltmure white (Fracinus biffmorcana) Overton County, Tonn,..

pEmmpmpE
=

T s i W
-

3, P,
k. L3 b
259

Ash, black {Frarinoes nigra)_. ) Onlonagon County, Mlch
Moprathon County, Wis..._...
Ash, blus {Frorinus quadrangutala} Tourhon County, Ky,
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EEwEntass
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SELEAAELER
sopa NSRS REEBRERERRRERD

Asl, greon (Frarinus pénmy:‘ranica tanceaiata} Richland Parlsh, Lo

Now Madrid County, Mo....
Ash, Orogon {Fraxinus oregona) Lano County, Oref.meeamcaaann
Ash, pumpk!n { Frarinus profunda) New Bladrid County, Mo....
Ast, walte { Frazlnua emerfoana) ‘Stona Connty, Atk
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Ash, white {second growth} { Frazinus americana} Oswego County, N, Y Dry

Ash, wiite (Frarinus americena) Pocahontas Connty, W. Va_._[{ 2réen---

Ash, white (secoud growth) (Fratines smericane) .- ... {g‘;’;:;‘; b :goﬂln’;?;'g;;;g""

Aspett {Populus tremuloides) R Rusk County, Wis
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camactll ---| Ban Miguel County, N, Mex..
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Aspon, argetooth { Popautus grandidentato). oo cveeeeeoru-..] Souk County, Wis
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Aspen, largatooth {second growth) {Papulus frandidentale).| Bennivgion County, Vi
Tasswond {Tifla glabra). . DMiarathon County, Wis. ...
e 0 ' Potter County, Pa
Beech {Fogus grandifolia) {Hgndricks and Morgan Caun-
G, Potter County, Pa.
Beoch (second growth) (Faegus prandifotie) Bennginton County, Vi
TBoech, blus (Cerpinus caroliniand). - B T ae--
Blreh, Alaska whita (Bcdula i Near Anchornge. Alsskn.
Birch, gray {Betula populifolia) Strafford County, N. H
Bireh, paper {Belule papyrifera}-. .. Rusk County, Wis

do. Strafford County, N. H....... Pry
Birch, sweet {Beluln lenta). . TPotter County, Pa
Strafiord County, N. ®._.__[{G
Marathén County, Wis
FPotter County, Pa
_ Bennington County, Vi..._..l{f
Dackwood Ldricennie witiday__ ade County, Fla.

Buckeye, .\'i'.-ﬂé'\s‘ (Aercufue ocfundral). . ——— Sevler County, Tenrn
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Tasrc 21.—Strength and related properties, by localities, of woods grown in the United Stales—Continued’
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TasLR 21,—Sirength and related properties, by localitics, of woodé:‘:agrown in the United States—Continued
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TasLe 21.--Strength and related properiies, by localities, of woods grown ¢n the United States—Continued
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TapLe 21.—Strength and related properties, by localities, of woods grown in the United States—Continued
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