|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




O

lllll-

]
n

IHH'

MITROUOPY RESCLUTION TEST CHART
Ol RTARLARL WL L

=

RaTLNaL BURLAL

s

e

’,E th;%. 22
2
P g

1.0

A—
—

JWF

|\
n

I

i,':- E;% iz
£ L2
ey

I

s e

MICROCOPY RESCLUTION TEST (HART

RALOhA, BUR(ae OF S1ANOERDy |99e-n



http:111111.25
http:111111.25

Teeunicat Buireriv No. 158 Eepruany, 1930

UNITED STATES DEFPARTMENT OF AGRICULTURE
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COMPARATIVE STRENGTH PROPERTIES
OF WOODS GROWN IN THE
UNITED STATES

By L. J. MARKWARDT !

Assisiant in Charge, Sectiop of Timber Mechanrics, Forest Producls Laboratory,?
Forest Service

CONTENTS
Tage Paga
Forewore o ... e e an e 1 |\ Explanation of Table 1—Continved.
Tiistorival . . 2 Cojurnn 3, specifie gravily..____. ... 10
Need fo 3 Columns 4 and 5, weight per eubic foot__ 19
PUIDOSE ety e 3 Cojummns 8, 7, and 8, shrinkuge. . ________ 0
Properties other 1w s 4 Colutnn 9, bending streapth__________ .. 1
Importance of strenghh._ . 4 Column 10, compressive strength fend-
Eaplanotion of “sirenpth”____ b wise). - - n
Maoluze and seopa of sirength fpures - 5 Columnp 1], stiffoess. - 22
Nardblty .l - 14 Column 12, hardness. . ]
Seleclinn for !:mpertics ..................... 15 Column 13, shoek resistance_ .
Mow to g thie comparstive strencth Baures, 13 Percentaye estimnted probable varfation. 23
Working siresses reconinrended for comparing Appendie )L . il
strugluarm] materkal oo L. L] 16 Strength of structural materiaj. ... =
Exninples of peoeral comparisons, - 16 | Appendix 2—Melhol of compuling compars-
Sl RS, mne e aas - 18 Iive strength s shrinkage fipures of Tabie
Exphnution of Table 1_.__._ e 15 | J— i
Lalnmn 1, common and b & of Appendix 3—8ignifeance of variability___..__ M
SPRUICS 2 4 rmmm e maam - 18 | Literature clied.omumneoienmerocvamccsnmmenan 38
Cotuean 2, trees tested__ - 19
FOREWORD

The information contained in this bulletin is of value in making
comparisons of species of wood in order to determine the choice of
species for specific uses. Technical terms have, as far as possible,
heen omitted {rom the body of the bulletin, and the various properties
determined from over a gquarter million tests have been combined
into simple comparative figures. 'This bulletin supplements but does
not supersede United States Department of Agriculture Bulletin 556,
Mechanical Properties of Woods Grown in the United States, (4) °
which presents the basic information from which the comparative
figures have been derived, Since Bulletin 556 was issued additional
tests have been made and some additional species have been tested.
In all cases the comparative figures presented here are based on the
latest available results. Bulletin 556 should be used when technical
data on the properties of clear wood are required by engineers, archi-

! Acknowledgment is made to J A, Newlin and T. R. C. Wilsen of the Forest Product Laboraters for
assistancs in the preparstion of this bulletin, sod to W, A, Shewhart of the Bell Telephene laboratoriss for
suggestions regarding varisbility unalysis,

¥ Maintgined by tha Foresi Service, Unlted States Department of Agrictdtre, at Madison, Wis., o

ecoperation with the University of Wiseonsin, .
! Reference is made by ltalic numbers in parentheses to ** Literature cited,” p. 38.
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tects, and ofhers, or when, in the judgment of the user, it iz more
applicable than the comparative figures presented here.

Although this bulletin gives figures only on weight, shrinkage, and
strength, 1t is of course evident that other properties and faetors, such
as resistance to decay, painting and finishing qualities, tendency to
leach coloring matter, size and charscter of prevalent dsfects, market-
ing practice, and the lilke must also bo considered in selecting a spectes
or in determining the suitability of s wood for different uses. Atten-
tion is also called to the fact that, because of the considerable varia-
tion in propertios of all species of wood, 1t is often possible to select
individual pieces of & weak species exceeding in strength the avernge
of & stronger one, and to segregate the wood of o species into classes
aceording to weight and strength, so that each class may be directed
10 the uses for which the class is best suited, In this way the varia-
bility of wood may be turned from & lisbility to an asse.

CarLie P. WinsLow,
Director, Forest Produets Laboralory.

HiSTORICAL

The strength of wood bas always been an important factor in its
use, but 1t is becoming even more significant with the increasing
competition {rom other materials, the Incressing production of new
or little-used vpecies, and the changing requirements of consuming
markets. Considered broadly, three periods can boe recognized in our
forest history as affecting timber utilization: The Jand-clearing

period, the tbmber-mining period, and the timber-crop pertod, whick
we are now enterin%'.

During the so-called land-clearing period some of the best-known
hardwoods, such as yellow poplar and biack walnut, occupied the
richer agricultural regions in the East before giving way to the plow.
Togethor with the seftwoods they furnished from selected logs abun-
dant materinl to supply tho building and other needs of the time.
Consequently, lumber was used in greater quantities and in better
grades than ware actually required. Often the best species found
their way into commenplace uses, as, for example, the employment of
biack walnut {or floor joists, fence raeils, and the like. Ttilization of
loeal supplies prevaiied, and long expensive hauls were not required.
While these forests were giving way {o agriculiure, timber was a
by-product of land clearing, and economy was neither practiced nor
necessary.

The period of timber mining, which followed, furnished the material
to meet much of the industriel growth of the country. Only the most
far-seeing could realize that such extensive forests as the magnificent
white pine stand of Michigan and Wisconsin were exhaustible. The
asbundance of desirable species admirably adapted to the needs of the
country, the short haul to market, and cheap labor resulted in a period
of timber use with & per capite consumption far exceeding that of
most other countries. The Nation became wood dependent, and
fimber, like ore, was removed without thought of replacement. As
in the land-clearing period, lumber was still used in better grades than
necessary, although there was e gradual awekening to the need of using
wood more efficiently.
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We are now on the threshold of the timber-crop period, which is
based on tho conception thaet timber is reproducible, like any other
crop, except that the period of rotation is longer. Progressive
lumber operators are carefully studying how to keep their forest
lands actively growing timber, and s few are now operating on e
' sustained-yiefgl hasis. If forestry is practiced on land not suited to
ordinary crops and if timber is efficiently utilized, the United States
can reasonahly be expected {o meet most of i%s future timber require-
ments at least after an initial adjustment period.

NEED FOR INFCRMATION ON PROPERTIES

Timber utilization in the present forest-crop period with its longer
haul to market demands a higher degree of efficiency than that of
previous perieds, since modern compefition necessitates that all
matorials be used (o their best advantage to maintain their markets.
A first requirement of efficient use is & knowledge of the properties.
This knowledge is of value in severa! ways.

The increasing scarcity of certain species of timber which had
become more or less standard in various wood-using industries, the
wider compotition in practically all marksis, inereased transporte-
tion facilities, and other factors are opening the field for other species.
Through long use the properties which have made o species more or
less standard are quite well uuderstood, but it is not so generally
known to what extent other available species possess these same
properties, and to what extent they might supplemant the establishad
specios. .

Another need for information on properties is in the introduction
of so-called little-used species. In the pushing of timber production
into new regions, new species are encountered. (Good crop manage-
ment as conceived by many foresters and wood-utilization experts
necessitates, at least so far as lumber and timber purposes are con-
cerned, that certain species, such as western hemloek and white fir,
be logged slong with the well-known woods with which they grow
rather than be left to dominate and propagate the succeeding crop.
A knowledge of the properties is one of the first requirements in the
use of alternate species and in the use of little-known woods.

PURPOSE

Wood utilization in the future must depend more and more on the
true value of the product as determined by exact information on the
properties rather than on rule-of-thumb praetice. This bulletin
presents exach information for the comparison of the strength proF-
erties of many of our native speeies. Other publications have usually
presented strength date in technical terms familiar prinecipally to
architects and engineers, but hare the technical values are combined
into simplified comparative figures, which are more readily intelligible
to the everage person. For many purposes these simplified compars-
tive figures will be found as usequ as the technical values on which
they are based. )

The figures presented are especially applicable for two types of
use (1) that relatiag to the alternation of one species with another and
(2} that involved 1n selecting species for uses in which the strength
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requirements ere known. The significance of the figures is shown
and examples of their use are given,

PROPERTIES OTHER THAN STRENGTH

Although this bulletin presents figures only on weight, shrinkege,
and strength, 16 should not be overlooked that other properties and
factors must also be considered in the utilization of wood, and that
the value ol a wood for a given use is ordinarily based upon a combi-
nation of properties rather than upon & single property. Among
other properties which may be of importance are nail-holding ability;
splitting; tondency to warp; gluing qualities; painting and finishing
charnctoristics; resistance to decay, weathering, and insects; insu-.
lating properties; and acid resistance. Information on these latter
proparties, howeaver, does not come within the scope of this bullatin.!

The relative usefulness of any lumber may also depend upon the
characteristics of the stock in its entirety, as well as upon the prop-
orties of the clear wood, and may be influenced by sizes available,
degree of seasoning, and marketing practice. Thus the mechanical
properties of the clear wooed muy indicate that a specles is an excellent
wood for boxes for bullk commadities, but the lumber may be unsuited
for such use because of a charnctoristic tendency of the knots to
looson and fall cut. TFurthermore, the advantage of inherently low
shrinksge or high nail-holding power in a species may be lost through
the mothod of marketing or the use of the species before it is suffi-
ciently dry.

IMPORTANCE OF STRENGTH

There are few uses of wood in which its servicesbility is not some-
what dopendent upon one or more of its strength properties. Airplane
wing beams, floor joists, and wheel spokes typify familiar uses in
which strength is the principal consideration. Often strength in
combination with other important properfies is required. Thus,
telophone poles, railroad ties, and bridge stringers require not only
the capecity to carry loads, but also resistance to deeay. In addition,
o large number of uses of wood, not ususlly thought of in eonnection
with strength, are dependent, at least ic some degree, on strength
properties. For example, finish and trim for buildings sheuld be
sufficiently hard to prevent easy marring; window sash must have
screw-holding ebility to permit secure attachment of hardware, as
well as adeguate sfiffness to prevent springing when the window is
opened and closed. Even matches must have strength to prevent
their breaking when being lighted. Information on sirength is
therefore essential not only for the design of such angineering strue-
tures as airplanes, buildings, and bridges, but alsoc as & guide for the
selection of suitable species for a great variety of uses, whether it
be the soft, light woods or the inherently stronger ones that are
required. -

1 Information on progorties othier than those presented o this bylletin may be obtained from the Forest
Products Laboratory, Madisen, Wis, .
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EXPLANATION OF “STRENGTH”

Much confusion exists in regard to the meaning of “strength.”
In its broader sense, strength meludes all the properties which enable
wood to resist different forces or loads. In its more restricted sense,
strengfhv may apply to any one of the mechanical properties; in
which ovent, the name of the property under considerstion should
bo stated. If the several strangth properties had the same relation to
each other in all species, a wood which excelled in one strength prop-
erty would be highor in all, aud misunderstandings about the word
“strongth™ would be less likely to oceur. But such is not the case,
A wood may rank better in one kind of resistance to load than in
another. Longleaf pine averages higher than white oslk in com-
pressive strength (endwise), but is lower in hardness. Hence, it can
not bo said that longleafl pine is “stronger” than white onk without
stating tho kind of strength referred to. To be precise, in making &
comparison of species, 1t 1s necessary to consider the kind of strength
properiies or combinetion of properties essential to the particular use,
since differant kinds of strength are essential in differont usos. Thus,
longleaf pine, because of its higher compressive strength (endiwise),
1s superior to onk for use in short posts that carry heavy endwise loads,
whereas oek, because of greater hardness, is superior in resistance to
the wear and marring to which some floors are subjected.

NATURE AND SCOPE OF STRENGTH FIGURES

Several publications (3, 4, 5, and 10) present figures upon the
strength properties of wood for smell clear specimens and for siruc-
tural timbers containing deflects. Although such technical strength
figures can be applied to all strength roblems, there are, nevertheless,
many uses of wood involving the selection of suitable specics where
the conversion of technical figures into simple comparative figures as
15 done iu this bulletin would serve equally well. Since the sirength
figures given are composite values, or, in effect, index numbers, they
are mainly for comparative purposes and are consequently not suit-
able for caleulating the load-carrying capacity of wood.

"The comparative figures for 164 native species are given in Table 1.
The figures are based on an extensive series of tests on small clear
specimens of wood begun by the Forest Products Laboratory in 1910,
Fach kind of wood, with few exceptions is represented by five or
more trees. Some of the specimens ware tested green from the tree,
others afuer thorough seasoning (17, Collectively, the results include
for each species figures on over 25 strength and other properties
obtnined {rom 10 different kinds of tests {4}

The more important test results for each species have been averaged
and combined into comparative or composite figures which represent
stx properties, namely, bending strength, compressive strength (end-
wise}, stiflness, hardness, shoclk resistance, and volumetric shrinkage.
Definite figures for these essential properties are presented in Table 1,
from which numerical comparisons may be made among the different
species.  Average figures on specific gravity, weight per cubic foot,
and radial and tangential shrinkage (p. 203 are also inciuded. The
methods of computing the comparative figures of Table 1 are de-
seribed in Appendix 2,




TABLE 1.——Average comparalive properties of the clear wood of species grown in the Uniled Stales !

[For definition of terms and discussion of table see ' Explanation of Table 1' in text]

Shrinkage from green to oven-dry
Weli)%htm%? condition based on dimensions Composite strength values
cubic when green

Specific|
gravity,
(‘ijen Volu- Pend Compres-
ry metric ending sive :
Common and botanical name of species based .l Tangential (composite | strength strength Stiffness
value)? {endwise)

on
volume
when

Eee| [ | oo |22 | o0

10 11 12 13

Compara- | Compara- | Compara- | Compara- | Compara- | Compara-
Hardwoods: (Pounds tive figure | tive figure | tive figure | tive figure | tive figure | tive figure
Alder, red (Alnus rubra) 3 46 28 X 123 76 82 139 48 7
Appla (Malus pumila var.).____..__ . 3 ] 170 85 75 130 118 146
Ash, biltmoere white (Fraxinus bilt-
morcnnn) 321 107 108 156 104 114
Ash, black (Fraxinus nigra) 144 77 68 126 64
Ash, blue (Fraxinus quadrangulata) 113 108 107 139 147

122 107 108 157
129 88 88 143
n3 86 85 118
132 106 168

106
58

DO

Ash, - green (Fraxinus peunsylvnmcn
lzmceolnm)

Ash, Oregon (Fraxinus oregona)....

Ash pumpkin (Fraxinus profunda)

Ash whito (Fraxinus americana)

Ashes, commercial white (ave. of 4
spectes 3)

Aspen (Populus tremuloides)
Aspen, largetooth (Populus grandiden-
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tata)...
Basswood (Tilia glabra)
Beech (Fagus grandifolia)
Beech, blue (Carpinus caroliniana). _..__

bt ek
-




Birch, Alaska white (Betula nevalas-

ang,
Birch, gray (Betula populifolia). ..
Birch, paper (Betula papyrifera)
Birch, sweet (Betula lenta)

Birch, yellow (Betula lutea)

LR AN RS
©owml ©
W <

Blackwood (Avicennia nitida).,
Buckeye, yellow (Aesenlus octandra).
Bustic (Dipholis salicifolia)
Butternut (Juglans cinerea)....
Buttonwood (Conocarpus erecta)

oo-3

MR WS NPooe

Cascara. (Rhamnus purshiana)
Catalpa, hardy (Catalpa speeiosa)
Cherry, black (Prunus seroting).,
Cherry, pin (Prunus pennsylvanic
Chestnut (Castanea dentata)

-
SENRe I N
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WO Uy
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Chinquapin, golden (Castanopsis chrys-
ophylla)

Cottonwood, black (Polpulus trichacarp:

Cottonwood, eastern (Populus deltoid

Dogwood (Cornus flarida) .

Dogwood, Pacific (Cornus nuttalli

BT SIWOo

DO = ODR
—

e oREomN

Elder; blucherry (Sambucus coerulea)..-.
Elm, American (Ulmus americana)- ..
Elm, rock (Ulmus rncemosa)..

s @

Elm, sli{;;pery {(Ulmus fulva)

Fig, golden (Ficus aures).....

Gum, black (Nyssa sylvatica)
Gum, hlue (Eucalyptlus globulus).
Qum, red (Liquidambar styraciflua)
Gum, tupelo (Nyssa nquatica). ...
Gumbo-limbo (Bursera simaruba)

i
O WNDEeN

N N
W WO
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o

Hackberry (Celtis occidentalis). .. .

Haw, pear &Crntuemls tomentosa)._ . 63 48 107

Hickory, igleaf  shagbark

Inciniosa) . 62 48 . 12.6 165 308

Hickory, bitternut (Hicoria cordif N 63 46 127 127 170 227

Hickory, mockernut (Hicoria alba). J04 64 51 7.8 1L0 13 122 185 270

1 Based on tests of small clear specimens, 2 by 2 inches in section except radial and tangential shrinkage which are based on width measurements of pieces 1 inch thick, 4 inches
wide, and 1 inch long, - Bending specimens are 30 inches long; others are shorter, depending on kind of test, - This table is for use in comparing species cither in the form of clear lum-
ber or in grades containing like defects, except struetural material, Structural material which conforms to American lumber standards should be compared by means of allowable
workinﬁ stresses, values for which are presented in the Appendix 1, 3

2The methad used in establishing the composite values, each of which is based on combinations of several similar propertics is presented in Appendix 2.

3 Frarinus billmoreana, F. quadrangulate, F, pennsylvanica la lata, and I, americana,
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TaBLE 1-—Average comparalive properties of the clear wood of species grown in the United States—Continued

[For definition of terms and discussion of tabie see * Explanation of Table 17 in text]

Shrinkage from

een to oven-dry

Weight per condition based on dimensions Composi
3 posite strength values
cubic foot when green
Specific,
igravity.
oven Volu- Bend Compres- Shock
dry, ; : metric ending sive i 0C!
Common and botanical name of species gfgfl based At12 | Rodial - | Tangential{ oomyocite| strengih strength Stiffness | Hardness | yosistance
on c%?xrt value (endwise)
v&lﬁ:me Green | mois-
en ture
green con- == -
tent i i == Wiy
Mt ] = =
1 2 3 4 S 6 7 8 g 10 11 12 13
Hardwooads—Continued. Num- Compara- | Compara- | Comparg- | Compara- | Compara- Compara-
Hickory, nutmeg (Hicoria myristicae- ber | Pounds jPounds | Per cent Per cent | tive figure | tive figure | tive figure | tive figure | tive figure | tive figure
formis) __....____ oo zeeemaean 5| 0.56 60 [ IO U R, 111 104 147 221
Hickory, pigaut (Hicoria glabra)__... 60 .68 64 53 7.2 115 182 144 129 198 308
Hickory, shagbark (Hicoria ovataj. 24 .64 64 51 7.0 10.5 170 133 123 185 258
Hickory, water (Hicoria aquatica).._.. 2 .61 68 L5 3 PN SR R 128 116 185 189
Hickories, pecan (ave. of 4 speeies ). __._. 23 .59 62 45 4.9 8.9 137 i20 116 165 207
Hickories, true (ave. of 4 species 8)...___.. 122 .65 63 51 7.3 i1 4 182 138 123" 188 | amiee 202
Higkorics, - pecan and true (ave. of 8
species &) oo . 145 .64 63 50 7.2 1.3 180 135 122 184 142 279
Holly (Ilex opaca)... 5 . 50 57 40 4.5 9.5 155 70 71 102 86 124
Hop-hornbeam (Ostrya virginiana)_._._. 5 .63 60 50 8.2 9.6 183 101 100 150 126 189
Inkwood (Exothea paniculata)__._._..... 2 .73 71 56 6.6 10.9 184 124 110 182 181 154
Ironwood, black (Xrugiodendron fer- .
TEUIN) o el e S 4 104 86 80 6.2 8.0 125 157 168 254 130
Laurel, mountain (Kalmia latifolia)._..___ ] .62 62 48 5.6 8.8 144 97 100 110 143 113
Locust, black (Robinia pseudoacacia) 3 .66 58 48 4.4 6.9 103 157 168 2245 161 170
Locust, honey (Gleditsia trincanthos) 6 .60 61 44 4.2 6.6 107 112 111 153 155 144
Madrorio (Arbutus menziesii)_.._.___ 6 .58 60 46 5.4 1.9 173 86 88 117 114 a3
‘Magnolia, cucumber. (Magnolia acumi-
S T11 1) L SO LS .44 49 34 5.2 8.8 137 90 88 175 57 103
Magnolia, evergreen (Magnolia grandi-
[ ¢ 1 J e R AN 2 .46 062 35 5.4 6.6 122 81 73 138 80 4]
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Magnolin, mountain (Magnolia fraseri). .
Mangrove (Rhizophorn mangle)___.
Maple, bigleal (Acer macrophylium

a7 b
=11

1

Maple, black (Acer nigrum)

Mauple, red (Acer rubrum)

Maple, silver (Acer saccharinum)

Maple, striped (Acer pennsylvanicum). ..
Maple, sugar (Acer saccharam)

e oo
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Mastie (Sideroxylon foetidissimum) .
Myrtle, Oregon (Umbeilularia californicn)
Oak, black (Quercus velutina), . ... .
Onk, bur (Quereus macrocarpa) _—
Ouk, California black (Quercus kelloggii)_

i gt ad

G——08.195L9
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Qak, canyon live (Quercus chrysolepis).....
Oak, chestnut (Quercus montana)

Onk, Inurel (Quercus laurifolia) .. o
Oak, live (Quercus virginiana) .
Oak, Oregon white (Quercus garryana). .

H
Lchdn oy QU
©P mooma

Oak, pin (Quercus palustris).

Onk, post (Quercus stellata)

Qak, red (Quercus borealis)

Oak, Rocky Mountain white (Quercu:
utahensis)

=

Oak, southern red (Quercus rubra)

Oak, swampred (Quercus rubrapagodae-
folig).... .61

Oak, swamp chestnut (Quercus prinus). . .60

Gak, swamp white (Quercus bicolor) ___. .64

Onk, water (Quercus nigra) .56

Osk, white (Quercus alba).. .60
Oalk, willow (Quercus phellos). ... . 56
Oaks, commercial red (ave. of 9
species 7) .56
Osks, commercial ‘white (ave.
species 8) .59
Oaks, commercinl red and white (ave, of
15 species 9) SN .57

4 Hicoria cordiformis, I1, myristicacformis, FI, aquatioa, and. FI. pecan,

8 Hicoria laciniosa, H. alba, H. glabra, and H, ovala.

8 Spocies under footnotes 4 and 5 combined. 3 .

7 Quercus velutina, Q. laurifolia, Q. palusiris, Q. borealis, Q. coccinea, Q. rubra, Q. rubra pagodaefolia, Q. nigra, and Q. phellos.
ercus macracerye, Q. montana, Q. stellata, Q. prinus, Q. bicolor, and Q. alba.

¥ Species under footnotes 7 and 8 combined, s
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TaBLe 1.—Average comparalive properlies of the clear wood of species grown in the United Stales—Continued

01

[For definition of terms and discussion of table see ** Explanation of Table 1”* in text]

i Shrinkage from green to oven-dry
‘2:}1)%220%? condition based on dimensions Composite strength values
when green

Specific!
Eravity,
c()lven ’ Volu- Bend Coxrixpres-
] ry : ‘metric ending sive

Common and botanical name of species based Tangential | (oomiosite | strength | strength
on value) (endwise)
volume
when

green P
i s | LB | =t
& (aam. i
A = i
3

10 11 13

Compara- | Compara- | Compara- | Compara- | Compara- | Compara-
Hardwoods—Continued, Pounds{ Per cent tice figure | live figure | live figure § tive sigure ive figure | tive figure
Osage-orange (Toxylon pomiferum) 2 89 [
Pealmetto, cabbage (Sabal palmetto) 250 40
Paradise-tree (Simaroubs glauca)..._ 82
Pecan (Hicoria pecan) 137
Persimmon (Diospyros virginiana) 183
145

115
104

bl it
o

s

WWW-10 w OO thDtY
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Pigeon-plum (Coceolobis laurifolia) ...
Poisonwood (Metopium toxiferum)....__.
Poplar, balsam (Populus balsamifera)—. ..
Popiar, yellow (Liriodendron tulipifera).
Rhododendron, great (Rhododendron

maximum)

S

Yt gt -
O OO e O

Sassalras (Sassafras variifolium)
Serviceberry (Amelanchier canadensis
Silverbell (Halesia carolina)

Sourwood (Oxydendrum arboreum)
Stopper, red (Eugenia confussuy . oo
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Sugarberry (Celtis laevigata)
Sumach, staghorn (Rhus hirta)_..
Sycamore (Platanus occidentalis)..
Walmut, black (Juglans nigra).__
‘Walnut, little (Jug! rupestris)
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Willow, black (Salix nigra)
Willow, western black (Salix lasiandra)_.
Witeh-hazel (Hamamelis virginiana)

5ER

woods:

Cedar, Alaska (Chamaecyparis nootka-
tens{s)__ -

Cédar, incense (Lihocedrus decurrens).- ...

Cedar, Port Orford . (Chamaecyparis
lawsoniana)

Cedar, eastern red (Juniperus virginiana).

Cedar, western red (Thuja plicata)

e

BHEY

3

Ce<ar, southern white (Chamnecyparis
thyoides)

Qypress, southern (Taxodium distichum)._

Douglas  fir  (Pseudotsuga taxifolia)
{coast type()

Douglas fir (Psendotsuga taxifolia), (in-
land empire type)

88
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Douglas fir ' (Pseudotsuga taxifolin)
(Rocky Mountain type)

Fir, alpine (Abjes lasiocarpa)

Fir; halsam (Ables balsnmen)_ .

Fir, corkbark (Abies arizonica)..

Fir, lowland whito (Abies grandis)

Fir, noble (Abies nobilis)...__..._...._....
Fir, California red (Abics magnifica)

Fir, silver (Abies amnhilis; ........

Fir, white (Abies concolor)__.

Firs, white (ave. of 4 species 19)
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Hemlock, eastern (Tsuga canadensis). ...

Hemlock, mountain ('Tsuga mertensiana)_

JTemlock, western (Tsuga heterophylln)..

J uni‘)cr, alligator (Juniperus pachy-
phloea!

38

[
S

Larch, western (Lu}}x occidentalis)

Pine, jack (Pinus banksiana)

Pine, jeffroy (Pinus jeffreyi)._.

Pine, limber (Pinus ﬂexilisg..

Pine, loblolly (Pinus taeda)_...

Pine, lodgepole (Pinus contorts) .

10 Abies grandis, A. mobilis, A. amabilis, and 4. concolor,
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TaBLE 1..—Average comparative properties of the clear wood of species grown in the United States—Continued

4\

[For definilion of terms and discussion of table see “Explanation of Table 1 in text}

Shrinkage from green fo oven-dry
condition based un dimensions Composite strength values
when green

Weight per
cubic foot
Spec_itf;‘c
gravity,
over ' Volu- ! Compres-
dry, Radial | Tangential metric Bending sive . Shock

Common and botanical name of species < hased (composite | strength strength resistance
on : value) (endwise)

volume
= | [H | ek | 52 | o

when
10 1 12 13

green

Compara- | Compara- | Compara- | Compara- | Compara- | Compara-
tive figure | tive figure | tive figure | tive figure | tive yigure
24 106 123 189 76

91 64
83 35
85 46
80

89
86
97

2

Softwoods—Continued. Pounds
Pine, longleaf (Pinus palustris)___.____... . 50 41
Pine, mountain (Pinus pungens).. ... . 54 37
Pine, northern white (Pinus strobus)_._.
Pine, Norway (Pinus resinosa) .
Pine, pitch (Pinus rigida) . 34

Pine, pond (Pinus rigida serotina)
Pme, sand (Pinus clausa)

Pine, shortleaf (Pinus echinata).
Pine, slash (Pinus caribaea)._...
Pine, sugar (Pinus lambertiana)

Pine, western white (Pinus monticols)...
Pine, western yellow (Pinus ponderosa)..
Pifion (Pinus edulis)

Redwood ! (Sequoia sempervirens) .
Spruce black (Picea mariana)

SINDCIOODN ONNGWIE BRI p—amowm

Spruce, Engelmann (Picea engelmnnnu) -
Sprucs, red (Picea rubra -
Spruce, Sitka (Picea sitchensis). .

Spruce, white (Picea glauca)

Bpruces, (ave. of red, whlte, and Sitka 12) _
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Tamarack (Larix laricina)
Yew, Pacific (Taxus brevifolia)

Percentage estimated probable varia-
tion of species average when based on
5 trees 13, . 2.1 . . 3.9 2.5 3.3 3.2
Percentage estimated probable varia-
tion of an individual piece. 8 iz 12 14 18 2

1 The trees on which these values are based were somewhat higher in density than the general average for the species. Tt is, therefore, very probable that further tests which are
now u.ndg %'!a)}will slightly lower the present figures, although it is not expected that this will necessitate any cbapge in the working stresses recommended for structural timber as
given in Table 2.

12 Picea rubra, P. sitchensis, and P, glauca.

13 For percentage estimated variation of species when based on different number of trees see Table 6.
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VARIABILITY

Variability is common to all materials. If one tests pieces of wire
from a roll, the loads necessary to pull the wire apart will vary for
the different pieces. In the same way, the breaking strengths of
different pieces of the same kind of string or rope will not be the
same. Materials, however, differ counsiderably in the amount of -
variation or the spreed of values.

Everyone who has handled and used lumber has observed that no
two pieces, even of the same species, are exactly alike, The differ-
ences most commonty recognized are in the appearance, but differ-
ences In the weight and in the strengih properties are of even greater
importance. Fortunately, appearance and weight are related to
strength. This relation, which is very definite in some species, affords
the basis of grading and selecting wood for strength.

In deternuning the strength properties of wood many individual
specimens of each species are tested, ansl consequently many indi-
vidual test values are obtained. It would be very laborious and
confusing to present the values for each individual test. The figures
in Table 1 are, therefore, average values from tests on specimens
selected to represent the different snocies of wood.

The strength properties of individual pieces may vary consider-
ably from the averages shown. Therefore, the fact that one species
of wood averages higher than another in a certein property does not
mean that every piece of that species will be better than every
iece of the other species. A percentage figure is shown in the last
ne of Teble 1 to indicate the range above and below the average
which may be expecied to inelude half of all the material of a species.

Because of the variation among individual specimens, the more
tests made on a species the greater is the probability that the average
obtained will represent the true average. The number of test
specimens must be limited, however, because of the expense of
determining the properties, and as a result units of five trees have,
in general, been used {o obtain the test figure for a wood from any
one site or locality.

For the more important species, two and often more 5-tree ynits -
representing different localities have been tested. The tests vary
in number from about a hundred to many thousand for & species,
making a total of over » quarter million for all species studied. The
present figures (Table 1) are the best available determinations of the
true averages, although the figures for the less important species,
which are based on fewer tests, would be more subject to change on
additional testing than those for the common species.

Yor the foregoing reason, and since individual pieces of wood or
iots of material purchased for any use vary from the averages, too
much emphasis should net be placed on small differences in average
ficures. The fwportance of such differences, however, will depend
largely on the use to which the wood is put. Detailed informeation
on the range of variations to be expected and a discussion of their
significance are presented in Appendix 3,
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SELECTION FOR PROPERTIES

The fact that & piece of wood differs in properties from another of
the same species often makes it more suitable for & given use. This
suggests the possibility of selecting pieces to meet given require-
ments. Kor example, selection may be made at the sawmill so that
the heavier, harder, and stronger pieces go into structural timbers,
flooring, or other uses for which the higher measure of these proper-
ties particularly adapt them, while the lightweight pieces may
preferably be used for such purposes as trim or heat insulation;
or selection may be mede at the lumber yard when material of
either high or low weight is required. By means of selective methods
the variability of wood can be made an asset. Selection on the basis
of freedom from defects is a common practice. Selection on the
basis of quality of clear wood is much less common, but is {requently
very desirable.

Aside from actual strength tests, the specific gravity or density
gives the best indication of the strength properties of any piece of
wood. Within any species there exists a 1'e£1tively small range in
the strength of picces of like density.

When different species are considered, the range in strength for

ieces of like density may be quite large. To illustrate the difference
in density-strength relations between species, consider the values for
Douglas fir (const type) and red gum in Table 1. These woods are
about equal in weight when dry per unit volume as shown by their
specific gravities, but Douglas fir averaged 39 per cent higher in
compressive strength than red gum and 18 per cent lower in shock
resistance.

It may be shown, likewise, that certain species of wood of medium
density are equal 1n some properties to species of higher density.
Douglas fir (coest type) with only three-fourths the density of com-
mercial white onk is about equal to the oak in bending strength and
compressive strength, and excels i¢ in stiffness. Hence, Douglas fir
is higher for its weight in these properties than white oak. In
hardness and shock resistance, however, white oak averages much
higher than Douglas fir,

HOW TO USE THE COMPARATIVE STRENGTH FIGURES

The strength figures in Table 1 (columns 9 to 13) are not percent.
ages hut are index numbers. They have no significance other than
to give relative position in comparing species of wood for any specific
use with respect to the several properties listed. The figures on
weight and radial and tangential shrinkage, on the other hand, are
In unit terms which can be used directly in making celculations or
estimates.

In order properly to interpret and apply tho figures in a coro-
parison of species, one shoulEF be familiar with the requirements of
his particular use. Unfortunately, no thorough study has bsen
made to determine the properties essential to most uses, although in
many cases much gencral information is available concerning them.
Long usage has in some cases established what properties are re-
quired, but opinion frequently differs as to their importance. The
most effective application of the figures, therefore, calls for judgment.
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WORKING STRESSES RECOMMENDED FOR COMPARING
STRUCTURAL MATERIAL

For comparing structural maferial of grades in which the size,
location, and number of defects are limited with reference to their
offect on strength, tho allowsble working stresses of Table 2 (Appen-
dix 1) are recormonded in preforence to tho figures of Table 1. How-
aver, the figurss of Table 1, slthough primarily for the comparizon of
species in the form of clear humber, are second in importance only to
normissible defects ® in deriving sale working stresses (8). Other
factors, such ‘as differences in the wvariability of the cloar wood,
tendency of defects to develop in serviee, aud tendetcy to run high
or low In the grade, and the like, ave, of cowrse, also taken into
wccount in detormining working stresses. :

Table 2 proseuts working stresses for & number of common species.
Should working stresses be required for other species, they may
be derived through the joint use of Tables 1 snd 2. Tho method
suggested is to assign to the species under consideration working
stresses 10 per cent lower than are given in Table 2 for species having
about the same comparaiive strepgth walues. The 10 per cent
reduction is suggested o provide for safety and te allow for the
various factors that must be taken into aceount in assigning safe
working stresses. If, howover, the slmcies on which working stresses
are destred is known to be quite similar in all respects to the species
used for compatrison, the 10 per cent reduction need not be applied,
(See example p. 18.)

EXAMPLES OF GENERAL COMPARISONS

1. Everyone knows how important strength is for shovel handies.
Suppose thet & manufacturer who has been using ash satisfactorily
for shovel handles is offered o supply of hackbarry as en slternate.
How does hackberry cotnpare with ash? Assuming the mest im-
portant properties required in & shovel handle to Lo bending strength,
hardness, shock resistanee, hghtness, and freedom from werpmg,
then from Table I the following tabulation may be made:

Wuolght Volu-
Bomding Tiard- Shock {specific ngtrig

siraugiil ays resialnnog geavity}y  sbhrinkage
Ash, commereinl white 110 168 130 0. 54 126
Huckberery . _ oo 74 74 145 .49 138

The lighter woight of hackberry would be an advantage. With the
excoption of shock resistance, hackberry is decidediy inferior to
commercial white ash in the other properties listed. It would not
only break more easily in bending, but because of its lower hardness
it would also be more subjeet to mashing at the bolts or rivets, In
addition, the slightly higher shrinkage indicates it would not stay in
place so well as ash. The conclusion to be drawn fror the compari-
son is not that hackberry is entively unusable for shovel handles,
but rathor that avernge material could not be expected to he as
sutisfuctory as ash,

5 Tests on strzctuznd Himberst linve established the affeel of knols aud other defeets on strometh, nad have
nlﬂ'ua!mi L lgtsis for prepurbng sieuctursl grsdes wihilel duvelop any degined progoctivn of fie streasth of
Lhw clear woud,
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I the inducoment is suflicient the user may feel justified in accopt-
ing o lower standard of service. By solection metheds, however
{see p. 15), n wood which avorages woaker can frequently be used
without lowering the standard of sorvice. If the difference in the
average strength of two species is not t0o great, individual pieces of
the weakor specios can bo obtained which will exceed in strength
properties the average of the stronger one. Thus, carefully selected
hackberry would make an acceptable shovel handlec and one that
would be unquestionably better than a handle of poor-quality ash.

This comparison is based on tho assumption that the two species
would be used in the samo sizes. It is possible to make up for certain
limitations in the strength of a wesker specios of wood by inereasing
the duncnsions of the part. Rodesign involving change of size,
however, may not always be foasible. In shovel handles the diameoter
must be such that the handle ¢can be grasped readily. When the
usable size is fixed, only spucios that are strong enough in this size
are sccoptable.  Such practical questions as size must be considered
in any change of design or substitution of species.

2. As snother example of tho practical application of the figures in
Table 1, lot it be required to compare sugar maple, beech, and yellow
birch for flooring.  These spectes are similar in structure in that they
all belong to a class known as diffuse-porous woods, which do not
have & marked difference in spring woocF and summer wood. Among
the properties of importance in flooring are shrinkage and hardness,
For a comparison of these properties the following figures may be
talon from Table 1:

etz Trogentisl  Volumetrle

shrinkaga  shribkage shrinkage

Sugar maple L€ 9.5 147 115
Beech____.___ X 1.0 162 G5
Yollow bireli__ ... . 0.2 166 86

ardgess

From the figures listed sugar maple, on the average, would be
expected to show slightly less change of dimension with given
moisture changes than beech or yellow birch, and to offer groater
resistance to indentation, wear, and scratching. There is little
difforence in the volumetric shrinkege figures for beech and yellow
birch.  Beech, however, averages somawhat higher in hardness.

The comparisons just given do not consider appearance. Since all
throe specios rank relatively high in the physical properties listed,
choice may frequently be hased on other factors, such as color or price.

3. Just ns_the figures of Table 1 may be used to select species
which are high in certain strength properties, they alse serve in
choosing the woods to use whers ease of manufacture, which is
assoctated with low mechanieal properties, is desired. For example,
it is gencrally recognized thnt wood used to make patterns for metal
eastings should be readily fashioned to any desired shape and should
not change in size. Northern white pine admirably mects these
requirements, and hus for years been a standard wood for patterns
that do not recelve such continual use as to require a harder wood.
Suppose that hecause of the scarcity of northern white pine other
species ure desired.  From Table 1 it may be noted that sugar pine
and western white pine are much like northern white pine in those

87561°--30——3
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properfies which seem to be of first importance, and would, conse-
quently, be among the best species to consider for pattern stock.

4. The preceding examples involve comparisons of species of wood
for uses where clear straight-grained materal is required. For
structural material of grades in which the size, location, and number
of defects are limited with reference to their eflect on strength by
the basie provisions for American lumber standards (8), the sizes
should be determined and comparisons made as far as possible by
means of the safe working stresses of Table 2, Appendix 1, except
wheore theseare in conflict with stressesfixed by law.  The safe working
stresses of Table 2 take into account not only the weskening effect
-of the defects permitted in the grade, variability, duration of stress,
and similar factors, but also the natural chracteristics of the species.

When working stresses or compearisons for structural purposes are
desired among species not listed in Table 2, the method suggested on
page 16 involving the joint use of Tables 1 and 2 may be applied.
Suppose, for instance, that working stresses are desired for lodgepole
pine. Irom Table 1 it may be noted that in bending strength, com-
pressive strength (endwise), stiffness, and hardness, lodgepole pine
falls within the range of average values for northern white pins,
western white pine, westorn yellow pine, and sugar pine. For the
same grades and conditions of use, thorefore, lodgepole pine may be
assigned working stresses 10 per cent tower than the values given in
Table 2 for northern white pine, without further detailed knowledge
of the species. If the fact is known that lodgepole pine is similer
to northern white pine in other respects than strength of the clear
wood, the 10 per cent reduction in working stresses may be omitted.
Hence, i lodgepole pine were included in Table 2, it would be listed
with the species which take the same working stresses as northern

white pine.
SPECIAL USES

Innumerable comparisons ean readily be made from the figures of
Table 1. IHowever, there is still another useful type of comparison,
namely, that in which soveral of the different comparative strength
propetrties are combined to give s single figure. This offers an effec-
tive way of handling coertain problems and has been used in comparing
woods for railroad ties mud for sirplane wing beams, as well as in
classifying species for ladder construction. To combine properly the
comparative Hgures of Table 1, however, requires an accurate basic
knowledge of the figures, as well as judgment of their relative impor-
tance in the proposed use. Boecause of the complicated nature of
these comparisons their further consideration is pestponed to
Appendix 2.

EXPLANATION OF TABLE 1

{Seo Table, 1, p.5.)
COLUMN 1. COMMON AND BOTANICAL NAME OF SPECIES

Column 1 gives the common and hotanical names of the various
apecies of wood as adopted by the Forest Service (7).

There are a number of closely related species that are very similar
in their mechanienl properties that can not be distinguished from an
examingtion of the wood alone and that are generally marketed as a
croup under a single common name, as, for example, commercial




COMPARATIVE STRENGTH PROFERTIES OF WOODS 19

whife ash. For several such groups the values listed for the indi-
vidual species comprising the group heve been averaged to give &
single figurs for each property. The species combined are indicated
for sach group.

COLUMDN 2. '*REES TESTED

The number of trees tesied shows the extent of the work done
on each species, and is en aid in esiumating the relisbility of the
average figures. The greater the number of trees tested, the closer
may the [igures be expected to approach the true average of the
species. (See discussion under Variability, p. 14.)

COLUMN 3. SPECIFIC GRAVITY

Specific gravity is the relation of the weight of a substance to that
of an equal volume of water. The specific-gravity figures in column
3 arc based on the woight of the oven-dry wood and its volume
when green.

Column 3 affords an excellent means for making comparisons of
the weight of the dry wood of different species. The specific-gravity
value gives o divect indication of the amount of wood substance in &
given volume,.

The weight of oven-dry wood in pounds per cubic foot (based on
the volume when green) can be caleulated from column 3 by multi-
plying the specific gravity by 62.4, the weight of water in pounds
per cubic foot. The difforence between the weight of any oven-dry
wood calculated in this mannper and the corresponding weight when
green is the average weight of moisture present per eubic foot in
the unseasoned wood just as it comes from the saw. The moisturs
present in green wood is of course subject to large variations.

COLUMNS 4 AND 5. WEIGHT PER CUBIC FOOT

Ordinarily, wood is spoken of as “dry” or ss “green” or “wet.”
In order to be specitic, various stages of drying or dryness must be
recognized in establishing the weight, not only because of the effect
of the moisture content on weight, but because of change in volume
with moisture changes. The weights of wood at two important stages
&re given in columns 4 and 5.

When wood is green® or {reshly cut, it contains & considerable
quantity of water. After wood has dried by exposure to the air until
its weight is practically constant, it is said te be “gir dry.” If dried
iln an oven af 212° F. until all moisture is driven off, wood is “oven

Ty.
The weight when green as given in column 4 includes the moisture
present at the time the trees were cut, and is based on the average of
heartwood and sapwood pieces as represented by test specimens taken
from pith to cireumference. The moisture content of green timber
varies greatly among different species. Thus, in white ash it averages

& Green wod usualiy contains “absorbed !* water within {he cell walls and *“free” water In the coll cavi-
tles., [n drying, the free water from tha cell envities s tho Mrst to ba ovapcerated. The fibersaturation
point {s that polnt at which no water exlsts in thy cell cnvities of the timber but at which the cell walls aro
stlll saturated with molsturs. ‘The fiber-anturtlon point wurles with thae specics. The ordioary propor-
tion of moistore—bassd on the welght of the dry wood—nt the fiber-sntumtion polnt s from 22 (o 30 gr cebit.
As o rule, the strength propertied of wood begln to ficrease, and shrinkage begins te oecur when the fiber-
satumtion point is reached to seasoning,
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42 per cent, whereas in chestnut it averages 122 per cent.” The mois-
ture content also varies among different trees of the same species and
among different parts of the same tree. In most softwood species
the sapwood has more moisture than the heartwood. For instance,
the sapwood of southern yellow pine usually contains moisture in
excess of 100 per cont, whereas the heartwood has only sbout 30 to
40 por cent moisture. Particularly in these species which have &
higher moisture coutent in the sapwood, large variations in weight
whon green may oceur, depending on the proportion of sgpwood.
Since young softwood trces contain a larger proportion of sapwood
than old trees, their wood averages heavier when green.

The amoun{ ol moisture in air-dried wood depends on the size and
form of the pieces and ou the climate, The species vary widely i
the rate at whieh they give off moisture in drying, and also in the rate
at which they take up moisture during perinds of wet or damp weather,
The uvernge air-dry condition reached in the northern Central States
in malerial 2 fnchies and less in thickness, when sheltered {rom rain
and snow and without artificiel heating, is & moisture content of about
12 per cent.  The figures given in column § are for this moisture con-
tent. The moisture content of thoroughly air-dry material may be
3 to 5 per cent higher in humid areas, and in very dry climates, as
much lower. Large timbers will have a higher average moisture con-
tent when thoroughly air dry than small pieces.

When the moisture content in comparatively dry wood changes,
two actions which counteract one another take place, so that the unit
weight or weight per cubic foot changes but listle.  Thus, if the wood
dries further, the weight per cubie loot tends to become lower because
of loss in moisture, while at the same time it tends to increase beenuse
shrinicage causes more wood substance to occupy the seme space.
Conversely, il wood absorbs moisture both the weight and volume are
Increased.

An approximate method for estimating the weight of wood per
cubic loot at & moisture content near 12 per cent is to regard a one-
hall per cent change in weight as accompanying a 1 per cent change
m moisture eontent.  For example, wood at’8 per cent moisture con-
tent weighs about 2 per cent less than at 12 per eent, whereas at 14
per cent moisture content the weight is about 1 per cent greater than
ut 12 per cent.

COLUNMNS 6, 7, AND 8. SHRINKAGE

Shrinkage across the grain (in widsh and thickness) results when
wood loses some of the absorbed moisture® Likewise, swelling occurs
when dry or partially dry wood is sonked or when it takes up meisture
from the air, shailar to a sponge getting larger when wet. Shrinkage
of wood 1n the direction of the grain (length) is usually too small to be
of practical importanced

The figures in columns 6 and 7 are average values of the measured
radial and tangential shrinkages of small clear specimens in drying
from & green to an oven-dry condition. The radial shrinkage 1s that
across the annual growth rings in a cross section, such as in the width

& Sea foolnoto 8 ot Dago 19,

! 'Fhe moisture content of wood ks cunnnonly expressed as o i}ereentage of the waight of Lhe oven-ry or
moisture-freg wooel,  1f 2 specimen fron an air-dry boord welgtied 112 yrams immedintely nfter Lelng cut,
nmiiier oven drying welghed 100 grama, It Is snid Lo huve contalned 12 per cent meisture,  io other werds,
the tnolsture content is the orfgion weight minns the oven-iry weight divided by the aven—<ry weight,
witlch oy ho exprossidd ns g Srercentuxe hy maltiplyine by 100,

* Avnprecinbie Jonpltudingl shirinkugo s nssouinted with “eompression wood,” and other aboormusl woodl
shrueture,  (Seo po4))
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of a quarter-sawed board; the tangential shrinkage is that paraliel to
the annual-growtl: ringsin a eross section, such as in o flat~sawedboard.

Columu 8 lists figures on tho relative shrinkage in volume from the
green to the oven-dry condition for the various species. These figures
are computed from actual volume mensurements of small cloar speci-
mens, combined with actual radial and tangential shrinkage measuro-
ments, tha results of which are recorded in columns 6 and 7. Volu-
mottic shrinkage values that are comparable with these of eolumns 6
and 7may bo obtained from column 8 by dividing the figures listed by 10.

The shrinkage which will take place in any picce of wood depends
on a great many Iactors, some of which have not heen thoroughly
studied. In all species the tangentinl shrinkage is more than tho
racial, the average ratio being sbout 9 to 5. Hence, quarter-
sewed (edge-grained) Doards shrink less in width but more in thick-
ness than flat-sawed boards.  The ratio of radial to tangential shrink-
nge for a species is of value in determining the desivability of using
quarter-sawed wood and indicates the checking which mey be ex-
pected inlarge pieces containing pith. Ordinarily, the loss the differ-
coee botweon radial and tangential shrinkage, the less is the tendency
of such picees to check in drying.

Air<lry wood is continually taking on and giving off moisture with
changing weather or heating conditions.  Time is required for these
moisture changes, howover, so thare is always a lag between changos
mn the humidity of the air und their full effeet on the muoisture condi-
tion of the wood. "The lag is ereater in some species than in others.
As noresull some species having o large shrinkage from the green to
the oven-dry condition do not eause ns much inconvenience in use as
woods with lower shrinkage, beeause they do net follow atinospheric
changes so closely. The figures given do not take into secount the
readiness with which the species take on and give off moisture, and
therefore should be considered as the relative shrinkage between woods
after long expusnre to frirly uniform atmospheric conditions or after
the snme change in moisture content,

COLUMN 9. BENDING STRENGTH

Column 9 gives figures on bending strength. Bending strength is a
measure of the load-carrying capacity of beams, which are usually
horizontal members resting on two supports, Examples of members
subjected to bending are stadium seats, scaflold platforms, ladder
steps, shovel handles, girders, bridge stringers, and floor joists. The
figures for bending strength afford a dirvect comparison of tha break-
ing strength of elear wood of the various species,  They may also be
used under cortain conditions [or comparing structural material in
which defeets are limited with reforence to their effect on strength,
{See p. 16.)

Bending strength in addition to other properties is ecssential in
many uses, such as airplane-wing beams or spars, telephone and tele-
graph poles, mine lagging, railway ties, ladder side rails, pike poles,
insulator pins, and wagon tongues. 1t is of less importance in stud-
ding, flooring, and subflooring.

If o species is low in bending strength it does not necessarily follow
that it is unsuited for uses requiring this property. It does indicate,
however, that larger sizes are required to carry given loads than are
required for species which rank higher in this property.
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COLUMN 10. COMPRESSIVE STRENGTH (ENDWISE)

The figures of column 10, compressive strength, epply to com-
paratively short compression members, Compression members are
genorally squere or circular in cross section, usually upright, support-
ing loads which act in the direction of the length. The loads tend to
shorten the piece. Some examples of endwise-compression members.
are upright moembers in grand stands, mine props, vertical pieces
whieh support girders in buildings, and vertical scaffold frame pieces.

When compression members are of 2 length about 11 fimes the
least dimension, the slenderness has increased to such an extent that
stifiness begins to be a factor in the strength. The quantities in
column 10 are applicable to short columus having & ratio of length to.
lenst dimension of 11 {or less) to 1.

Il one specics is lower In compressive strength than another, the
difference may be compensated by using a member of correspondingly
larger cross-sectional area.

COLUMN I11. STIFFNESS

When any weight or load is placed on a member, o deflection is
produced. Stiffness is a measure of the resistance to deflection and
relates particularly to beams. It is one of the properties required
in ladder side rails, golf shafts, floor joists, girders, rafters, and other
beams as well a5 in long columns. The figures in column 11 give the
average stiffness of the different species. Generally beams of species
bhaving high stifiness values deflect less under a load than the same
sized beams of species having lower stilfness values. Difference in
stiffness between species may be compensated by changing the size of
members,

COLUMN 12, HARDNEES

Hardness is the property which makes a surface difficuit to dent or
seratch.  The harder the wood, other things being equal, the better
it resists wear, the less it crushes or mashes under loads, and the
better it can be polished ; on the other hand, the more difficult it is to
cut with tools, the harder if is to nail and the more it splits in nailing.
Hardness is desirable in such uses as flooring, furniture, railroad ties, .
and small handles, Somelack of hardness, that is, & degreeof softness,
is particularly desirable for uses such as drawing boards. The greater
the figure given in the table, the greater the hardness of the wood.

There is a pronounced difference in hardness between the spring
woeod and the summer wood of some species, such as southern yellow
pine and Douglas fir. In thesc species the sumuner wood is the
denser, darker-colored portion of the annual growth ring. In such
woods differences in surface hardness oceur at close intervals on a
piece, depending on whether spring wood or summer wood is en-
counterecE In woods like maple, which do not have pronounced
spring wood and summer wood, the hardness of the surface is more
nearly uniform.

COLUMN 13. SHOCK RESISTANCE

Shock resistance is the capacity to withstand suddenly applied
loads. Hence, woods high in shock resistance withstand repeated
shocks, jars, jolts, and blows such ns are given ax handles, wheel
spokes, and golf shafts. Hickory possesses this shock resistance
property to the highest degree of any of the common and well-known.
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woods.  The greater the figure in column 13, the groaber is the shock
registance of the specics.

PERCENTAGE ESTIMATED PROBABLE VARIATION

The percentage figures in the bottom two lines of Table 1, exclusive
of footnotes, offor a means of estimating the variability, a detailed
discussion of which is given in the Appendix 3.

The percentage figures in the lust tine of Tabls 1 indicato the varia-
tion, above and below the average, which may be expected to inelude
hall of all the maeterial of & species. TFor example, consider Ghe
bending strongth of red alder in Table 1. The bonding strength
{column 9) is 76, and the varistion of an individual piece is 12 per cent,
From these figures it muy be estimated that the bending strength of
one-hall of the red slder would [all within the lHinits 67 and 85.  The
approximale proportion ol material of a species falling within cortain
other percentnges of the Table T values may be estimated on the
basis of the following relations:

75 per cent is within 1.71 Limes the perceniage probable varintion.
82 per cenl ix within 2.00 times the pereeninge probable varintion.
90 per cent is within 2.44 times the percentnge probable variation.
86 per cent is within 3.00 times the pereenlage probable varialion.

The porcentage figures in the next to the last line indicate that there
is an evon chance that the true average is within these percentages of
the figures in Table 1. The percentages given apply to specics
which are represented by five trees.  Percontages applying to species
represented by various numbors of frees from 1 to 50 are presented
in Tuble 6.

Morinlity statistics upon which insurance rates arc based tell very
closely how many men of any large group will live to be » cortain age,
but they do not enable one to sy whether John Doe &t that age
will be included among the living. In a similar manner, the varia-
bility figures given in the next to the last line of Table 1 permit one to
estimnte how many of the species of wood will have their averages
raised or lowered by a specified amount by additional tests, but one
can not suy that red slder or any other designated species will be raised

by this nmeount.
APPENDIX 1

For ihe ald of engineors, architects, and others who desire additionald informa-
Lion on the uppliention end derivation of the figures in Table | the following in-
formation is given. A sludy of Lhe three appendixes is not essential for the use
of Tabile 1 lor comparative purposes.

STRENGTH OF STRUCTURAL MATERIAL

The figures in Table 1 are most directly applieable Lo the comparison of species
for usey requiring wood free from defects.  For struetoral maberind of grades in
which the size, location, and number of defects are limited with referenee to their
effeet on slrength, the relalive strengths of Lhe speeies arc better represented by
allowable working siresses used in design. Working stresses for select and com-
mon structural grades conforming to the basie provisions of the Ameriean lumber
slnndards are given in Table 2.7 They are lechnieal in nature and have been
arrived ab from n congiderntion of ihe strongth nnd variability of the clear wood,
the relation of density to sirenglh, the effect of defeets in structural sizes, the
offect of long-continued londing, nnd the inherent charneteristics of the species,
such as prevaience of knot clusters, lendeney to eheek in sensoning, and prevalence
of shakes. The figures in Tuble 1 are the avernge resiits of tesls on clear wood
of the different apecics; those of Table 2 are assigned values, based not only on
Lests, bt on experiance and judgment.




TapLe 2.—Working stresses for timber conforming to the basic provisions for select and cammon structural material of American lumber

standards 1

[As recomriended by the Forest Products Laboratory, Forest Service, United States Department of Agriculture}

Fiber stress in bending ?

Continuously dry

Occasionally wet but quickly dried

More or less continuously damp or wet

Al thicknesses

Material 4 inches

Material 5 inches
and thinner

and thicker

Material 5 inches
and thicker

Material 4 inches
and thinner

Select |Common
grade grade

Seleet {Common| Select |Common
grade grade grade grade

Select ;Common| Select |Common
grade grade grade grade

Ash, black__._.__.

Ash, commercial white___......
Aspen and largetooth aspen...
Basswood

eech

Birch, paper

Birch, vellow and sweet oo oaocmooann

Cedar, Alaska
Cedar, western red -
Ccedar, northern and southern white,

Cedar, Port Orford

hestnut
Cottonwood, eastern and black

Cypress, southern

Douglas fir (western Washington and Oregon type) Yoo iomciamaacnna o

Douglas fir Edense) s
Douglas fir (Rocky Mountain type)

‘Elm, rock.

Elm, slippery and Americon

Fir, balsam

Fir,"commercial white

Gum, red, black, and tupelo

Hemlock, eastern...

Hemlock, western

Hickory (true and pecan)

Lbs. per | Lbs. per
sq. in. 8.in,

1400 1,120
00 610
500 040

1,500 | 1,200

900 720
1,500 | 1,200
BRO

1,100
720
600

g8 28

880
760
40

1,040

1, 200

1,400

888

£288% 85%s% 8

Lbs. per | Lbs. per | Lbs. per | Lbs. per
8¢, in. 8q. in. &7.9m.
800 900

680
1,070 1,200
580 650
580 650
1,150 1,300
i 750
1,150 1,300

890
710

—

883 883

8

LR
G e
- o
=

S888 2888

na
=

Lbs. per | Lbs. per | Lbs. per  Lbs. per

i aq. in. 8q. in. 8¢. in,
600 800 640
760 1,000

800
370 400
370 400
760 800

450 480
760 800
680 720
570 600
450

480
680 720
530

560
450
680

[

58838 S3sss seB

480
720

=

44
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ZLarch, western . 880
Maple, sugar and black........... 1,040
Maple, red and silver | 000 720
Ozk, commercial red snd white eemdeen i e celamen o

Pine, southern yellow 2. ceervinncsverun. .- 2 : 1,040

Pine, southern yellow (dense) 7i : 7 1,213 7 7 ]
Pine, northern white, western white, western yellow, and sugar. 000 10 ! 800 640 750

Pine, Norway..o..ooo.. P mmmann e rmme e amn . 800 640
Toplar, yellowo o onn. 1, 000 720 640
Redwood...... IOSU e smemmanate o vn———————— R, ———— 800 ) 640
640
400
640

720

Spruce, red, white, nnd Sitka. ... pamena 880 680 720
Bpruce, Engelmann.. . ...... 7 } 520
SYeamoré.. . voav.aciinen 830 800 080 720
Tamarack {eastern)...... 00 ! 850

T Ameriean Tamber standards: - Basie provisions for American lumber standards grades are published by the United States Depariment of Commerce in Simplified Practice
Ttecommendation No. 16, Lumnber, revised July 1, 1026; specifications for grades conforining to American lumber standards are published in #he 1927 Standards of the Amer, Soc.
for Testing Materinls, and in Amer, Ry, Engineering Assoc. Bul,, vol. 30, No. 314, dated February, 1929, )

1 Stress in tension: The working stresses recommended for fiber stress in bending may be safely nsed for tension parallel to grain, i .

¥ Exaet figures given® In order to preserve the exact niunerical relations among working stresses for grades involving rate of growth and density requirements the values for
Douglas fir (western Washington and Oregon type) and for southern yellow pine have not been rounded off, us have the values for the other species.
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5
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TaBLE 2.—Working stresses for timber conforming lo the basic provisions for select and common slructural material of American lumber
standards—Continued

Compression perpendicular
to grain, select and com-
mon grades

Horizontal shear ¢

Compression parallel to grain (short columns having ratio of
length to least dimension of 11 or less)

Averags
modulns
of elas-
ticity $

Not varied with
conditions of ex-

posure

Continuously dry

Occasionally wet
but quickly dried

More or less con-
tinuously damp

or wet

Select
grade

Comumion
grade

Select
grade

Select
grade

Common
grade

Belect
grade

Common
grade

Not
varied
with con-
ditions of
exposure
or with
grade

Ash, black

Ash, commercial white.

Aspen and largetooth aspen
Basswood

Beech.

Birch, paper

Birch, yellow and swest.

ar; Alaska.
Cedar, western red
Cedar, northern and southern white

‘Cedar, Port Orford

Chiestnut p

Co'tonwood, eastern and black.

Cypress, southern
Dcuglas fir (western Washington and Oregon type) 5.

Douglas fir (dense) 3
Douglas fir (Rocky Mountain type)

Eln; rock

Elm, slippery and American

'y 1 S

Fir, commei.cial white
Gum, red. black, and tupelo

Hemlcck, eastern. -

Herxiock, western

Hickory (true and pecan)

Lbs. per
0. in.

125
80

80
125

80
125
90

Lbs. per
8q. in.
72

100
64

2%y BB

I
=
(]

Lbs. per
2g. in.

650

1,100

700

700

Lbs. per

Lbs. per
sg.in.

EUEBE B8BIE 3358% BESEE BELLS

Lbs. per
59. in.

500

900

450
450

Lbs. per
8g.in.
1, 100,000

=

Rl ot

g

T~
2883

st e

=3
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8

S
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Larch, western
Maple, sugar and black
Maple, red and silver.

ak, commercial red and white
Pine, southern yellow 3

88

Bekg
Bug

\

1

4

:

E

B
PR

58 3 35583

Pine, southern yellow (dense) 3

Pine, northern white, western white, western yellow,
and sugar

Pine, Norway.

&
"

EAEIR)

£

125
125

N

et pd e bt bt

Spruce, red, white, and Sitka 125
Spruce, Engelmann 175 300
Sycamore 200 200 150
Tamarack (eastern).... 300 200

8888 2888 8 ss88s

BRER 2B%L & BEENL
STOOM 0 SHITUAIOUd HIDNIULS TAILVEVINOD

BBLE ¥838 § | 3888

SBBE ZZE% § BEEER
BBEE HEES § ZuEER

srar I8pE B
TN TREB

2332 3833 § | 38
B888 B

3 Exact figures given: In order to preserye the exact numerical relations among working stresses for grades involving rate of growth and density requirements the values for
Douglas fir (western Washington and Oregon type) and for southern yellow pine have not been rounded off, as have the values for the other species.

¢ Joint details: The shearing stresses for joint details may be taken for any grades as 50 per cent greater than the horizontal shear values for the Select grade.

* Factors to be applied to average modulus of 2lastieity values: The values for modulus of elasticity are average for species and not safe working stresses. . They may be used as
given for computing average deflection of beams.  When it is desired to prevent sag in beams values one-half those given should be used. ' ¥n figuring safe loads for long columns
values one-third those given should be used. . )

¢ Working strésses for the Common grade: The values given are for the Select grade.  Working stresses in compression perpendicular to graia for ihe common grades of Donglas
fir (western Washington and Oregon type) and southern veliow pine are 32§, 225, and 200, respectively, for continuously dry, occasionally wet but quickly dried, and more orless
continuously damp or wet conditions,
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Sinee moisture influences the strength and the durability of wood, certain of
the allowable working siresses are varied witl. the moisture conditions to which
the timber will be exposed.  All of the values in any one vertieal column of Table
2 are on the same basis, and comparison of species may be made for the specified
conditions of tuse. Allowable working stresses also depend on the grade of timber,
as determined by the size and Iocation of defects. The figures in Table 2 apply
to timber conforming to the basic provisions of American lumber standards for
select and common structural material (2, 8).

EXPLANATION OF TABLFE 2
(See Table 2, p, 24}

The following explanation of the values given in Table 2 may be of aid in their
use:

Fiber stress in bending is & measure of the bending strength and is proportional
to the lond which can be carried by a beam of a given size. It is the same kind
of strength tneasure as “ Bending strength,’’ as defined on page 21.

Compression perpendicular to grain is 8 measure of the bearing strength of
wood across the grain.  The surfaces of contact between a floor joist and a girder
in n building are in compression perpendicular to grain. A high value in this
properby indieates that large loads across the grain cen be supported without
injury to the wood.

Horizontal shear is o measure of the capacity of a beam to resist slipping of the
upper half upon the lower along the grain. This property becomes of great
impertance in heams whose depth is more than about cne-twelfth the distance
between supports.

Compression parallel to grain is & measure of the eapacity of a short column to
withstand loads acting in the direction of the length, It is similar to compressive
strength (endwise) described on page 22.  As the ratio of length to least dimen-
sion exceeds 11, the column becomes more slender and the capacity to carry end
loads becomes more and more dependent upon stiffness until in long columns a
length is reached where modulus of elasticity (stiffness) determines the load-
carrying abkility. The values given are consequently not applicable to columns
in whieh the ratio of length to least dimension exceeds 11 to 1.

Modulus of elasticity is » meassure of the stiffness or rigidity of a material. It
indicates the resistance of & beamn to defleetion, It measures the same property
as stiffness, deseribed on page 22. The higher the modulus of elasticity, the less
will be the deflection under a given load.

Working stresses for design will also be found in the report of the building code
committee (10) and in standards of the American Society for Testing Materials (2).

APPENDIX 2

METHOD OF COMPUTING COMPARATIVE STRENGTH AND
SHRINKAGE FIGURES IN TAHRLE 1

There is a need for & system of simplified strength Sgures for wood whereby
comparisons may be made by the average wood user without employing highly
technical terms. To supply this need the Forest Produets Lnboratory has
developed = method of combining various test results into five composite strength
values ? for which date are given in Table 1. Any method of combining data
must involve considerable judgment and must be somewhat empirical; conse-
quently, differences of opinion may exist as to the best procedure. This appendix
presents the method used in deriving the composite fizures presented in Table 1.

The method involves (1) determining what properties should be combined in
each composite figure; (2) reducing the values which have been obtained in
different tests and which may be in various units o a common basis; (3) weightin
the individual properiies according fo their estimated refative importance; an
(4} weighting and combining the composite values for green and air-dry material
in a single composite figure.

? These flve strongth values ars bending strength, compressive strength (epdwise), stiffness, hardness,
und shoeck resistance,
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PROPERTIES STUDIED

The fundamental data used as & basis for establishing the comparative figures
were obiained from a comprehensive study begun by the Forest Serviec in 1910
to delerminc cerfain mechanical properties of woods grown in the United
States (4). Daia on 25 or more different properties were obtained from standard
tests (1} on small clear speciniens of both green and sir-dry wood. These proper-
ties, listed under the standard tests used for determining them, are as follows:

1, Coempression paraliel te grain:
“iber siress ot elnstic Hmit,
Maxiom crushing strength,
Meduius of elasticity.
2. Bistic bendiog:
Fiber stress al ¢lastle limit.
Alodulus of replure.
Modulus of elusticfty.,
Work to ciastic imit.
Work to mazimunn load.
Total work.
3. Impncl beuding:
Fibyr stress al elastic lmit.
Modulis of elastloity,
Work to elusiic limit.
Height of drop of hammer causlag complole failure.
4, Compression perpeadicular to grain:
Fiber stress st elnstio mit, .
5. Hardnass {load required to imbed a ball 0.444 ipeh in dinmeter to ona-hail its diameter):
Sido prain (radial; tangential},
End surfaca.
. Sheur paraiiel to grain:
Shenr stress {racdial; tangential).
. Cleavnge:
Londd per inch of width {radial; tangentisl}.
8. Tension perpendiculer to grain:
'T'ensile stress {radial; (spgeotial),
& Tension poraliel to graln:
‘Tenstlo stress,
10. Shrinkage:
Radind

Tangen tisl.
Volinetric.
11, Speeifle gravity.

-

In several ivstances tweo or more of these fests yield data on the same property.
For example, modulus of elasticity {(stiffness) values are obtained from three
different tests. Likewisc hardness is indicated by hoth the compression per-
pendicular to grain and hardness tests. Bending strength is indicated by fiber
stress at clastic limit in impuet bending and by fiber stress at elastic Iimit and
madulus of rupture in static bending. The comparative figures (Table 1) are
the result of combining the values for each group of similar properties. Haw-
eve‘:_lr, several of the properties just listed were not used in determining the figures
in Table 1.

b REDUCTION FACTORS

On aceount of the differences in the nature, sign ificance, and magnitude of these
relaied test results they should not be combined by g direct average. Combining
such properties as work to maximum load and total! work in static bending (inch-
pounds per cubic inch) and height of drop in impact bending {inches), therefore,
can best be done by first applying “reduction factors” to adjust the properties
to 0 common basis. Numerical values of the reduction factors were established
from formulas expressing the relation of each property to specific gravity., The
specific gravity-strength relations determined from the average data for different
species are given in Table 8. The equations as tabulated have recently becn
reesiablisiied on the basis of all available data and for this reason differ some-
what from those previously published (5).
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TasLE 3.——Specific gravity-strength relations

Moistare condition
Property Unlt Alr dry (12
Qretn por cont mols-
ture centent)
Sintic bending:
Flber atress at ¢lastic Nmit. ... Pounds per square inctr. ... 10M0CI1.2 107000
Modulus of mpirg,.....oceaeeeen.a- . do (RO B J- e [ B 2570001 94
Work to maximsaoy lead ... Ineh-pouuds per cibic el | a5, 00T 3z 40
TOLRE WOPK (s o oo ere e i b s 10302 Fparie
Modulua of elostiefby o oo s oo omacoeoo.| 1,000 pords per snuare ineh . 23000 :fiTe )
Impact herding:
Flber stross ab elastie limit. ..o n-.| Pounds per snuare inchi..... 0  Z300GIY ALA00G 1S5
Muodulus of elastielty .. o oooeaeemooo v. =] 1,00 pounds per square inch . 00 360G
Teight of drope. oo wmmmnees| IO, e 11401 M. 6311
Compression peratiel La grain:
iber stress ab efnatde Yimmit. oo ......__.. Peounds per square inch. . __ 520G B7ROCR
Mazimwm gnahivg strength . da e gm———— 478053 122000
Modulus of elustieity . crcee e v —— 1,000 pounds per square inch . 010G 330G
Compression perpendicntar to grain:
Fliwr stress at elastie lmit.oooooeean .. Ponnds per sijuare iogh. ... J000G -1 463001
Uoardness:
Lndl Pounds. e e ccm e e IT0GL 4E00 0.
Radinl.____. _— _Aln JA8NG -1 3720013
B T IT 3 R SR UPUN SR « | | SO o0 43200122

1'The voiues lsted §n this tabla are to be reasl ns equatlons, for example: Madulus of rupture for green
:!ninif.eri?lall?mg’ﬂl-“, where (7 reproseists Lhe specllie gravity, oven dry, based on volumao st moistars con-
Lion indieated,

For shock resistance the basis to which all component properties arc adjusted
is work to maximum load in static bending. Consequently, the reduction factor
for work te maximuim load is unity. The reduction factor for height of drop in
impact bending is determined by its average relation to work to maximum lond.
For grech material, the reduction factor is

3s.600
ifagrs =031 ©

The reduction factor for total work in atatic bending is likewise determined
by its average relalion to work to maximum load, and for green material ia

36.60115
10361
when (=0.50. Reduction fnctors applicable to the values for air-dry materinl
were egtablished in the same manner.
Unity reduction factors were used for each of the three determinations of
modulus of elasticity in arriving at the composite stiffness figure, rather than the

equation relations, since the modulus of elasticity values are nll measures of the
same property and are in like units.

=041 ¥

WEIGHTING FACTORS

In combining the mechanical properties into comparative strength figures,
weighting factors were applied according to the estimated relative importanee of
the propetties entering into the combinntion. In bending strengih, for example,
modulus of rupture was giveu s weight of 2 as comparcd o cach of the fiber
stresses at elastic-limit values because of the greater importance of the medulus
of tupture, and Lecause the determinations of the elastic Hmit from eurves are
aubject to the personal eguation.

Table 4 lists the mechanical properties which enter info the composition of
each comparstive figure, together with the corresponding reduction and weighting
factors.

1 When the equnilons of properties to be combined involve different exponents, tho reductlon factor
ebtainable varies with the specific gravity (@), In snch cases the reduetion fnelor used costespondds to a
spocific gravity of 0.5, this g‘ins wpprox{mately tho aversge specific gravity of all speciea tasted,
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TanLe 4.— Properiies combined and reduction and weighting factors used in derfving
comparative figurea

Reduction factor
P " Walght-
roperty Alr-dry at
Green |12 per cent | factor
moisture

Bend{og strength:

Fiber stress nb edastic Limil, siatie bending [, 1.72 L5 1

Muoditus af ruplure, Atalle bending.. .. IN: 1] 1,00 2

Flilwr stress ot elnstie Hmit, impoct beading.. ... 777777 A B2 1
Conmpressive sirength {endwiso):

ber stroas al elustic limit, compression paralle) 16 grafn. . ___. 12 82 1252 1
st Maximus crushing strength, comtpression paraliel to grafm_ ... 1220 L], 805 2
1Tons:

Aloduins of elasticily, stutie bonding. ... ._____ R, mmm——— 1.00 .00 2

Muelulus of elnsticley, fimpaet bending —————mm 1.0¢ Log 1

Medulus of etusticlty, compresslon parnliel 1o L1125+ 1.00 L.0G i
Hardoess;

Flber stress at clostie limit, compression perpemlicular to grain.... 100 1.0 2

End hardnoess, Uardoess tess.__ rrrrmam .80 . 06 1

Radial hardness, hardness 1est, . J_2 7770 -8 L2 1

Tangentinl hardness, hardness test. ... ... P, BT Ln 1
Shock reslstance;

Work 16 moximum load, static bending....... ... ... 1.00 1.00 2

‘Total work, statle bemiling 1 42 1

Fleieht af drop, iinpnct bending. L3l L3 2
Voluimalrie shrinknge: .

Rudial plus tangeatinl shrinkage (green to OVen-Iry) oL 1,00 Joooeeeo ... 1

Volwmetrie shrinkago {green to oven-dey)__. .. 0o ..., s L9 - I S 2

1 The rednetion factors for compressive sirength transints the values inte terms of modnlus of ruptura
£a 1hat the resitling values eas bo combiond directly with "bencting strength'* to give a jolnt figure repre-
senting *bonding or compressivo sirength ™ {former] ¥ called “slrengLl as a beam or post’’). Toget “bending
or cc;m pro.?sivo strength™ give "“bending strength’ & weight of 4 and “'eomnpressive strength (endwise) *’
A welght of 3.

tApply tu values which represent shrinkaye from the green 16 the aven-dry conditlon.

In caleulaling the comparative strength valiues the average lest results for each
species were used.  The comparative values for green material (4} and for air-dry
material (8} were separaiely caleulated and were then combined ay followa:

9
3-‘-‘-‘"——3—4-—3=compumtivc strength value (bending strength, ete.),

where o =value as ealculated from averages for green material,
B=vnluc as caleulaied from averages for air-dry material {12 per cent
moizture).

It may be noted that the averages for green material were multiplied by 2
and those for air-dry malerinl by 1 in arriving at the comparative strength valles.
This gives the figures for green maierial an apparent weight of 2, but in reality
they reccive an actual weight somewhere belween 1 and 9 because no reduction
factor was used to bring the figures for air-dry material to the same magnitude
as thosc for green material. towever, the averagea for green material were
intentionally given n somewhat greater weight than those from the air-dry
because a larger number of lests are included.

The final comparative figure, therefore, does not represent either green or dry
material, bul approximates a condition of 20 per cent moigture content. The
caleulated results are indicated to anly two or three significant figures in Tabie 1
and have, consequently, Iost their identity as far as stress units are concerned.
As tabulated, they are in effect index numbers,

BAMFLE CALCULATION

The following exnmple will illustrate in detail the caleulation method:
(1) Required, the “‘bending strength’” value for red alder (Alnus rubra).
(2) Given, the following average values (4} for the species, in pounds per square

inch: Qroen Alrdry
Fiber stress al clastie limit, static bending_ ... . ______ 3, 800 7, 100
b Modulus of rupture, statie bending.. ... ... __.___ P N 14.1) 10, 000
Fiber stress at elastic limit, impact bending.. . ___ e 8, 000 11, 700

¢+ Adjusted to 12 per cont moisture.
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{31 Calculsiion for green muleris] (A):

W
TFityer slress ab elustic limit, siatie I\rgﬂfh chgtc;:‘m ?‘RNE“K Product
Y] LY R 3,800 X L72 X 1 = &540
Modulus of mpturc, staile bending__ 6,500 X LO0 X 2 = 13,000
Triber stress nl clastic Hmit, impact
hending o oo e ame oo S, 000 X 074 X 1 = 5920
Tolnl . oo 4 25, 460
Yaiue for green materinl, oo ___. 25,460 + 4 == b I65=4A
i) Caleulalion for ade-dry muterial U" per cend moisture content) (B)
Rrrength Reduction Welphtlng
Fiber stress al clasiic limil, static volue fuctor fngtor Lreduct
e . e ccecmm e LI00 X LAl K 1l = 10 030
Alodulus of mplure, static bonding,. 10,000 X L0 X 2 = 20,000
Iriber stress ol olastie limit, impact
bending. . ... .. e ILFO0 X 082 X 1 = 9,504
Toinl_... . 4 40, 524
Value for siv-dey nmic.rml ( 9 pu
cent moisbire condent_ ... _. 4,824 -+~ 4 = M), 131i=8
24 I-R 1363654 10181

15 Bending strength—~ 3 =70620.

3
The “hending-sirength ™ values ax ealeulaied by the foregoing formuln were
divided by 100 before enfering Lhem in Table L. This gives the value 76 for red
alder, which agrees with the table.
The procedure for deriving the other epmparalive strength properties from the
original dats is similar,
SHRINEAGE [N YOLUME

The comparaiive shrinkage in volume figures (column 8, Table 1) were cal-
culated according to the following formula:

R+TLH2V
Volumelrie shrinkage -- Bt 3+

where I -nverage racdial shrinkage,
T averape Langential shrinkage,
P = pverage voliumetric shrinkage.
The volumetric shrinknge values ns calenlaled by the foregoing lornnula were
muliiplied by L0 before being entered in column § of Table 1.
Radiat and {angential shvinksge measurements were made on specimens
L inch thick by 4 inches wishke by Uingh long, and shrinkage in volume meastre-
mants on gpecimens 2 by 2 inches in cross section by 6 inches long.

LIMITATIONS

There are ceriain limitalions fo the use of comparalive strength figures or
index nmumbers beeause the individual basic properties nre masked. Thercfore,
when the dals on individual busic propertics can be more logically applied than
the conparative strenglh values, they should be used in preference (4).

Another possible mitation of the comparalive strength figures is that they
represent neither green sor thoroughly air-dry malerinl.  In most instances
praciieally (he same comparisons would result if figures from green malerial oniy
or from nir-dry materinl only were combined.  This will not be true, however, if
& species is exccption:‘xl in ils moisture-slrength relations, Rcdwocd ote of the
eommon connmercinl species, Is sueh an example, being very high in strength
for its density when green and increasing less in strengih with scasoning than
most other \\nuds Comparisons from Table 1 will give auch species too low &
rating for o use in which the malerinl will remain wet and tog high for a use
requiting dry stock. The comparvative Hgures, except shrinkage, may be con-
gidered to l(:prcacni mulerinl ol about 28 per cent moisture content for hending
strength, compressive sirength, sliffness, and bardness. Shock resistance is
not affecled greatly hy moisture changes, bub usually incurs a slight toss rather
than a gain with decrease in moisture,
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In gpite of such limitations, the comparative values are useful for many types
of comparisons. Whether comparative strongth values or basic strength prop-
erties should be used is & matler of judgment.

SPECIAL USES OF COMI'ARATIVE FIGURES

HAILNGAD TIES

As illustrative of the special uses referred to on page 18, lot it be reguired to
aum inlo # single figure for cach species the mechanienl properties of most im-
portance in ruifread ties. ICnowledge of the properties fuvolved and their relative
imporlanee must be available (9) or assumerd before attempting to arrive at sueh
a figure. In ties bending strength is required to resist bending; compressive
strength (endwise) to resist enil thrust apainst spikes; and hardness io resist rail
cutting and meehanical wear. A tethod which has been used for combining
these figures to obtain strength figures for crossties, in which hardness is given
eeual bnportance with bending strenglh and compressive strength eombined
(sec footnote 1, Tuble 43, {5 as follows:

Multiply the value given in Table i for bending strength by 4, that for com
pressive strength by 3, nnd that for hardness by 7. Add these products nnd divide
by 14 to geb the final number, This may be expressed by the formuln:

TH
Tie strepgth {'igure=%-—‘}:-—'ij
where D=Dbending strength (column ¢, Table 1),
E=compressive strength (column 10, Table 1),
f=harducss (column 12, Tuble 1}.

The strength figure for a ehestnut crosstie, as caleulnted by this method, is 5%;
that for white onlk, 104; fron: which il is seen that white onk, as is well knowy, is
$he better as fnr us strenglh is coneerned.  Other faclors must, of course, be taken
into aceount in sclecting woods for ties, especiully resisiance to teeny. This
again cnlls for judgment and experience in evaiusting the relative importance
of dutmbility (resistance lo deeay) and strength, in sceordanve with service
eonditions,

AIRPLANE WING BEAMS

The comparative strength values were used by the Forest Produets Laboratory
£s o guide for appraising the relulive suitablily of the different species for sir-
plane wing beams.  The propertics considered weve snecifie gravity, hending
and compressive strength, sliffness, and shock resistance. The weights given

each of these properties were as lollows: Welghit
Bending and compressive strenglh {combined) ... _________ i
BHess .. o mm i — oo i
Shoelk resistance_ oL _______ . _________ 1.5

The values for bending and compressive strength, stiffness, and shoek resistance
were first expressed as rotios of the corresponding values for spruee, which was
taken as the basis of conparisons.  These ratios were then weighted as just shown
and aveeaged.  This average was divided by the specifie-gravity ratio raised to
the 3 power to pel the final index of suilability,

In this analysis the considerntion of such factors as influence of sizo on the
strength, stitlness, aud buckling of Lhin parts, together with the essential require-
ment in aireraft of keeping weight {o 2 minimum, necessitated that a power of
the specific gravity be used. Here, agrin, judgment was ealied for in the proper
seleetion and welghling of the fretors invoived,

A somewhat similar system of analysis was used in classifying species in the
development of the safety code for ladder construction. The data of Tubie |
olfer appertunily for many other types of analyses and comparisons, lmiled only
by the judgment employed in their use.
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APPENDIX 3
SIGNIFICANCE OF YARIABILITY

Brief reference has been made on page 14 {o the variability of wood and other
materials. It is important to know that wood is variable, but it is more important
to know something of the nature and extent of this variability. The range of
variability can be illustrated and betier understood by considering the results of
specifi¢c gravity determinations on 2,105 separate pieces of Sitka spruce which
have been studied at the Forest Products Laboratory. These specilic-gravity
values are presented in Table 5, which lists the highest and lowest observed
results, together with the number of pieces in different groups.

TasLE 5.—Resulls of apecific grasily delerminalions on 2,105 samples of Sitka

SPpruce
Specilic gravity ! Varinbliity dlagrem (number of speclmsns In
group llmlts Pieces in group group)
0106 200
L
Number | Per cent
0, 2% to 0. 230 1 Q.05
.40 to 250 3 L4
L0 370 18 .80
L2 to 000 T 13
L300 to L 310 133 0,32 -
320 to . 330 350 17.05 e |
M0 ta .35 411 19. 53 =N .
L300 ta L3 302 18.82 “PuAvemxe
L3580 Lo . 300 35 16.33
A0 te 41 i n. o2
430t L 430 L 4,32
LA to 459 41 2.
480 to 478 10 (i}
480 1o L 480 3 .14
500 Lo , 570 1 .05
. 520 to . 530 4 W14
(540 ta 550 4 N
560 ta 570 1 .05
580 to~, 590 0 .00
600 to .60 0 .00
L8620 to 639 1 .05

L Bpeciiic gravity oven-dry bnsed on volume when green,
Avernge specitle gravity equals 0.384; highest observed specific gravity 0.624; lawest 0.230.

It may be noted that the specific gravity of the heaviest piece ! included in
the series was two and two-third times that of the liglitest, and that the number
of very heavy and very light pieces is quite small. Most of the valuves are grouped
quite closely about the average.

The manner is whieh the samples tend to group themselves nbout the average
is ealled a frequency distribution, from which the echances of departure {rom the
average can be estimated by computation. Such a caleulation, assuming o so-
called normat distribution and representative material, leads to the expectation
that one-half of the Sitka spruce samples would be within less than 7.5 per cent
of the average specific gravity, or between the limits 0.337 and 0.391, and that
approximately only one-fourth would be below 0.337 and one-fourth above 0.381.
The figure defining such limits, 7.6 per cent in this case, is ealled the probable
variation. By actual count, 51.7 per cent of the picces studied (I,089) have &
specific gravity between 0.337 and 0.391, whereas that of 24.8 per cent (522}
was below 0.337 and that of 23.5 per cent (494} was above 0.391. As might be

11 'The gresptionally heayy pieces of Sitke spruce result from an abnotmal growtiih called compression wood
frequently eccurting in the underside of leaning trees and limbs. Compression wood alse foring in other
softwond specles, and, unlike normal wood, it has o Jurge endwise or longitudinal shrinkage which causes
warplng nod twisting when it oecurs in the same piece with wood of normsl growth, Longitudinal sbrink-
age as hMgh as 244 per cent hias been observed in compression wooid, whereas the longitudinol shrinknge of
pormal wood is p small [raction of 1 per cent. Compression woed s very dense and includes what ajipears
to ba an excessive summer-wood growth. Compression wood {n most species shows but little contrast
In color between spring wood and summer wootl.  Large dilferences in weight from causes other than com-
pression wood aro also found. Thus, in certain soflwood species some pieces are increased in weight becouse
of the resinous materlsls thay contain, while in some Lardwoods, such as tupelc and ash, unusually lght-
welght wooul is formed In tho swelled butta of swamp-grown trees,
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expected, the percentages determined by actual eount do not agree exactly with
the foregeing calculated percentages, but the agreement is sufficiently close to
show the value of the theory in estimpting the varinbility even when s normal
distribution is nssumed. The frequency distribution of the specifiec gravity
values for these 2,105 samples of Sitka spruce is shown as a diagram in the last
celumn in Table 5.

The figures in Table 1 are each based on tests of o number of pieces, some of
which were above and some below the average, just as with the speecific gravity
of Sitks spruce. In usingwood of any species one may desire to know the pro-
portion of material within a given range in any property or to know the probable
amount the nverages may be ehanged by additional tests. After tests have besn
made it is of courde easy from the resulls to determine the proportion of the test
picces which were within any given range, but one ean only estimate the degree
1o which this test data applies to other specimens and to the reliability of the
avernges. In other words, one would like to know the trie average values of
each apecies, a quantity which ean not actually be obtained. The best that can
ke dene is to consider the inws of chance operative nnd thus estimate the probable
variplion which may be expected from given average values. Such is the basia

of the suggestions and estimates of variability presented in Table 1 and Appendix

If would be desirable to present the varialion of each property of each specica
as delermined from the detailed data, However, the extensive ealculations in-
volving all propertics and gpecies have not been eompleted; and even if available,
their presentution would be mare involved than the nnture of this bulletin war-
rants,  Although it is known that all species are not exactly equal in variability,
it is felt that they are enoughalike so that estimates made on the assumption of an
equal percentuge varinbilily for all species in a given property witl be sufficient
for moat practical purposes.

PROBAHNLE YARIATION
EXPLANATION OF FIGURES

The variabilily of each property is indicated hy the probable variation figures
in the Inst two lines at the bottom of Tuble 1. In the next to the iast line is
given the catimated probable variation of the ohserved speeies average from the
trne species average.  The value lisied npplies only when the observed avernge
i based on tests from five trees.®  The values for othier numbers of trees may be
obitained Mrom Tuble 6. In the Jast line of Table 1is given the estimated probable

1t Tha method of ealentating the variastion of an Indivitlual tree Is as follows:

() 42 ()

gl "-Tl‘.-{-n [ L P

s () =T+ ()

ay, U3, A3 ... belng nverages for specimens (rom each of tha n. trees {usually 5) of specles-lecality o and
ﬁ SHitartn .
W

b, 1, by, €5, b, T, 5y, 11, ... baing similarly defined,

TLmay boseen thinte ps thus idefined s nat tha usunl root-mean-square devistion but is samewhat anslogous
ti Lhn coallicient of variolion, 1L i in fact the walghted roat-rrean-square vahaes of coellicient of varintion
a8 ohtained from o puinber of snmples.  This may be seen by writlog the above formuia in the equivalent

form;
o) (3) e (5) e

N+ ﬁa e o

-

Correctlng for size of sample, o’-o—g-—? {#), 0.8407 belng used because the madal walus i3 5. Probable
varlatlon = 00745 o',
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varintion of an individual piece 1 from the true average., The probable variation
of § per cent for the specific gravity of an individual picee indicates that there is
an even chance that a rundom specitmen will fall within 8 per cent {above or
below) of the average, and an even chanee that it will differ more than 8 per cené
from the average. To iljustrate, suppose that the hardness of red alder is under
cousideralion. The probable variation in hardness for nn individial piecce is
found from Table £ to be 16 per cent. Taking the hardness of red salder as 48,
the hardness of one-half of the picees will, on the average, fall between the values
4.3 und 55.7, while approximately ene-fourth would be below 40.3 and one-fourth
above 56.7. The grenler the probable varintion, the greater the difference that
oy be expected in values, and the less the certainty with which the sverage
figures ean be spplied {o individual pleces.

PROBABLE CHANGES IN OBSERYED AVERAGE

The extent of the probable change in the observed nverage for the different
properties should be considered it comparing species. The estimaled prebable
variation in the observed averuge of the specics, when based on different numbers
of Lrevy, is given in Table 6.

TanLe 6.~ Percenlage prabable variation 1 of the observed awerage from the lrue average
of the species, when based on material from different numbers of trecs
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¥ The pereentage probable voriston of tho aversga of the species 15 u figure such thai there Is nn even
etuustes that the tite sverspe & within this peroentugoe of Lhe observed average in Tahlo 1,

The average is always the most probable value, Occasionally the varigtion
mny be much larger than indieated, hut the probability of seeurrence of & varia-
tion decrenses rapidly as the magnitude of the varintion increxses.

The hmpertance of the differcnves bebween species with respect to avernges is
dependent on the magnitude of this differenee in relation to the probabie varia-
Lion of the avernges, ns well as on how exacting the strength requirements are for
the particular use under considerution .

HOW TO ESTIMATE THE SIGNIFICANCE OF DIFFERENCES IN THE AVERACE
FROPERTIES OF TABLE

H the nvernges of any property of two species (Table 1) differ by an amount
equal o the probarble variation of the difference,* there is one chance in four that

1 Estinmated for ench companent property by cotbining the correcterl prohable varisbion of a treo, atd
Lite probubie variation of nn individush spedimen from the tree, according Lo the psunl method. The prob-
ubie variatlon of compestie Ngnres was caleniated by combining ihe probebie varigtion of component
properiies, wswming Hrst, eomplete independence of properties, sad second, complete correlatlon of prop-
ertfes, The correlalion eoefficient of component propertics was foumd Lo g prooch unity {0.90 between Qber
shross st elastic Hmll in comprossion parallel to grain and mosimum crushing strength; 0.82 between fiber
stress ot elastic lmit in impact bending snd modulas of rapeare in stutic bending), Volues of {:rni;ni:la
variation for composite figures prosented In Tablc 1 are estimated from calenlations fust referred to, nod
those of Lt last Hne, ‘Pable § forther cotnpared with enlealntions of rrobable varintion of an iodividusl
{xiqm from the specics averages for e limlted number of species. It §5 hoped that titimately such caleu-

atiens will be sde with the data on sl species.

Ylha probabla varlation of (he differefice of Lwo average figures Is the syuare root of the sum of the
sraires of the probiable varintions of the averages, Pho probahle varintion of thoe nvarage of any property

trtny b ostlaraled from the tyures 1o Table 6, For o exarple, see page 47,

.
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the true nverage for the species which is lower in that property on the basis of
presond dats equals or exceeds the true averago of the other. here is alse ane
chanee in four that the true nverage for the higher species excecds that of the fower
one by as much as bwice the observed ditference. When the averages differ by
amounts which are 1, 2, 8, 4, or § times the probable variation of their difference,
the chances of the true average of the lower species equaling or cxceeding the
true average of the higher, or of the observed difference being sb least doubled
are as [ollows:

Tanue 7.—Chanee thai if the truc average were avaslable the order would be reversed,
or the trug difference found te be al least twice as great as the observed, when the
observed difference is 1, 2, 3, 4, or & multiples of the probable variation of t