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'SRPECIFIC GRAVITY AND RELATED PROPERTIES
OF SOFTWOOD LUMBER
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Aszocigte Wood Technologist, Forgst Producls Laberuisry. Branch of Research,
Forest Bervice
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INTRODUCTION

Lumber is frequently compared in terms of its weight, that is, 2
ozthousand board feet of lumber of a given species weighs so many
@pounds. For exact comparisons, however, a more definite term must
acbe used. In this bulletin, therefore, the term specific gravity is used.
=ISpecific gravity as used here is based on the weight of the oven-dry
==wood ang the volume when green.

The average specific gravity and the range in specific gravity for
the wood of & species are, in the absence of sctual test data, eriteria
of the character of the wood, and may be used to estimate the
strepgth properties; wearing qualities; shrinkage characteristies;
and woodworking, painting, gluing, and nail-holding properties; as
well as the shipping weights; fuel value; heat conductivity ; and pulp
yields. Specific-gravity values may be converted into any other form
for practical use, provided the moisture-shrinkage relstion is known.

T Ackpowledgroent is made of eanporntlon received In this study from the Natlonal Lumber Manufae-
turers' Assgciaiion ond fretn various members of the Forest Products Laborstuty. :
# Maintained nt Madison, Wis,, in cooperation with the Unjversity of Wisconsin.

150473%—33 1
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“In tho past many data have been gathered on the specific gravity
of wood, but usually on a sinsll number of logs or trees. It is the
purpose of this bulletin to present specific-gravity data, based on
tests of sections of boards collected at sawmills throughout the
United States, for the lumber of 14 of the commercially 1mportant
softwood (coniferous) species. The principal difference between this
study and former studies is the munner of selecting the test speci-
mens. The data presented here are classified according to the com-
mercial terms or designations of the lumber and not according to
botanical classification, although in most instances the two are
approximately the same.

In addition to presenting the specific-gravity values for lumber,
an effort is made to indicate their effect on the various properties and
characteristics of the wood. The effect of specific gravity on some of
the properties of wood has been determined, but on many others it is
stil]l unknown.

FACTORS THAT INFLUENCE THE WEIGHT OF WOOD

W0O0D SUBSTANCE

The most important of the factors that determine the specific
gravity of wood is the wood substance itself. The woody structure
15 in the form of a honeycomb of celis, the wulls of which are com-
posed mainly of cellulose and lignin. The specific gravity of any
wood, as far as the wood substance is concerned, is proportional to
the relation of the volume of the cell wulls to that of the cavities
or voids, inasmuch as the specific gravity of the cell-wall substance is
approximately the same in all woods.

SPRING WOOQD AND SUMMER WOOD

In many species there is a marked difference between the wood
cells that are formed eariy in the growing season and those that arce
formed later. The different types of seasonal growth are known as
spriag wood and summer wood. The spring-wood cells ave large and
thin walled, whereas the summer-wood cells are smaller and thick
walled, when viewed in cross section. In some species, however, there
is no strong contrast hetsveen the cells of the spring wood and those
vt the summer wood. TIn those woods having very dense summer
wood the width of these bands of cells, viewed in cross section, as
compared with the total width, permits » segregation of classes
according to specific gravity.,

MOISTURE

The weight per unit volume of wood at any given time is infiuenced
by the amount of moisture the wood contains. At moisture-content
conditions below the fiber-saturation point a change in moisture con-
tent has slight effect on the weight per unit volume because the
increase or deerease in weight is to & laurge extent offset by a corre-
sponding increase or decrease in volume. {The condition at which the
cell cavity is empty while the cell walls are still saturated is called
the “fiber-saturation point.”) Above the fiber-saturation point the
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weight per unit volume is greatly influenced by a change in moisture
content because there is no oifsetfing change in volune. In all of
the softwood species dealt with in ihis bulletin the addition of
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Ficyne 1.—Pounds of swater per coblie foot for wood of a given spacifie gravity and
molsture content; algo the molsture content of wood ut varions specific gravities,
when completely saturated. The specific gruvity for uvse with thls fgure lg
wlwuyA bused on the wei%ht oF the oven-dry wood and the veluine st whatever
molsture content it may e .

moisture increases the weight per unit volume because the increase

in weight is greater than the corresponding increase in volutne.
Figure 1 shows the amount of water in pounds per cubic foot in

wood of any specific gravity at any moisture content, where the
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specific gravity is based on the weight of the oven-dry wood and the
volume of the wood at whatever moisture content it may be.* Under
all conditions of moisture content above about 23 per cent, the spe-
cific gravity is based on the weight of the wood when oven dry and
‘the 7olume when green, and is constant. Below about 25 per cent
the volume varies with varying moisture content. This diagram
ulso indicates the maximum moisture content that may be atfained
by wood of various specific gravities. The point of intersection
with the line from lower right to upper left gives this value.

EXTRACTIVES

Many species of wood contain materials other than wood sub-
stance and water that add considerably to the weight (7).* Among
these are extractive materials such as resins, gums, and oils. These
materials are present in all parts of the tree, but are usually pre-
ponderant in the heartwood and in the buft logs. These extractives
affect the properties of wood, but in somewhat different ways from
that in which an equal weight of wood substance affects them. In
addition to the extructive materials that may be removed by the use
of certain solvents, there are other substances present that are rela-
tively insoluble. "The influence of these inscluble substances on the
weight of the wood is similar to that of the soluble extractives.

COMPRESSTON WOOD

The discussion so far has been confined to what may be called
normal wood. There is an abnormal form of wood called “com-
pression wood ” that occurs rather frequently in coniferous trees.
Coumpression wood is considerably heavier than normal wood and is
usually distinguishable by wide annual rings and lack of contrast
between the spring wood and the summer wood. Wood with an ap-
preciable amount of compression wood possesses a specific gravity
that is out of keeping with its uctual properties, because compression
wood shrinks differently and is weaker in most strength properties
than normal wood of like specific gravity.

DECAY

Decay organisms attack the wood substance; some organisms
show & preference for cellulose, whereas others show a preference for
lignin. These decay organisms will uitimately decrease the weight
and therefore the specific gravity.

GROWTH CONDITIONS

Growth conditions have an effect on the specific gravity of the
wood produced by coniferous frees. There are a number of factors
included in the term “ growth conditions,” and it is often difficuit to
ijsolate them so that the effect of any one may be definitely demon-
strated. Much research has been conducted on this subject, and in
some instances it has been possible to show the effect of certain
factors on specific gravity.

1 Fipure 1 was prepereed by I, D, MoacLean, Forest I'roducts Laboratory.
+ [talle ninbers yu porentheses refer to Literature Cilod, po 30
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In the southern pines the wood of high specific gravity is rarely
found in very wide or in very narrow growth rings, but usnally in
rings of medium width (7). Southern pine trees growing in open
stands when young or iit crowded stands when old usually produce
wood of low specific gravity., In second-growth stands the trees with
large crowns contain wood of lew specific gravity, and those with
smaller crowns contain wood of high specific gravity unless crowd-
ing of the stand has been continued for such a long time that the
specific gravity of the wood has heen decreased by suppression of the
growth of the trees. Wood of the greatest specific gravity is pro-
duced by normal trees growing in normal stands. These rules apply
only if the soil is of sufficient fertility and if the supply of soil water
is ample, especially during the period of summer-wood formation.

POSITION IN THE BOLE

"The specitic gravity of the wood varies in accordance with its posi-
tion in the hole of the tree. This position resolves itself into two com-
ponents, height above the ground and distance from the pith. At a
given height in the tree the specific gravity of the wood may remain
constant, may increase, or may decrease with distance from the pith.
Along the bole of the tree there is a tendency for the wood of many
species to become lower in specific gravity as the distance above the
ground increases. In a study of redwood (7) the butt logs on an
average were found to contain wood the specific gravity of which,
based on the volume when green and the weight of the oven-dry
wood, was 13 per cent greater than that of the fop logs.

GEOGRAPHICAL LOCATION

Some species that are widely distributed geographically show
different characteristics in different parts of their ranges. Although
these differences are due to variation in growth conditions, some of
the growth conditions in turn are affected by the geographieal loca-
tion. With certain of the species it is possible to demonstrate the
difference in the specific gravity of the wood growing in different
regions,

METHOD OF EXPERIMENTATION

SCOPE

The date in this bulletin are based on specific-gravity determina-
tions made on 22,888 sections of bourds, termed specimens, collected
at 49 sawmills from 14 kinds of softwood lumber. In some instances
lumber of two species is included under a single commercial desig-
natton. For example, the term “shortleaf” includes the lumber
from both loblolly and shortleaf pines, and the term “white fir *
includes the lumber from lowland white fir as well as white fir. The
term “longleat ” may apply to true longleaf and the denser pieces of
the other southern-pinc species. Specimens of the same kind of
lumber were sometimes collected in different geographical regions.
The location of the suwmills and the kinds of lumber sampled at
each is shown on the map in Figure 2.

Upper and lower grades of lumber and thicknesses up to and in-
cluding 2 inches were studied. The specimens were usually selected
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TasBre L—"The number and characler of the spectmens from which specific-gravity delerminations were made

! Saw-
' mills

Specimens

. at ) .

i which Heartwood, lumber grade [ Sapwood; lumber grade
| State where grown | .speci-

mens
were ) No : Floor. | N0
col- i| Com- | Floor- ig- | Selec | Come oor- | 4ot
leetod | 526! mon 2 | “ing3 r?:tsilgn eleett ) mon 2 | ing ? St

Kind of lumber

) ! : TNumlrer Nuntber| Number| Nuniber| Nuanber| Nuinber| Nuinber Number|\Number
Longleal'pine ... ..o L L Pinus palustris..o ... .. ... Alsbam..... . . 2 i i 122 191 335,

i Mississippi,.,..
Louisiana .
Florida_.........._

Total ........... P e e s m e s

Shortleaf pinot Pinus echinata and 2, taeda.... ... Arkansas.._. ...
Alabama__
Mississippy
Florida. _... .
Louisinnn

Total.... .. ... L R S

Southern cypress ! Tazodinm distichwin Mississippi
Louisiana

Psrudotsuga tuzifolia Washington.__. ..
Oregon. ... ......
California.

e e e e d e e e e an s a v s ] 1,219

Tsuga heterophylla Washington.._.. e T 173
Oregon, 134

eam e e asae ces e smmnia drlob e amtns hnai 307

i

1 Better than No. 1 Comimon. 3 Distinction mada in southern yellow pine oily,
* No. 1'Comuién and helow, ¢ Commercial designation.

IEIWNT OOMIIOS IO ITIAVIDO OLIIDAAS




TaBLE 1.—The number and charactér of the specimens from which specific-gravily determinations were mode—Continved

Kind of lumber

State where grown

Saw-
mills
at
which
speci-

Specimens

Heartwood, lumber grade

Sapwood, lumber grade

mens

were
col-

lected

Select

Com-
mon

Floor-
ing

No
desig-
nation

Select

Com-
mon

Floor-
ing

No
desig-
nation

SItKA SPIUCR. oo e civi s e mcaenes

Ponderosa pines..._........

Total. ...

Sugar pine
Western white pine_..
Redwend, ... . v ene e m At

White fir ... ..

Total... ... ..

Western larch.. .. ..

Total_. . ..

Nerthern white pine.
Norway pine

Picea sitchensis

Pinus ponderosa

Washington.
Oregon

California.
Idaho....
Montana........

Pinug lambertiana
Pinus monticola ... ...
Sequoiq SEMPETPITENS.oocnn . arieecnan”

ZAbies concolor and A\, grandis

Pinus resinosa.

California...._....
Idaho....

Tdaho
Cualifornia.__......

Minnesota.... ..

L S,

Nuanber
1

1

Number
206
108

Nuinber
70
162

Number,

Number,

Nimber
15

Nuinber|

[ Number

Navinber

374

232

20

549
41
20

275

153

49

¢ Commercinl designation.

s Formerly called western yellow pine.

? Beparation of

eartwood and sapwood impracticable,

8 Sapwood sumgles of redwood were not used in the final analysis on account of their small number.,

TAOLTIAOIASY d0 "TJEA 'S 'A ‘SPe NITFTING TVOINHOEL
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COLLECTION OF SPECIMENS

“ ‘Each specimen was cut approximately 2 feet from one end of a
board or piece of lumber. Two crosscuts were made at this point,
producing a section of the board about 1 inch in dimension along
the grain. In cutting these sections serious defects, sich as knots,
were avoided. For each kind or item of Inmber sampled, 40 or more
séctions were usually procured. About 300 sections from each species
at each mill, representing the clear wood of alleproducts of the log
exgept large timbers, were obtained. The specimens that contained
any appreciable quantity of compression wood were segregated from
the rest. In addition, all specimens were subjected to a visual
exazmination which resulted in the discarding of a few showing
evidences of decay.

SPECIFIC-GRAVITY LDETERMINATIONS

The:specific-gravity values used for the comparison of species are
based on the velume when green and-the weight of the oven-dry
Jwood.. Since the specimens were cut from lumber that had been
seasoned to some extent and censequently had shrunk, the first step
‘was to bring them back to their green dimensions. This was accom-
“plished, by goaking them in cold water for four to five weeks.
Previqus experiments had demonstrated that specimens of this char-
acter would, for all practical purposes, recover their green di:znénsions
‘on soaking 1n cold water for this length of time. The volumes of the
'soaked specimens were determined Ly displacement. In order tg
«feternmiine the weight:of the wood when oven-dry, the specimens were
placed in a drying oven and kept at a temperature of about 212° ¥.
until a éopstant weight had been reached. Previous experiments
had shown that leaching took place during the soaking peried, but
so little leaching occurred that it had no practical effect on the
specific-gravity determinations.

DISCUSSION OF RESULTS
SPECIFIC-GHAVITY DATA

- 'The specific-gratvity data permit comparisons to be made in a num-

H

ber of ways. These fall naturally under two heads, comparison be-
tween different species and comparison within a species. The formesr
consists of comparisons of all the lumber of a species, of heartwood
alone, and of sapwood alone. 'Within a species comparisons are made
between heartwood and sapwood, regions, mills, and lumber qualities.
In many of the softwoods studied, the average specific gravity of
“the heartwood was consistently greater than that of the sapwood.
This is probably due largely to a greater percentage of extrabtive
'materials in the heartwood. In the consideration of specific-gravity
values for those species having this difference between heartwood and
sapwood, and possessing considerable sapwood, 1t is necessary to take
into account the relative amount of heartwood and sapwood in those
specirnens upon which the values are based. A difference in specific
gravity due to 2 difference in the proportion of heartwood to sapwood
is a perfectly legitimate difference, but the method of collecting the
test specimens guve no assurance that the percentage of heartwood
and sapwood was fairly representative although i1t was probably

15473°—33——2
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approximately so. In those species possessing considerable sapwood
the percentage obtained in the specimens is affected considerably b
the relative amounts of upper-grade and lower-grade lumber tested.
The percentage cf heartwood and sapwood is influenced greatly by
the age of the fimber, young timber possessing a larger percentage of
sapwood than mature timber. Table 2 gives the average specific
gravity for heartwood and for sapwood of each kind of lumber and
also the percentage of heartwood in the specifie-gravity specimens.

TABLE 2. —Avcrage specific gravity of hearticond and of semeood for the varions
Etnds of Mmber dudied, und the percentage of hearfwood

Averuge specific Comparative
gravity figura !

Kind of lomber
| Hoort |supwood| T2 | supwooe

. Points
Longleal pinal 100
Bhartleaf pine ? . . 460

};’nstgm larch._

WWestern hemlock
Norway pine_ ...
Boutharn eypress. ..
Foodetosa Dine
Western white pine
Sitka spruce.
Redwood
Northern
White fir

ERIREERIHAE

n
=1

. 1 The species of bighest specifle provity hns been designaizd 108 points, so thet the comparison with other
specles ean be made at a glunes, )

“*These values are based on the proportion of hearfwood spocimens to the total nomber.,

1 Commerciai designation. .
v Hegrtwood and sapwood not distioguishahle.

! SPECIES AND REGIONAL COMFPARISONS

Figures 8 to 8 show specific-gravity comparisons based on various
factors. These figures show the average specific gravity and the
variability in specific gravity. The average specific gravity is shown
in each diagram by the vertical line that extends slightly above the
top of the horizontal bar. The plain central area in each diagram
shiows points between which 30 per cent of the specific-gravity values
fall, while the limits of the diagram show the approximate total
range (99.95 per cent) of the values (7%, 18). In most of these charts
the species are arranged in order of the magnitude of their average
specifie gravities.

. The data shown in Figure 3 are based on tests on all of the speci-
mens of each species. Fach diagram for each species includes the
gpecimens from different regions, different sawmills, heartwood.
sapwood, and different lumber grades and sizes. Table 3 summarizes
these data so that a comparizon of species may readily be made.
poth with respect to the average specific gravity and range in
specific gravity. )

<Figures 4 and 5 show that the average specific gravity of the
heartwood of the different species varies more than the average
specific gravity of the sapwood of the different species. For exam-
ple, the difference between the average specific gravity of the heart-
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LONGLEAF PINE
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WESTERN LARCH

POUGLAY FIR

WESTERN REMLOLK
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Ficuan 4, —Specific-gravity averspes and rapges of the hegrtwood of the verious
softwood species :
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LONGLEAF PINE

SHORTLEAF PINE

WESTERN LARCH- .

POUELAS FIR

WESTERN HENMLACK

NORWAY PINE

WESTERN WHITE PINE

PONDEROSA FPINE

SOUTHERN ' CYPRESS

NORTHERN WHITE PINE

GITHA SPRUCE
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a

o/ ez 03 04 05 _06 0.7
SPECIFIC GRAVITY GAPW0OD)

Ficure §.-—=8peeifle-gravity avernges and rooges of the sapwood of the various

soltwood specles

LONGIFAF 2ineE

FLOFIOA

A A o o N W 5 5 5 o 4 A A 4

ANFIIFSIPPL

RTT | B R s

ALABANMA
LOFiFEANA

BOGCLEAT FiR

A e I WM 5 s

VKAJHINGTDN}
OREGON

“iNLAND EmPIRE"

CALIFaRNIA

A A A

PONGEROTA BiNE

CALIFOQRNIA

“INLAND EMPIRE

WHITE FiRF

CALIFORNIA

YINLANDG ENMPIRE

o e

2.2 a.3 04 o.5 a5 a7 a.8 a.9 .o

SPECIFIC GRAVITY @EHRTWEC?D AND JAPWOOD)

Ficyny 8. —Speciflc-gravity svernges ami ranges of the lumber of various softwood
species from different regions. The “Iolund Empire ? reglon comprises north-
western Monta, [dnhe north of the Snhnon River, Washingion enst of the
Cagele Mountiting, aud the northeastecn tip of Oregon
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SPECIFIC GRAVITY (SAPWOOL)
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Fistura 8.—Bpecific-gravity nverages and ranges of the' sapwood of several soft-

wood spectes from (ifferznt regiony
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wvood of longleaf pine, which has the highest average specific gravity,
and that o% the heartwood of sugar pine, whichk has the lowest
sverage specific gravity, is 0,241, wheress the difference between the
average specific pravity of the sapwood of longleaf pine and that
of sugar pine is 0.153. Since the heartwood in most softwoods
contains more extractives than the sapwood, the greater differences
in specific-gravity values of the heartwood may be largely attributed
to these extractives.

TaBrE 3.—Comparizon af the vuriows kinds of seffweod Mmber studled with
reapect fo the gpecific wravity

Avemnge valuo Range in values

Diﬁ%:‘-
- ence he-
Kind of lumier Cempar- | tween | Sompnr-
Actusnl ative maxi- ntive
Bgure t mpm fhrure 3
and min-
imuom ?

Par cent Per cewéo
Longlen! ine s 1) L 1
Bhortieaf pine ¢
Western lnteh

Weatern bemlock..
Narway pine,
§put}mm eY 0SS
x DHIC.
Westorn white pipe__
Blitks spruce__
Redwoolamma oo
Morthern white |
While fir ¢
Stigar ping

¢ Based ou the average specific gravity of foogleal pine. i .
! Tha approximmte tolnl Yunge, that is, W05 e gont of the specifle-grovily velues will fnll witkin this

TRREE.
L] gintiu of tho range to the mean within each speeles, compared with that of longlenf pine, which 5 taken
a5

¥ Commetelal designoation,
MILL COMPARISONS

There 1s considerable difference in the specific gravity of lumber
of the same species cut at different sawmills. These differences
may be caused by climatic factors, site factors, or characters or
type of the timber stand. The timber may be quite different be-
cause of differences in exposure. ryinfall, or soil. Moreover, one
mill may be logging virgin timber, while another mill in the same
locality may be logging youny open-grown rtimber with a large
percentage of sapwood. ‘Fhe effe.t of all of these various factors
that influence specific gravity is manifested in the product of a saw-
mill. Table 4 gives the average specific gravity of the heartwood
and of the sapwood sepurately for the lumber studied at the indivi-
dual mills. If the heartwood and supwood values were combined
the mill averages would be influenced by the relative amounts of
heartwood and sapweod in the speeimens collected, which pro-
portion might or might not be similar to that of the product of
the mill a5 o whole,
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TanLy 4-~-Average specific gravity of twmber, heartwood and omeood scp-
aratciy, ol the individual mills*

Average Avernge
ciie mﬂty cifte gra\?t;'
State where State whers
Kind of lnmhegr Trown Kind of lumber rOwE:
Heart- ‘Heart-} 8a;-
woot wood § wood -

Longieaf pine? ______| Florida........ 0.0 Brortleatand Jobwily ) Mississipi 0. 448
. pine,
.57

. B35 483

. 565 Arkansas____
Louisiann_._| . 558
LB N

. B54 Lounisisoa. . _
LR ITECT T .
. 627

Weighted gverage . 567
Western hemloek____| Wasbingt .303

A3 . Norway pine, Mi
414

Mississippi

Alabams ..

Weighted nversge

Qregon ____ .
Waighted aramge. L84

Eounlsiana. .
Misstssippl 7 372

Weighted averupe,

Poadeross pine Calllornia. ._

Weighted average_. . Montans,_

Sitka apruce. " 0’ . Welghted averuge

Northers wiite pine_{ Mlznesota__

Welghted average. R
Weighted sverage.-
Mootann...| . Douglas fir Washington_
Wolghted .

Sopgar pino._____..._.| Callforeia___ Oregon______

Weighted average.

Western whlto pine. .

Weighted average..
Redwood ...

Waighted average. . . 360
Shoirtle?f sod loblelly | Florlda, 473 Weighted average. .

‘pioe.
Mlssissippi L] 2 80 476

1 Beparation of heartwond and sng;mnd in white fir Is improcticable, The averuge speclfie povity of
‘the whita fir from two Californis mitls was €.320 and 0.324 2nd frem two “Inlend Empire™ mills, £.325 sl
0.238; the weighted average for the species was 0,328,

* Conjtoercial designation.

? Inadequate number in sample,

COMPARISON OF AVERAGE SPECIFIC GRAVITY OF DIFFERENT QUALITIES OF
LUMBER OF THE SAME SPECIES

The upper grades of lumber are obtained primarily from the outer
portions of the logs, which contain the clear wood, and more from
lower logs than from top logs. In most softweod species, the specific
gravity of the sapwood is lower than that of the heartwood. In
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mature or overmaturé timber the oufer portion of the iree is made
up of fine ringed wood that is often of low specific gravity, All of
these things tend to cause a difference in specific gravity between
upper and lower grade lumber within a species.

T'able 5 gives 2 comparison of the average specific gravity of the
upper and the lower grades of lumber studied. In some species
the Select, or upper-grade, lumber is higher in average specific
gravity than the Common, or lower-grade, Inmber, whereas in others
1t is lower. "The dats are inadequate to offer an explanation of these
differences.

i
Fanie b—Averege specifle gravity ond percentage of heurtwood in Seleet and
L Common. Lumber?

Select Common

Kird of lumber
- Suap- | ALl P Hesrt-| Hearl-) Sup- | AN
wood | wood | waod | wood | wood | weoed

H PR Fer
| Nyl
Longleaf pine 3 4 . L ., 40 3.5
Shortien! pine 38 . BiE . 74 |+ 135 |
Houthern gypress LA

Douglas fir (Washinglon aod Oregon)__

Western hemiock_ - __ .. ...
Bitky spruce N

Ponderosa pine (Culifornin)

Pangerosa pine (“Inlund Empice
Bugsr pine__.
Western whit.
Western Jarch.__.
Worthern while pine_ .
Morway pine P

a5

BERLRARE
T D DD @S

CBEIBERERSRE
CanroONnooDnn®

-y H

{'hi Whtslre spechuens of one guality anly were collected ol o snwnifll, they were not used In vomputing
is table. .

* Based on proportion aof heartwood specimens to the total number,
- T Commercind desiznation.
.4 The specific-gravity vaiues of ihe henriwand, sapwood, snd all wood, sml perceuisge of hesctwood
of longlea! nine Hooring were 0.55%, 0.475, 0.513, und 47.7, respectively,

¥ The specifle-gravity values of the haurtweod, sepwood, and all woed, and pereontuge of hesriwood qf
sbnrtleaf pine fooring were 0.528, .47, 0484, nnd 28,0, mypentively,

COMPARISON OF PRESENT fATA WITH PREVIOUSLY PUBLISHED DATA

Many data have been published previously on the specific gravity
of various species. The’ chief difference between the previously
published data and those presented in this bulletin is that the pres-
ent duts were obtained by a different method of sumpling. Tuble G
affords a compurison of the present data, based on specimens ob-
tained from lumber, with that based on specimens obtained from the
top of the butt log of selected trees {9). For most of the species the
date based on the lumber designation represent wood from a greater
number of trees more widely distributed over the geographical range
of the species than do the botanical duta. There are some relatively
small differences between these sets of data, which is not surprising
considering the different method of collecting the specific-gravity
specimens and differences in the method of making the tests. Such
small differences may or may not be important, depending on the use
to which the wood is put. -
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TARLE 6—Comparison of twnder dule with botanicgl daic

Lumber data Botanicul datw !

Kind of Wnnber -
Avernge : Avery .
apeciffc Spect- | ‘cnasifie Speci-

gravity | 908 | avavity mens

Number Number
agrlﬁnf piine-.. X 5,807 3

] clly pine - .

Shartlel pine. .. 1o 4350 : b ne
‘Weatarn larch —— R L4 . 214
Douglss fr (Washington and Oregon) .. .. A At . 1,04
Deugtas fre (' Inlond Empire '} . . 113
‘Weslern hemlock N L0 B
Narway pioe. . . 124
Bouthern cypress. . 77 . 470
Ponderosa pine_______. . . . k 7y
Western white pinc . o 7! . 211
Sitko spruce . 38 . 1, 34
Redwood_._. .5 583 ¥ §H
Northern white pine . 4 4RG B 28
White fir_ . . R T . ! firl]
Sugar pine-... . ..__... . e man i i L3 im

' Morkwarde, L. T, (5. * §pecies unknown, based on commmercial desigaation.

RELATION BETWEEN SPECIFIC GRAVITY AND VARIOUS
PROPERTIES

The specific gravity of wood through its effect on the properties
Lias to a large degree controlied the uses to which wood has been put.
There are other properties besides specific gravity that determine
the suitability of a wood for specific purposes but specific gravity
1s a vewy important one. Considerable information concerming the
effect of specific gravity on some properties exists, but for many
others it is lacking.

MECHANICAL PROPERTIES

The mechanical properties of wood are related to its specific grav-
ity and increase with an increase in specific gravity (9, 10). For
uses where it is important that the wood be hard, stiff, or resistant to
breaking it is important that the specific gravity be high. In
number of softwood species the pieces of wood of high specific grav-
ity may be separated from those of low spacific gravity by a visual
inspection. Where it is necessary to select wood for maximum-
strength properties it is usually sufficient merely to discard those
pieces showing a small percentage of summer wood. (P. 2.) Fig-
ure % shows the relation of specific gravity to the modulus of rupture
for 114 species of hardwoods und 48 species of softwoods (8). The
correlation within a species of specific gravity and modulus of rup-
ture is closer than among species.

In general, wood of high specific gravity will resist wearing bet-
ter than wood of low specific gravity; therefore dense wood is the
more suitable for flooring. g—pec.ies in which there is a marked
difference between the heavy summer wood and the light spring wood
usually possess a greater tendency to sliver than do other species.
Edge-grained material wears more uniformly than flat-grained ma-
terial, especially in woods with a great contrast between the suimmer
wood and spring wood.
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The nail-holding properties of wood are closely related to its
specific gravity, the denser the wood the greater its nail-holding
power {15). ] )

Although there is relatively little information on mail splitting,
such experiments as have been made indicate that the denser woods
have a greater tendency to split in nailing. It is also general opinion
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that of two woods with similar specific gravities the one having the
greater contrast between the sammer wood and the spring wood has
a greater tendency to split (4).

DRYING RATE

As far as is known, no information exists concerning the effect of
specific gravity aloue on the rate of percentage moisture loss from
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wood. The differences in the drying rates of the various softwood
species are probably due to fuctors other than specific gravity, A
dense wood loses more moisture, in an absolute sense, than a light
wood in losing the same percentage of moistire, since in the dense
wood each percentage of moisture content represents a greater amount
of moisture. If a piece of wood is heavy hecsuse it has a large
amount of extractive material the drying will probably he hindered
somewhat by the presence of the extractives,

EQUILIBRIUM MOISTURE CONTENT

For practical purposes it has always been maintained that wood,
regardiess of the species, heartwood or sa pwood, specifie ;if,ravity, and
the like, comes to a constant moisture-content condition when exposed
to a given temperature and relative humidity for a prolonged period.
Indications that there are some deviations from this general rule have
been found, especially with respect fo the influence of different
quantities of extractives. Experiments with the heartwood of long-
leaf and of shortleaf pine indicate that the moisture-content equi-
librium valies for resinous weods ave lower than for wood that is
not so resinous (19).

EHRINKAGE

In general, woods of high specifie gravity shrink in volume more
than woods of low specific gravity, although this relation is subject
to considerable irregularity Both among different species and among
individual pieces of the same species. When the shrinkage of wood
is resolved into its three components—tangential, radial, and longi-

tudinal-—the relationship with specific gravity becomes more complex.
In the plane perpendicular to the axis of the tree, dense wood shrinks
more than light wood; in the plane parallel to the axis of the tree
dense wood shrinks less than light wood. Compression wood, which
is very dense abnormal waod, has a much greater shrinkage in a
longitudinal direction than normal wood, and a smaller shrinkage in
the other two directions than normal wood. Various investigators
(3, 73} have found that thick-walled cells shrink more tangentially
and radiaily than do thin-walled cells. This would explain why
dense woods, which possess a large proportion of thick-walled cells,
ordinarily shrink more than Jight woods,

WOOLWORKING PROPERTIES

Specific gravity plays an important urt in the case with which a
wood inay be cut, planed, shaped. or otherwise worked. Light woods
are more easily worked than hea vy wouds. Other properties besides
specific gravity also affect the workability of.wood. A light wood
with lack of contrast between summer wood and spring wood works
more easily than oue with grent contrast between summer wood and
spring wood. Straightness of grain is also necessary if wood is to be
easily worked,

Among the softwood species dealt with in this bulletin there is
a slight contrast between the summer wood and spring wood in
northern white pine, sugar pine, and western white pine; in Sitks
spruce, western hemlock, white fir, redwood, and southern Cypress
there is a moderate contrast between the summer wood and spring
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wood; in ponderosa pine there is a proncunced contrast hetween
spring wood and summer wood, but the width of the summer wood
varies grestly; aad in Norway pine, Douglas fir, western larch,
shortlea® pine, and longleaf pine there is a great contrast between
the summer wood and spring wood.

PAINTING PROFPERTIES

As a general rule woods of low specific gravity are more satis-
factory for painting purposes than woods of high specific gravity
{#). Besides specific gravity, however, the width of the bands of
dense summer wood is important. Two weods might have the same
average specific gravity, but the one of faster growth would have
wider bands of summer wood and would therefore be less satisfactory
for painting, Tn exterior painting the paint fails first on the summer
wood of wide-ringed wood, especially on the tangential faces where
there are larger arcas of summer wood thun on the radial ones. For
interior painting a light wood with slight contrast between the
summer wood and spring wood is preferable to a wood with marked
contrast, because the grain in the latter will often show through an
cnameled surface.

GLUING PROPERTIES

- In general specific gravity affects the gluing properties of soft-
woods, but gluing of wood Is such n complicated matter that 1t is
impossible to state any simple relation (74). A light wood with
slight contrast between swniner wood and spring wood is easier to
glue than a heavy wood with great contrast between summer wood
and spring wood because it is difficult to make the glue adhere satis-
factorily to the hard, dense summer-wood bands. The denser woods
are preferred for strong glued joints because in joints made under
proper gluing conditions failure is usually in the wood and not in
the glue; consequently the denser woods make the strongest glued
joints. It is possible, however, under proper plning conditions to
make joints in practically all softwoods as strong as the wood itself.
Specizl care must be taken with the dense woods.

RAISED GRAIN

Raised grain results in the cormgated appearance of the surfaces
of lumber and is caused by the summer wond cither projecting above
or being depressed below the level of the spring wood. This may be
brought about either by the pounding of the harder summer wood
into the softer spring wood in the provess of surfacing in the manu-
facture of humber or by the differential shrinkage of the spring wood
and summer wood (6). Raised grain usually occurs where there is
a marked contrast between summer wood and spring wood, but it is
rof influenced by the specific gravity of the wood as a whole.

SHIPPING WEIGHTS

The weight of a given quantity of lumber depends on the amount
of wood substance plus extructives and the amount of water present.
At a definite moisture content the hunber that has the highest
specific-gravity value will weigh the most. Anocther factor that con-
tributes to this difference in weight is the fact that a certain percent-
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age of moisture in a heavy wood represents maore absolute water than
the same percentage in a lighter wood. Table 7 gives the actual
weight per thousand board feet as well as that based on one standard
commercial size of the softwood lumber studied. To obtain the
weight of any pattern or size of lumber at 12 per cent moisture
content it is necessary -nly to find the ratio of the actual cross
section of the lumber tv the cross section on which the lumber scale
is based, and multiply the values in the next-to-the-last column of
Table 7 by this ratio. For the 1 by 8 inch boards given in Table 7
this ratio is 0.782, determined in the following manner; '

1IXT%4_0.781X7.5_5.85
IX8 ~ 1x¥ 80

=(.732

where 3§ by 714 inclies are the actual cross-sectional dimensions and
1 by 8 inches are the cross-sectional dimensions on which the lumber
scale is basad. ‘

Tanre T~Weight of Tumber in pownds per thousend board fcet at 12 per cent
moigitre content

Calcu- Caleu- Weight | Values
lated lated of 1,00 | in J:m-
w[ei ht | weight bom'g teet, ml ing
: of dry of dry columa
grp:‘ﬁ;?\c wond in 5 | wood ut | plas 12 bgé.:{iog‘a]et
¥ | 1 euhig 1,000 12 per | per vent 'y 1by &
faot of . cent mols| for the |, halﬂl-
gTHEN ture con- | weight of ber &
wood | Lent 4 water §

Caleu-
lated
weight
Kind of lumber

I
Puoitiidy Fercenl | Pownds | Poundy | Pounds
Longleal Ppioe 1 33.57 T g3, 5 o2 B 3,251 2, 380
Bhortleal pine ?. | . 249,33 2, 128 2, 143
Western larch .. i . 27. 0 2T 2092
27, 38 2,713 1, DRG
24 58 2,442 1,788
1,750
I
1,042

Jopzjabata
P
BEEENE

" Norway pina
Sputhern cypress .
Ponderosa
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1 Specific gravily times 42.4,
‘ ! Value in pteesding column times B2.3.  There are $3.3 cubic feet in g thousund 1 by 1 by 12 jnch hoord
o6t .
* G2 bundred per cent minug approsimately one-half of the total volumetric shrinkage.

* Waight of wood per thousand board feet divided by 100 minus percentage shrinkage.

t Weight of wood per thousand board feet divided by 100 minus percentage shrinkege, plus weight of
water.

t Values in preceding column multiplied by 0,732, which s the ratin of the actiml cross-sectlonwl aren of
the hoards ta the erpss-sectiona] area on which the lumber scale is brsed.

¥ Commercinl designation.

The figures in Table 7 are based on the average specific-gravity
values obtained in the present study. Because there is considerable
variation in specific gravity mmong pieces of the same species,
the weight of any particular thousand board feet of Inmber at a
moisture content ofp 12 per cent will seldom Dbe the same as that
given in Table T but, in the absence of actnal weighing, will be a
close approximation of the weight and may be used for most
practical purposes.
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TREAYTING PROPERTIES

In the treating of wood for preservative purposes the effect of
specific gravity, if any, is completely obscured by other more impor-
tant factors.

FUEL VALUE

The heating value of a givern volumie of dry wood is in direct
relation to its specific gravity (5). A given weight of one wood has
approximately the same value as a like weight of another wood,
altnough the presence of certain extractives alters this relation by
increasmg the fuel value,

HEAT CONDUCTIVITY

Wood dépends for its heat-insulating properties on its cellular
structure (7, 76}. Wood is composed of small cells which, when
dry, contain air in the cavities. In general the efficiency of an
insulating material depends on the percentage of aiv space and the
distribufion of this air space. One large air space is not nearly so
cffective as a large number of small spaces. Wood has naturally a
very advantageous distribution of the air space. The greater the
percentage of air space, provided it is advantageously distributed,
the better the insulution. Light wood contsing a greater propor-
tion of air space than dense wood; therefore, the insulating prop-
erty of wooud varies inversely as its specific gravity.

PULP YIELD

When calculating the yield of pulp from a given volume of wood,
such as a cord, the yield is related to the specific gravity of the
wood (I%¥). [IExtractive materials, althongh contributing to the
specific gravity of wood, contribute nothing to the pulp yield, as
this is made up chiefly of the stalle cellulose originally in the wood.

SUMMARY

In classifying softwood lumber with respect to specific gravity
three things should be considered: (1) The average specific gravity.
{2) the lack of uniformity among individual pieces, and {3) the
contrast between the spring wood and the summer wood. Longleaf
pine, shortleaf pine, western larch, and Douglas fir are heavy woods;
western hemlock, Norway pine; southern cypress, ponderosa pine,
western white pine, Sitka spruce, and redwood are moderately heavy
woods; and northern white pine, white fir, and sugar pine are light
woods. Longleaf pine, southern cypress, redwood, shortleaf pine,
Douglas fir, ponderosa pine, and western larch have a grent rauge in
specific gravity; western hemlock und Norway pine have & moderate
range; and white fir, Sitka spruce, sugar pine, western white pine.
and northern white pine have a small range. In longleaf pine,
shortleaf pine, western larch, Donglas fir, and Norway pine there is
a strong contrast between the spring wood and the summer wood; in
penderosa pine also there is & pronounced contrast between spring
wood and sutnmer wood, but the width of the summer wood varies
greatly; in southern cypress, Sitka spruce, western hemlock, white
fir, and redwood there is &« moderate contrast; in western white pine,
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northern white pine, and sugar pine there is only a slight contrast
between the spring wood and the summer wood.

The range in specific gravity is wide in different kinds of softwood
lumber and also in individual pieces of lumber of the same species.
In most softwood species an apprecinble diffevence is found between
the specific gravity of heartwood and of sapweod.

As an index to the usefulness or suitability of lamber for definite
purpaoses; not only 1s it important to know the average specific gravity
but also the range in specific gravity. With such knowledge it 1s
often possible to select individual pieces of a weuak species exceeding
in strengil the average of a stronger one, and to segregate the Ium-
ber of a species into specific-gravity classes, so that each elass may be
directed to the uses for which it is best suited. Tt is also important
to take into consideration the conlrast between the summer wood
and the spring wood.
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