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The redwood, as found in the virgin stands, is one of the 1`irtrees of the world. It is long-lived, reaching an age of 1,30oor more, and commonly attains a diameter of 5 to 10 fee t,
height of over 250 feet . (Pls. 1 to 3 .) Because of its great s iz e
tree yields a high percentage of clear lumber .

The natural range of redwood is confined to a relatively Dar rbelt of northern California, extending about, 500 miles al ong
coast and from 10 to 30 miles inland, and in addition there issmall area . of some commercial importance south of San F ranc .
Redwood grows at elevations ranging from sea level to about 3
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FIGURE 1 .-Commercially important range of redwood

feet. The commercially important range of redwood is abou t
miles in length, as indicated by the shaded area in Figure 1 . T
redwood region. is characterized by abundant atmospheric moist
throughout most of the year (3) . '

Redwood (Sequoia semperv&ens (Lambert) Endlicher) shoo
not be confused with big tree (S. wasltingtoniaua (Winslow) S u
worth), a closely related but distinct species whose range is canfn
to the west side of the Sierra Nevada Mountains at elevations f
5,000 to 8,500 feet. In general, the big tree is of larger dia.nle

s Italic numbers in parentheses refer to Literature Cited, p. 48 .



REDWOOD TREES ARE LONG LIVED, FREQUENTLY REACHING AN AGE OF
1,300 YEARS OR MOR E

The section shown is from a tree 864 years old .
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d attains a greater age than the redwood but is not now of com-
ercial importance (13) .
+ The stand of virgin redwood was estimated in 1920 at about 72, -

000,000 feet, board measure (14), and the annual cut since the n
as been about 500,000,000 board feet . Although the exhaustion o f
rgin stands is not to be shortly anticipated, some operators hav e

iven and are giving thought to reproduction on cut-over areas ,
nd are looking forward to continued production from second-
owth stands. Since most second-growth redwood has ample grow -
g space in its early years, the wood put on in early life is of mor e
pid growth, weaker, and contains more knots than the virgin-

growth redwood that has grown slower under normal forest compe-
tition throughout its entire life . Economic considerations will no
doubt require that the second-growth stands of redwood be cut be -
fore the competition within the stand is sufficient to result in th e
formation of wood comparable to that of virgin growth .

PURPOSE

The purpose of this bulletin is to present information on the physi-
cal and mechanical properties of redwood . Such information is of
value to architects, engineers, manufacturers, lumbermen, and others
requiring detailed information on the properties of redwood . In
addition, it should be of aid to foresters contemplating managemen t
plans for reforestation by affording a comparison of the propertie s
of second-growth redwood produced under widely different growt h
conditions with those of virgin-growth material .

NATURE OF STUDIES

The information on redwood presented in this bulletin resulte d
from an intensive sampling in the field of trees from different sites
and localities for specific gravity, and from selected typical log s
that were sent to the Forest Products Laboratory for comprehensiv e
strength tests . Hence the study is discussed under two divisions ;
namely, (I) specific-gravity survey and (2) strength and relate d
properties .

The specific gravity survey consisted of determining the specifi c
gravity of specimens taken from the pith to the circumference and at
intervals from the butt to the top of each of a number of redwood
trees from different sites and localities .

The study of properties consisted of standard strength tests o n
small, clear specimens of virgin-growth and second-growth redwoo d
from Humboldt and Mendocino Counties, Calif . In addition, in-
formation was obtained on shrinkage, the abnormal wood known as
compression wood, the distribution of moisture within the tree, th e
effect of moisture on the strength of the wood, and the influence o f
substances naturally present in the wood, called extractives (p . 21) .

SPECIFIC GRAVITY SURVEY

The. specific gravity (p. 40) determinations were made on many
small specimens from

( p
each

.
of 56 virgin-growth and 42 second-growthrees. The trees were selected in different localities from sites (p . 46)
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that covered the range of growth conditions . The site classe s
virgin redwood were determined in accordance with accepted s
cultural practice by the total height development of the dorm
trees. The average height of the dominant trees on Site I wa sfeet and over ; on Site II, 211 to 250 feet ; on Site III, 171 t ofeet ; on Site IV, 131 to 170 feet ; and on Site V, 130 feet and undoWith second-growth redwood the. site classes were based on th eand height development of the dominant and codominant trees ( "-
Of the second-growth trees from Mendocino County, three wer e
open stands, which permitted unrestricted crown developmen t
others were from normally well-stocked stands . (Pl. 4.) The
ond-growth trees from Humboldt County were all from the sa
stand.

SPECIFIC GRAVITY AND VARIATION

Table 1 gives the average results of the specific gravity determ
tions for virgin-growth redwood, and affords a means of compa
material from different sites in Humboldt and Mendocino Coun
Table 2 presents the average results of the specific gravity determ
tions of virgin-growth and of second-growth redwood withou t
gard to source of material .

TABLE 1 .-4des7ilts of specific gravity determinations, by lots from different
- of virgin-growth redwood

Probable v ariation

Place of growth Lot No . Site class Trees Spew- Averag e
specific Individual Individual :

No . wens gravity I trees fro m
average

Specim °n
from aver -

age

Number Number i Per cent Percent
Humboldt County	 3 I 5 452 0.365 8.1 6

Do	 3 II 4 312 .364 6. 90 821
Do	 ' 3 III 4 168 .375 3.22 9
Do	 3 III 6 567 .364 8.30 121 5
Do	 3 III 5 399 .356 9.00 11.9}

3 IV 5 339 .357 5.47 9.73 FFFDo	

ITotal or average	 . .-__ 14V 29 2,237 .363 5.99 10, 40

Mendocino County	 2 II 5 467 .388 2.95 9.20
Do	 2 II 2 174 .393 ------------ 11.21
Do	 1 III 5 357 .380 7.20 11.1 7
Do	 2 111 5 302 .373 4 .33 9.83
Do	 1 IV 5 234 .374 1 .51 9.86
Do	 i

	

2 IV 5 275 .415 2.97 10.79

Total or average	 .---- II-IV 27 1,807 .387 5.00 10.78

Based on the weight of the oven-dry wood and the volume when green .

TABLE 2.-Results of specific gravity determinations of virgin-growth, an d
second-growth redwoo d

Type of growth

Virgin growth	
Second growth, closely grown	
Second growth, openly grown	

t Based on the weight of the oven-dry wood and the volume when green .



PLATE 3

REDWOODS GROW TO GREAT HEIGHTS, MANY EXCEEDING 250 FEET
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The last two columns of Tables 1 and 2 are, respectively, percentag e
figures on the estimated probable variation in specific. gravity of an
individual tree as a whole from the corresponding average, and of a n
individual specimen of a tree from the same average. The prob-
able variation is a value such that there is an even chance tha t
a random specimen will not be above or below the average by mor e
than this amount . For example, the figure 10.67 per cent, given in
Table 2 as the probable variation in specific gravity of an individua l
specimen of virgin-grown redwood, means that there is 1 chance in
4 that a small specimen selected at random will have a specifi c
gravity of less than 0..334, that is, 0.374- (0.1067X0.374) ; 2 chances
in 4 that it will be, between 0 .334 and 0.414, and 1 chance in 4 that
it will be greater than 0 .414. Expressed in another way, about
one-half of the specimens from the virgin-growth redwood had a
specific gravity between 0.334 and 0 .414, the other half being divide d
about equally above and below these limits .

The estimated probable variation in specific ,gravity of an in-
dividual virgin-growth redwood tree from the average of all tree s
examined for the species was 5 .54 per cent .

The estimated probable variation in specific gravity for an in-
dividual tree and for an individual specimen of second-growth red -
wood was less than for virgin growth . (Table 2.) This may, per-
haps, be accounted for by the smaller size of the second growt h
trees and the likelihood that because of their younger age they ha d
not encountered the range of growth conditions experienced by the
virgin-growth trees . Tn addition, the greater amount of extractives
in the virgin-growth redwood was also a contributory factor .

Although definite information is presented on the variability o f
redwood, it should be noted that variability is not a characteristi c
of redwood alone but is common to all woods, and in fact all ma-
terial. It is important to recognize in the manufacture, grading ,
seasoning, and selection of wood for different uses that all specie s
exhibit variations in the properties of individual pieces, but i t
is even more important to know something of the extent of these
variations. The information presented on the magnitude of varia-
tion in the properties of redwood, therefore., should be of particula r
value in the utilization of this species, since by a careful selectio n
and classification of material of different characteristics and prop-
erties, the variability of wood, which is usually regarded as aliability, can, within limits, be made an asset. For example, the
dense redwood is preferable for structural timbers, whereas th e
fighter weight, slow-growth redwood is preferable for such purpose s
as pattern stock .

SPECIFIC GRAVITY AS AFFECTED BY DISTANCE FROM PITH

Large differences were observed in the specific gravity of redwood
<-ithm cross sections of the tree at any given height . In some virgin-

growth trees, at a given height, a gradual decrease in specific gravit y
•

111
oceurred in the heartwood from the pith toward the circumference ,_ others an increase took

	

whereas in others there was bu t; :little

	

,'

	

place,

	

,change. (Fig. 2.) Toward the upper end of the merchantable
ength, however, the wood near the circumference was generall y

Aighter*in weight than at the pith . (Fi g 3.) The sapwood through-'ot~t the virgin-growth trees was consistently lighter in weight than
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the adjoining heartwood, apparently because of the higher contentof extractives in the heartwood . The highest and lowest specifi c
gravities of small specimens found in a single tree of virgin growthwere 0.518 and 0.210, respectively, both samples coming from th ebutt cut .

SPECIFIC GRAVITY AS AFFECTED BY HEIGHT IN TREE

The wood at the base of the redwood trees (stump height) wa s
found to be higher in specific gravity than that farther up the stem
(Fig. 4.) The decrease in specific gravity with increasing height
in tree for virgin redwood was fairly rapid over the lower half o f

0 .20

	

4

	

8

	

/2

	

/5

	

20

	

24

	

28

	

32
0/STANCE FROM P/7H QNCHcS)

FIGURE 2.-variation of specific gravity with distance from the pith for three differ-
ent virgin-growth redwood trees at a height of 20 to 30 feet above the ground ,
showing (A) increase in specific gravity with distance from pith for greater part
of diameter (B) little or no change, and (C) decrease . Each curve is distinguished
by full and dotted lines representing specimens taken from opposite sides of th e
pith

the merchantable length and more gradual toward the top . The
average difference in specific gravity of butt and top logs was about
15 per cent, which is sufficient to permit a judicious selection of ma-
terial in manufacture to meet better the use requirements of serv-
ice. For example, structural material that is cut from the lowe r
logs of virgin-growth redwood will, for given defect limitations,
average higher in strength than that cut from logs higher in the tree .

SPECIFIC GRAVITY VARIATION AMONG TREES

In addition to the variation of wood from different parts of th e
same tree, redwood, like wood of other species, showed a considerable
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difference in specific gravity among different trees . The greatest
observed difference in average specific gravity between individua l
trees of virgin-growth redwood from a single site was '25 per cent ,which was based on the heaviest tree (fig . 5), whereas the greates t

BIOME 1. MI
EMS= 91U

HEIGHT IN TREE -/67 FEET
.1111■~~~1M~~=1•

11111111IM1111111 NMI
lGH~~^ - /3FEEEET ! ■.,

MIM\
HE/GNT IN TREE - 98 FEET ~..~

pl•ITT
■■■ ■■■■■■■

■■■■■ ■urmsrmw.mo1 smIn>•lm..m.••=•E=■1•
HEIGHT IN TREE - 59 : FEE T

1 rr,[ntt; & .-vori :atiou in s pecific r rravity with distance from the pith for differentheights in a selected virgin-growth redwood tree. The sharply downward tren d
Kt the outer part of the ciii'ves is duo to the lower specific gravity of the sap -
Wood as compared with the adjoining heartwood, The two curves for each heigh tdis tinguished by full and dotted lines represent specimens taken from opposit e
s ides of the pit h

difference between individual trees throughout the entire rang e
,was only 30 per cent. The two trees representing these extremes,was

frothe same county. The data indicate that growth condi-
tions as affecting individual trees within a site and perhaps in-
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herent differences in strains or types of trees are - of grey
importance in causing variations in virgin-growth redwood tha
geographical location within the normal range .

SPECIFIC GRAVITY AS AFFECTED BY SITE CLASSIFICATION

No definite relation was apparent between the conditions an d
which the redwood trees were grown, as indicated by the site classiq

LEGEND

	

0
• - SECOND GROWTH
// TREES - OPENL Y GROWN
- SECOND GROWTH

3/ TREES - CLOSELY GROWN
0 - V/RG/N GROWTH

56 TREES

zo

o	 I	 I	 I	 I	 I
O./

	

0.2

	

O3

	

0. 4
SPEC/F/C GRAVITY '(BASED ON THE WE/6/-IT OF

THE OVEN-DRY WOOD AND THE VOLUME WHEN GREEN)
FIGURE) 4.-Variation in specific gravity with height in tree for virgin-growth an d
second-growth redwood . Curves are the average for all trees of each type studie d

cation number (p. 4), and the specific gravity of the wood. The
average specific gravity values of all the virgin-growth redwood
trees from Humboldt County were 0 .371, 0 .370, 0 .367, and 0.361 for
Sites I, II, III, IV, and from Mendocino County 0 .387, 0 .384, and
0.394 for Sites II, III, IV, respectively . (Fig. 6.) If the site quality
class is a factor in influencing the specific gravity of redwood, the in -

' fluence on the material sampled was so small that it is obscured b y
other factors . For example, the extent to which a tree is crowded has
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marked influence on the character of the wood produced, as shown
by the fact that in the second-growth redwood the closely grow n
mall-crowned trees were approximately 10 per cent higher in aver -
age specific gravity than the large-crowned openly grown trees (11) .

SPECIFIC GRAVITY AS RELATED TO REGION OF GROWT H

The influence of region of growth on the specific-gravity an d
strength properties, although known to be of appreciable signifi -

190

140
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d~	 I	 I	 I	 1I	 o
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SPECIFIC GRAVITY BASED ON THE WE/6HT

OF THE OMEN-DRY WOOD AND THE VOL UN! WHEN GREEN)
FIGunE 5 .-Maximum range in the average specific gravity at various heights of

individual virgin-growth redwood trees from single sites in Mendocino an dHumboldt Countie s

cance in some species, is often overestimated. However, producershave frequently recognized some difference in properties of virgin-growth redwood from the two principal producing regions, Hum-
boldt and Mendocino Counties . The virgin-growth redwood from
le'u`lkrino County which was studied had an average specific gravit y

of 0.387 ; that from Humboldt County 0 .363, the difference being"bout 6 per cent. (Table 1.) Because of the large differences individual pieces from the same tree the average difference in specific
1060010-32
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gravity between counties gives no assurance that in Sinai! shiplighter or heavier material will be obtained from one countfrom the other . It would appear, however, from the informaz
opresented here that large shipments of virgin-growth redwood

1>r;

I

	

II

	

III

	

IV

SITE GLASS/r /CATION (NUMBER)
FIGURE O.-Average specific gravity of individual virgin-growth redwood trees by

site classes for Humboldt and Mendocino Counties. The full curve represents th e
average specific gravity of all trees for each site for Humboldt County and th e
dotted curve for Mendocino County . A site classified as I has dominant tree s
251 feet or over ; Site II, 211 to 250 feet ; Site III, 171 to 210 feet ; Site IV, 131
to 170 fee t

ber from Mendocino County would average slightly higher in specifi c
gravity than those from Humboldt County .

There was no significant difference in the average specific gravit y
of second-growth redwood from Humboldt and Mendocino Counties .
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SPECIFIC GRAVITY AS RELATED TO RATE OF GROWT H

Figure 7 shows the relation between specific gravity and rate of
growth in the heartwood . Rate of growth is represented by the
number of annual rings per inch ; the greater the number of ring s
per inch, the slower the growth rate . (Pl . 5 . )

In general, the highest specific gravity is found in redwood havin g
between 9 and 30 rims per inch . Low specific gravity is most com-
monly associated with exceptionally fast and exceedingly slo w
growth (4) . Very slow growth often occurs in the outer portion o f
mature virgin trees .

Virgin-growth redwood from Humboldt County was found to b e
lighter in weight for the same rate of growth than that from Men-
docino County. Second-growth redwood, on the other hand, showe d
practically the same relation between rate of growth and specific
gravity in one county as in the other .
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FIGURE 7.-Relation between specific gravity and rate of growth of the heartwood
of redwood

EFFECT OF SPECIFIC GRAVITY ON THE UTILITY OF SECOND-GROWTH REDWOO D

The average specific gravity of second-growth redwood was les s
than that of virgin-growth material . The closely grown second-
growth trees were about 5 per cent lower and the openly grow n
second-growth trees about 15 per cent lower in average specifi c
gravity than the virgin growth. (Fig. 8 . )

The significance of these differences naturally depends on the ulti-
niate use. of the wood, and it is obviously difficult to predict trend s
m consumption to arrive at the use requirements of the future .
Considering the tree from the standpoint of structural timber, an d
to some extent of lumber, the advantage of wood of closely grown
material over that from the openly spaced reproduction is apparent.
Aside from the. higher specific gravity of the clear wood of virgin -
growth redwood, it is of course evident that young second-growth
trees, because of the prevalence of limbs, can not be expected t o
Yield so high a grade of timber or lumber as the virgin-growt h
material .

/0 20 I/O /20 /30
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DESCRIPTION OF TEST MATERIAL AND METHOD OF TESTING
FSTRENGTH;

The. trees used for the strength tests were selected in the woods s oas to be representative of the average and the range in specifi cgravity of redwood, as previously determined by the specific gravitpsurvey. (P. 3.) Logs from trees selected in this manner 01,3;
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SPEC/F/C GRAVITY BASED ON THE WE/6HT

OT THE OPEN-DRY WOOD AND THE Mt/NE WHEN GREEN)

FIGURE 8 .-Variation in average specific gravity by counties and height in tree for
virgin-growth and second; growth redwood

strength data considered more representative of redwood as a specie s
than that from the same number of logs taken at random . Both
virgin-growth and second-growth material from Humboldt an d
Mendocino counties were included in the strength study. The logs
were shipped in a green condition to the Forest Products Laborator y
where they were cut into small, clear specimens for testing .

A complete series of standard strength and related tests (1) wa s
made on the redwood in both the green and air-dry condition . The



CRO~DECT IONAL VIEW OF TWO SPECIMENS OF SECOND-GROWTH RED -BOTH AT SAME SCALE, EXHIBITING A LARGE DIFFERENCE IN RAT EOF
GROWTH AS SHOWN BY THE WIDTH OF THE ANNUAL RING SA, Closely grown second-growth redwood . B, Openly grown second-growth redwood .
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tests included specific gravity, shrinkage, static bending, impact
bending, compression parallel to grain, compression perpendicular
to grain, tension perpendicular to grain, hardness, and toughness.

RESULTS OF STRENGTH TESTS ON VIRGIN-GROWTH REDWOO D

Tables 3 and 4 present the average results of strength tests on
small, clear specimens of virgin-growth redwood . Table 3, in ad-
dition to presenting comparative strength values for redwood, in -
eludes strength figures for a number of other commercial softwood s
of the United States with which comparison may be desired . The
strength figures are expressed as percentages, redwood being take n
as 100 per cent . The comparative strength figures for redwood in
Table 3 are obtained by making certain combinations of the me-
chanical properties given in Table 4. The .comparative strength
figures are based on tests of both green and air-dried wood, an d
consequently represent a combination of moisture conditions . A
complete discussion of the method of determining the comparative
strength figures, together with the data on other species, is given i n
United States Department of Agriculture Technical Bulletin 15 8
(8) . Because the values for redwood given in the footnote of Tabl e

are based on more comprehensive tests, they supersede those given , ;
Technical Bulletin 158 (8) . ..
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Table 4 presents values for redwood in a green and air-dry Iona ;
tion, based on tests of small, clear specimens (1) . The values yr
Table 4 are comparable to the values for other species given in Unite d
States Department of Agriculture Bulletin 556 (t1) and are used b yengineers and architects for calculating the load-carrying , apacitof wood, and in arriving at safe working stresses (8) for structural
timbers containing defects .

RESULTS OF STRENGTH TESTS ON SECOND-GROWTH REDWOOD

There is comparatively little second-growth redwood, and from a
commercial standpoint it is of practically no importance at the preS_
ent time. The detailed strength values for second-growth . have
therefore been presented in the Appendix. The second-growth red_
wood used for the strength tests was classified according to whether
it was from dense stands or from openly grown stands . The second..
growth redwood from the dense stands was somewhat lower in weigh t,
and strength than the virgin-growth redwood, but, like virgin..
growth redwood, had relatively high . strength values for its weight .

Relatively few second-growth redwood trees from open stands ar e
to be found . Those tested were lighter than either virgin-growth
redwood or second-growth redwood from dense stands, and wer e
also lower in some important strength properties than would be
expected from their weight .

FACTORS AFFECTING THE PROPERTIES AND USES OF REDW00 D

Since second-growth redwood is not of commercial importance at
the present time, the following discussion of properties and uses i s
concerned chiefly with virgin-growth redwood .

RELATION BETWEEN SPECIFIC GRAVITY AND STRENGT H

Strength studies on many species of wood have shown that there i s
a definite relation between the specific gravity of wood (oven dry )
and its several strength properties (10) . In general, the higher
the weight of the dry wood, the greater is the strength . This rela-
tion of weight and strength holds among the different species of
wood and also among individual boards of any one species .

Frequently a. given species is characteristically high or low in dif-
ferent properties as compared with other species of the same specifi c
gravity. It is rare that any species is, for its weight, exceptional in
all of its strength properties .

The weight-strength relations for individual boards of any on e
species are often different from the weight-strength relations base d
on a number of different species . Curves illustrating the relation -
ship between specific gravity and a. number of strength properties o f
virgin-growth redwood in a green condition . based on values of indi-
vidual tests, are shown in Figures 9 to 11 . While there is a genera l
relation between specific gravity and strength, there is still consider-
able deviation of individual values from the curve best representin g
the plotted points. In the curves illustrated, side hardness increases
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most rapidly with an increase in specific gravity, maximum crushin g
strength llext, and modulus of rupture least rapidly .

It may be noted that when a property increases rapidly with
specific gravity, as, for example, hardness, a small difference in
specific gravity accounts for a relatively large difference in that
property. Thus in redwood, if one board is twice as high as another
In specific gravity, it would be expected to have not twice, but four

0.2

	

0.3

	

0.4

	

0. 6
SPEC/F/C GRAY/TY (L4SED ON THE WE/6//T

OF THE OVEN-DRY WOOD AND ME VOLUME WHEN GREEN)
FIGURE 9 .-Relation of maximum crushing strength of green virgin-growth redwoo d

to specific gravit y

times the. hardness, as this property varies as the square of th e
eelfie gravit .

f In bending strength, crushing strength, and hardness, the valise s
or vir gin-growth redwood are somewhat higher for the specifi c

gravity than would be expected from the average behavior of othe r

Cure hardn ss i~2,780 Gp; maximum t
c
r crushing strength-22,7 W 22,

7
green

0 G1 ; and modulus of up-
rou 3 1,100 GI .3. Among different species the power of G for these properties has bee n
gtav'ii t o be 225, 1 .00, and 1 .25, respectively ; G in all cases representing the specific

tY, oven dry, based on volume when green .
106001 °-32

	

3
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FIGIIKE 10.-Relation of side hardness of green virgin-growth redwood to specific
gravity
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b'IGORIâ 11
•-Relation of modulus of rupture of green virgin-growth redwood to

specific gravity
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species, while the values for shock resistance as measured by tota
lwork in static bending and height of drop in impact bending ar
esomewhat lower. (P. 43. )

RELATION BETWEEN MOISTURE AND STRENGT H

Small, clear pieces of wood in drying from the green conditionusually increase in most strength properties after reaching the fiber .saturation point. (P. 43 .) The amount of the increase depend s
upon the extent of the drying, the property under consideration
and the species. Though redwood increases in many strength prop_'
erties during seasoning, the increase is less than for most species . ;A few properties, particularly those indicative of shock resistance '
as measured by total work in static bending and height of dro p
show for redwood, as for numerous other species, an actual decrease
due to seasoning .

STRENGTH AS RELATED TO HEIGHT IN TRE E

In many species, the wood from near the ground is heavier and
in some strength properties, particularly shock resistance, excels
that from higher in the tree. However, this was not so in virgin -
growth redwood as the butt cuts, although of slightly higher specific
gravity than the next adjoining logs, were actually somewhat lower
in many strength properties. The top logs were appreciably lighter
and consistently lower in strength than the butt cuts or material
directly above the butt. In other words! the strongest virgin-growt h
redwood, all properties considered, comes from just above the butt
cuts. (P. 39. )

MOISTURE DISTRIBUTION WITHIN THE TRE E

All living trees contain moisture, a considerable proportion of
which must usually be removed from the lumber or other product s
by seasoning to condition it for service . The amount of moisture
found in the tree varies greatly among different species, and ofte n
in different parts of the same tree (6) . Figure 12 illustrates th e
average distribution of moisture for the heartwood and the sapwoo d
throughout the height in tree, and is based on data from 43 virgin -
growth redwood trees .

It is evident from Figure 12 that the sapwood is appreciably higher
in moisture content than the heartwood, and tends to increase slightl y
in moisture with height in tree . The heartwood, on the other hand ,
decreases rapidly in moisture content (p . 45) from a value of abou t
150 per cent at the stump of an average individual tree to about 6 0
per cent at mid-height, and then maintains this condition fairly uni-
formly. to the top of the merchantable length . At the base of the tree
the moisture content of the heartwood increased appreciably from th e
pith outward, but at a . height of 60 feet or more it became mor e
uniform throughout the cross section .

Although Figure 12, which is based on averages, shows very uni-
form and consistent relations, individual trees may differ consider-
ably from these values in the amount and distribution of moisture .

The relatively high moisture content of the heartwood, particularl y
in the butt cuts, necessitates the removal of large quantities of water
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in seasoning. This, together with the fact that the moisture move s
much more slowly from the heartwood than from the sapwood, ac -
counts for the relatively slow drying of material from the butt logs . '
The difference in moisture content between the butt and upper cut s
emphasizes the desirability of avoiding in commercial kiln dryin g
the mixing of both classes of stock .

/
/

/
HEARTWOOD SAPWOOD-4

1
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FIGuRD 1 2 .-Average distribution of moisture content of heartwood and sapwood i n
virgin-growth reds ood trees relative to heigh t

PROPERTIES AS AFFECTED BY EXTRACTIVES

The wood of many species contains considerable quantities of com -plex substances, such as resins, gums, oils, and other so-called extrac -
tives, many of which impart to the wood special characteristics or
have an important commercial value . The amount of extractivesfre

quentl varies greatly within a single tree. In the virgin-growt h
redwood trees examined, the greatest range in the heartwood extrac -
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fives within a single tree was from about 5 to 28 per cent, wher e
the sapwood extractive content varied from about 4 to 8 per cen tbased on the weight of the oven-dry wood. Second-growth redwooshowed a smaller variation . In virgin-growth redwood the d

hot :
water extractives averaged about 10 to 15 per cent for the heartwood
whereas in the sapwood the extractive content was only about 3 to fi
per cent. The extractives in the heartwood of redwood are reddis
which accounts for the distinctive color of the wood . Extractivesaffect the strength properties of redwood, the amount of the effect;depending on the amount and distribution of extractives present, the
moisture condition of the wood, and the particular strength property
under consideration (7) . Of the properties studied, the compres-
sive strength parallel to the grain and the bending strength appea r
to be increased by the presence of extractives ; the compressive,;
strength to a greater extent. On the other hand, shock resistance '
under some conditions appears actually to be decreased .

Considering the effect of extractives, it seems very probable tha t
they are largely responsible for certain strength properties of red
wood being relatively high while others are lower than would b e
expected from the specific gravity of the wood ; and for the some -
what lower than normal increase in strength with seasoning, although
for more important properties the strength when dry is higher than
the weight-strength relations would indicate . The relatively lo w
shrinkage and high resistance to decay of redwood are also probabl y
due to extractives.

RADIAL AND TANGENTIAL SHRINKAG E

For practically all uses, the characteristic shrinking and swellin g
of wood with moisture changes are undesirable, although the degre e
of shrinkage permissible differs greatly in different uses . The rela-
tively low shrinkage of the heartwood across the grain commend s
redwood for uses where this property is important. Measur°einents -
on virgin-growth redwood gave values of average shrinkage as show n
in Table 5 .

TABLE 5.-Shrinkage of virgimrgrowth redwood from the green to the oven-dry
condition, in percentage, based on dimensions when green

Shrinkage Fleartwood Sapwoo d

Radial	 2.4 3. 2
Tangential	 4.0 5. 2
Volumetric	 6. 7

The shrinkage from the green condition to an air-dry condition o f
approximately 12 per cent moisture would be about one-half of tha t
given.

The sapwood of both virgin-growth and second-growth redwoo d
shrinks considerably more than the heartwood, but since virgin-
growth redwood has only a narrow band of sapwood, most of which
is removed in manufacture, the shrinkage of the heartwood is th e
more important. The radial and tangential shrinkage of the sap-
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wood of virgin-growth redwood corresponds very closely with tha t
to be expected from the specific gravity or weight, whereas the heart -
wood shrinks only about 65 per cent as much as would be expecte d
from its specific gravity .

Since the heartwood and sapwood are from all appearances struc-
turaIly the same, and the primary difference between heartwood an d
sapwood is extractives, it would seem that the extractives are th e
cause of the relatively low shrinkage of the heartwood. Certain
sugars injected into wood will materially reduce the shrinkage, an d
it is possible that extractives in redwood act in a similar manner in
reducing shrinkage .

COMPRESSION WOOD AND ENDWISE SHRINKAG E

Compression wood, which is found in redwood and other softwoods ,
is an abnormal growth frequently occurring on the underside of lean-
ing trees and limbs of the various softwood (coniferous) species . It
is denser and harder than the normal wood, is characterized by wid e
annual-growth rings, and includes what appears to be an excessive
summer-wood growth. The contrast in color between spring woo d
and summer wood is usually less in compression wood than in norma l
wood. (Pl . 6 . )

Of the 56 virgin-growth trees examined in the specific gravity sur-
vey (p. 3), 62 per cent contained some compression wood. However ,
out of a total of 4,046 specimens 2 by 2 inches square, cut from the 5 6
virgin trees, only -3.7 per cent contained compression wood ; that is ,
when compression wood was present it usually made up but a very
small proportion of the. total volume of the trees .

The endwise, or longitudinal, shrinkage in the normal wood o f
practically all species including redwood is so small as to be relatively
unimportant . Compression wood, however, has an . endwise shrink-
age so great as to materially affect its use . The maximum endwise
shrinkage in compression wood in the redwood studied was 1 .6 per
cent from a green to an oven-dry condition, an equivalent of slightl y
over 3 inches in a 16-foot board if it were oven dried from a gree n
condition (5) .

That the bulk of redwood does not shrink excessively along th e
grain is shown in Table 6, in which are given, for both virgin-growt h
and second-growth, the percentage of the total number of specimen s
falling within narrow shrinkage classes . This table shows that out
of 438 specimens of virgin-growth redwood, 85 .8 per cent shrank les s
than 0.2 per cent along the grain in drying from the green to the
oven-dry condition. In drying to an air-dry condition of about 1 2
Per cent moisture content, only about one-half as much shrinkage
would occur.
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TABLE 6 .Frequency distribution of longitudinal shrinkage of redwoo d

Shrinkage class 1

0 to 0.04 per cent	
0 .05 to 0.09 per cent	
0 .10 to 0.14 per cent	
0 .15 to 0.19 per cent	
0 .20 to 0.24 per cent	
0 .25 to 0.29 per cent	
0 .30 to 0 .34 per cent	
0 .35 to 0.39 per cent	
0 .40 to 0.44 per cent	
0.45 to 0.49 per cent	
0 .50 to 0 .54 per cent	
0 .55 to 0.59 per cent	
0 .60 to 0.64 per cent	
0.65 to 0.69 per cent	
0.70 to 0.79 per cent	
0 .80 to 0.89 per cent	
0 .90 to 0 .99 per cent	

Per cent Per cent Per cent

	

Per cent
3. 8 20. 2 20 . 2

	

4. 3
29. 4 7 . 1 27 . 3

	

18. 1
69. 8 26 . 5 53 . 8 12. 9
85. 8 10 . 7 64 . 5 20. 7
90. 3 19 . 1 83 . 6 14. 6
93. 5 2. 2 85 . 8 6. 0
95. 1 4 . 1 89 .9 5. 3
96. 5 1 .9 91 . 8

	

6. 0
97. 0 1 .6 93 . 4 1. 7
97. 9 1 .4 94 .8 2 . 6
98. 4 1 . 4 96 . 2 1. 7
99. 1 1 .6 97 .8 1 . 7

100.0 0.0 97 . 8 . 9
.3 98 . 1 1 . 7
.6 98 . 7 . 9
.8 99 . 5

	

. 9
.5 100 .0

1 The average shrinkage per specimen was 0 .145 per cent for virgin growth, 0 .165 for closely grown second
growth, and 0.219 for openly grown second growth .

2 Based on 438 specimens .
2 Based on 366 specimens .
4 Based on 116 specimens .

here compression wood is present in the same board with normal `
wood, the unequal endwise shrinkage in the two parts causes bowin g
and crooking, which is usually a more serious disadvantage tha n
direct shortening. Material containing pronounced compression
wood is undesirable for practically all lumber uses and should b e
rejected.

COMPARISON OF THE STRENGTH OF COMPRESSION WOOD AND NORMAL REDWOO D

Strength tests were made both on normal redwood and on pro-
nounced compression wood from the same trees . (Table 7.)
Although the compression wood averaged about 35 per cent highe r
in specific gravity than the normal wood, it was actually lower in a
number of strength properties, being decidedly lower in stiffness .
In those properties in which it did excel normal wood it was in mos t
cases but little better . Weight for weight, it was much inferior t o
normal wood in all properties studied .

TABLE 7.-Ratio of strength of compression wood to normal wood for virgin -
growth redwoo d

Propert y

Specific gravity 4 -•	
Static bending :

- -

Modulus of rupture	
Modulus of elasticity 	
Work to maximum load	

Compression parallel to grain : Maximum crushing strength	
Toughness	

Based on the weight of the oven-dry wood and volume when green .
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SUMMARY

The redwood studied was higher in such properties as bendin g
strength, crushing strength, and hardness than would be expecte d
from its specific gravity, while in shock resistance it was usuall y
somewhat lower .

Redwood in the form of small specimens increased in strength i n
drying, although the relative increase was less than for most species .
A few properties, particularly those indicative of shock-resistin g
ability frequently showed a decrease due to drying .

The virgin-growth redwood from Mendocino County was somewha t
stronger than that from Humboldt County, but the differences i n
most strength properties were not . so great as would be expected fro m
the differences in weight .

The strongest virgin-growth redwood, all properties considered ,
came from just above the butt log .

The moisture in the heartwood of the virgin-growth redwoo d
studied varied from an average of about 140 to 175 per cent at th e
stump of individual trees, to about 60 per cent at mid height, beyon d
which point it remained almost uniform throughout the rest of th e
tree. The moisture in the sapwood averaged over 200 per cen t
throughout the entire height of the tree .

The extractives in the wood affected the strength of the redwood
studied, increasing such properties as bending strength and com-
pressive strength, while shock resistance under some conditions wa s
actually decreased .

The shrinkage across the grain of the heartwood of the redwoo d
studied was relatively low. The low shrinkage appeared to be du e
primarily to the extractives in the heartwood, as the sapwood, whic h
had a lower extractive content, was considerably higher in shrinkage .

Occasional pieces of redwood, like those of other softwood species ,
contained compression wood in varying degrees. Compression wood
has a much higher endwise shrinkage than normal wood and is als o
deficient in strength for its weight and therefore boards containin g

;much of it should be discarded for most lumber uses .

APPENDI X

DETAILED DATA FROM THE SPECIFIC GRAVITY SURVE Y

COLLECTION OF SAMPLES

The samples collected in the specific gravity survey consisted of whole or
Partial cross sections taken at different heights from each of 27 virgin-growthand 24 second-growth trees from Mendocino County and from 29 virgin-growt h
rd 18 second-growth trees from Humboldt County, Calif. From these sections ,

Proximately 4,000 specific gravity specimens were taken for the virgin-growt h
material and 1,500 for the second-growth . The second-growth trees consisted
of 31 closely grown and 11 openly grown trees .

METHOD

Partial sections including the pith and a little . more than half the dross
fiction of the log were obtained from the virgin-growth trees . (Fig. 13 . )These sections were approximately 6 inches in length (along the grain), an d
there sawed out at average heights of 4 . 23. 60, 104, 148, and 188 feet abov e
the ground. Wig. 14.) Specific gravity specimens approximately 2 by 2 by 6
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inches in size were cut from these partial sections from bark to bark, ao adiametrical line. The specific gravity determinations, based on green
-1Oi reand oven-dry weight, were made at temporary field headquarters . The 'utrt 1

dt
mens were then sen

t erm nat ons, based to o
n the

ov
Forest Product s en-dry volume Laboratory where specific gravity

.weight, were made .
The sections from the second-growth redwood

trees comprised the entire cross section of the lo g
and were taken at heights of approximately 2 ,
14, 37, and 62 feet above the ground . Specific
gravity specimens about 2 by 2 by 6 inches i n
size were taken through the pith from bark to bark .

The second-growth redwood sections were sent
to the Forest Products Laboratory to have thei r
specific gravity determined . The sections from
the second-growth trees were cut 1 to 11/2 feet in
length to make it possible, despite some loss o f
moisture from the ends during transit, to obtai n
green material for the specific gravity tests .

The specific gravity determinations were mad e
by the immersion method (1) . Volumetric-
shrinkage measurements from the green to th e
oven-dr condition were also obtained as a part
of this ocedure .

RESULTS

Table 8 gives values of the probable varia-
tion in the specific gravity of virgin-growth
redwood in individual specimens by trees, sites ,
lots, and counties and in individual trees wit h

FIGURE 13.-Diagram showing method o f
taking specific gravity specimens from
bark to bark across tree section s

similar grouping. Table 8 also shows the effect on specific gravity and
its variation when pieces containing compression wood are rejected . In addi-
tion, it permits a comparison of redwood from the whole tree with that fr o
the second log.

11111111■111r.li.1+1Y"C~ ~rl]!'H111 41 111111 411isjrii l
AN%

Ficuan 14.-Diagram show
ing position of sections
taken at various tree
heights
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The figures for probable variation are expressed in percentages
responding average specific gravities to simplify comparisons,

	

ofIn ca1euthe probable variation of an individual specimen , from the average theformula vas used, which assumes a normal distribution, as follows
Probable variation =0.6745 ~v2

v n
Where v=residual between average specific gravity and each observed

n=total number of specimens .
In calculating the probable variation of an individual tree from the al,

of the different tree groupings, correction was made for size of same

multiplying the probable variation by
V n

n2 1 where n equals numb
samples (12) .

DETAILED DATA ON STRENGTH AND ASSOCIATED PROPEERTIES OF RE P

SELECTION OF TREES FOR STRENGTH TEST S

Specific gravity determinations were made in the field on about three t i
the number of trees required for the strength tests . The specific gravity de
minations for each tree were confined to specimens from a section taken a
20 feet above the ground. The specimens were cut consecutively from b
to bark through the pith . This method gave results regarded as repre5ent a
of the tree, and only those trees which best represented the range and ave r
specific gravity of the species, as determined by the specific gravity sur y
(p. 3), were selected for the strength tests .

All logs chosen were from freshly cut trees and had the bark intact . It
common practice in the redwoods to peel the logs and then burn over the log
area or else first burn and then peel . Either method results in a large teducti
of moisture in the logs, and the logs no longer remain representative of gr
stock. As green material is essential for the - strength tests, the logs for th'
purpose could not be selected at the time of the usual logging operations b u
were cut and transported from the woods in advance of the main cut. I
full and complete description of the trees and sites was also desired, and it w
possible to obtain this only by working ahead of the regular logging operations.

The selection of second-growth trees was based on specific gravity determin a
tions made on increment borings obtained in the usual manner . As second..
growth redwood is not now being cut commercially, the increment-boring meow
eliminated the necessity of cutting and sampling more second-growth than woul
actually be used for test purposes .

STRENGTH OF REDWOO D

Table 9 presents actual test results for virgin-growth and second-growth red-
wood, together with a percentage figure representing the relation of these actua l
results to the value which would be expected for the species on the basis of the
specific gravity-strength equation for the corresponding property . The equation
value was obtained by substituting the specific gravity of redwood in the pre-
viously established general formulas expressing the relation of specific gravity
to strength as determined by tests on 166 species (8) . The percentage figures
given are useful in considering the degree to which redwood differs, weight
for weight, from the general average trend of other species .

Table 10 gives data on the mechanical properties of virgiu-growth redwood b y
counties ; Table 11 data on the mechanical properties of virgin-growth redwood
as related to height in tree .
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VARIABILITY IN THE STRENGTH OF REDWOO D

Table 12 lists the probable variation values of the specific gravity and severa l
strength properties of virgin-growth and the second-growth redwood from secon d
logs, representing material 8 to 30 feet above the ground . These values were
calculated by the usual formula, as given on page 34.

TABLE 12.Percentage probable variation) in strength and related properties o f
an individual redwood specimen from, the corresponding averag e

Second-growth redwood 3
Virgin - growt h

Property
redwood'- (lo t
Nos . 6, 7, and 8) Closely grown (lo t

Nos . 7 and 8)
Openly grown (lot

Nos . 7 and 8)

Green Air-dry 4 Green Air-dry 4 Green Air-dry 4

Specific gravity, based on green or air-dr y
volume	 8. 7 8. 1 7.0 6.9 10. 5 10. 3

Shrinkage :
Radial	 16 .5 	 . .. . .	17 .9 34 .0	
Tangential	 15 .2 __________ 16. 0 17 .0 _________ _
Volumetric	 11 .1

	

!	 15 .7 10.2 --------- -
Static bending :

Fiber stress at elastic limit	 14. 9 12.8 10. 8 10 .8 20.8 17. 2
Modulus of rupture 	 12. 3 11.4 9.4 11 .4 17 .4 16. 1
Modulus of elasticity 	 15.5 12.3 16. 4 15 .9 18 . 3 18. 3
Work to elastic limit	 31 .7 21 . 0 17.6 14 .8 28 . 8 20 . 7
Work to maximum load	 20. 0 21 .9 20.3 24 .9 25.3 31. 3

Impact bending:
Fiber stress at elastic limit	 1L4 14 .3 10.0 13 . 2 13 .8 18 . 4
Work to elastic limit 	 14. 6 25 .8 14 . 4 23 .1 17 .9 25 . 5
Maximum drop (50-pound hammer)	 14. 2 18.2 18 . 4 26. 1 28.1 31 . 2

Compression parallel to grain :
Fiber stress at elastic lima	 16. 2 16.7 14 . 0 16. 3 23. 4 24 . 5
Maximum crushing strength 	 12. 9 12.6 10 . 1 10. 1 19.2 16 . 3

Compression perpendicular to grain :
Fiber stress at elastic limit	 22 . 2 20.8 14 .5 15.4 32.5 20. 8

Hardness :
End	 12 . 6 11 .7 9 . 3 7.4 19.5 17. 0
Radial and tangential 	 15 . 8 15.7 11 . 2 13 . 0 18 . 1 21 . 2
Radial only	 15 .3 16.1 12. 0 13 . 5 18 .7 21 . 8
Tangential only	 16 . 0 15.2 9.8 11.9 16 .8 19. 0

Shear :
Radial and tangential 	 11 .6 17 .6 7.8 9.2 16. 1 17. 4
Radial only	 11 .3 18 .2 8.9 8.9 13 .9 15 . 9
Tangential only	 11 .9 16 . 7 5. 2 9 .3 15 . 1 15. 9

Toughness :
Radial and tangential 	 35. 4 29 . 0 32.8 35. 1 37 . 1 29 . 1
Radial only	 27. 4 23 . 1 24. 1 39. 1 36.4 25 . 9
Tangential only	 30.3 26 . 0 30. 0 29.7 36. 0 29 . 9

Tension parallel to grain	 14 . 6 19 .3 8 . 3 18.7 20. 5 17 .8

!Probable variation of the entire trees is about 1 to 2 per cent higher than shown here .
!Specimen taken 20 to 30 feet above the groun d
3 Specimen taken 8 to 16 feet above the groun d
Average moisture content of air-dry material varied from 103 to 12 per cent for different tests .

The percentage probable variation of specific gravity is lower than tha t
of any of the strength properties. Such properties as modulus of rupture,
maximum crushing strength, and hardness have a percentage probable varia-
tion from one to two times that of the specific gravity. Shock resistance a s
measured by work to maximum Ioad in static bending, maximum drop in
Impact bending and toughness are usually most variable, often having a per-
centage probable variation four times that of specific gravity .

Since the probable variation values in 'fable 12 are based on samples fro m
the second logs only, they are somewhat lower (probably about 1 to 2 pe r
cent) than would obtain for samples representing the entire trees . For example ,
if the table gives a value of 17 per cent, the probable variation of a rando m
specimen from entire trees, or the species average, is probably 18 to 19 per cent .

EXPLANATION OF TERMS AND METHODS EMPLOYE D

Air -drp.-Air-dry is it very general term and may mean any degree of dry-
ness from about 6 per cent moisture, which may be obtained in very dr y
climates, to over 30 per cent moisture, as in timber dried to reduce its shippin g
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weight . The degree of dryness which will be attained in timber depends
nthe species, size, and the conditions under which the material is dried

, e .
dally such as hum

imethod of piling, she
and time of drying

Cornpressiaon parallelg
rsio

nain.--I

	

tlae comp
parallel to grain

ta 2 b
ycornpilesse d

2 by 8 inch
in

sloeis

	

the rli,reetion of its le ngth "( Fig. 15.)

	

Deformatiis measured between
collars attached 6 i
apart on the specimen .Compression perpendie .l
niar to grn.-I n t h a .compressionaperpendieut
to grain test, a block 2
2 inches in cross see
and a inches long is lid
upon its side and pressur e
applied to it through ametal plate 2 inches rid eIaid across the center of
the piece and at righ t
angles to its length .
(frig. 16.)

	

Hence bu t
one-third of the surface is
directly uhted to com-
pression .

	

The strength
value obtained in this testis the fiber stress at elastic limit. It represents the maximum stress at righ t

angles to the grain that can be applied to the timber without injury, It i s

important in computing the bearing area for beams, stringers, and joists, an d
in comparing species for railroad ties .

FInnan

0 1 2 3 4 5 6e	 1	 1	 I	 1	 [	 e
$GALE - INCHES

16.-Diagrammatic sketch of method of conducting compression-perpen-
dicular-to-grain tes t

Finnan 15.-Diagrammatic sketch of compressometer and
method of conducting compression-parallel-to-grain test
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Elastic limit.-The elastic limit is that point where the distortion ceases t o
be in proportion to the load. For example, if a beam deflects one-sixteenth o f
an inch with a 50-pound load, it will deflect one-eighth of an inch with 10 0
pounds, and so on, each additional load of 50 pounds causing an additiona l
deflection of one-sixteenth of an inch until the "elastic limit" is reached, afte r
which the deflections increase more rapidly than the increase in load . The
elastic limit is subject to the personal equation in its determination and fo r
this reason can not be evaluated precisely .

Extractives .-Extractives, as the word is here used, are defined as that por-
tion of the wood that will dissolve when the wood is placed in an inert solvent .
They are known, for example, as cold-water, hot-water, or alcohol-soluble ex-
tractives, the name depending upon the solvent used .

Fiber stress at, elastic limit .-Fiber stress at elastic limit is the stress ob-
tained in a timber by loading it to its elastic limit . It is the greatest stress
the timber will t a k e
under a given loadin g
and return to, its former
position. Fiber stress a t
elastic limit in impact
bending is approximatel y
double the fiber stres s
at elastic limit in static
bending. This is an ex-
pression of the fact that
a small beam, if sud-
denly strained, bends ap-
proximately twice as fa r
to the elastic limit as
when loaded slowly .
(See also elastic limit,
above. )

Fiber - saturatio n
paint .-Green wood usu -
ally contains " absorbed "
water within the c e l l
walls and "free" wate r
in the cell cavities. In
drying, the water in the
cell cavities is the first
to be evaporated . Thefiber-saturation point i s
that point at which no
water exists in the cel l
cavities of the timber,
but at which the cel l
walls are still saturate dwith moisture . The ?	 i

	

z

	

9
fiber-saturation point va-

	

scant -l:: :RE SrieS With

	

i iL'
The or dinary pre+l~trrtintt Flamm 17 .--Diagrammatic sketch of method of conducting

°F moisture tit the fiber

	

hardness tes t

saturation

	

2 2 point ie from 2., to 30 per cent of the dry weight of the wood .
Green. .-Ureen is the condition of timber with respect to moisture as taken

f~•onz the living tree. Immediately upon being sawed from the tree, lumber
begins to lust= moisture and otherwise change its condition . The rapidity of
these changes is determined by such factors as the species, humidity, heat ,
and circulation ofIiardHeas .-Ilardeess is tested by measuring the load required to embed a1 .4 l-iiich ball to aiie-half its diameter in the wood . (Fig. 17.) The hardness
rest is applied to end, radial, and tangential surfaces of the timber . End hard -

is us i,illy greater than side hardness. The quality represented by the
hardiness ti<gt,ires is important in woods for paving blocks, railroad ties, furni-
tflu, ancl flooring .Ili'ight of (Trop.-FTeiglit of drop relates to impact bending and is the distanc e

t1°'n which a hanuner is dropped to produce failure of a standard-sized speci-
men . I t represents a quality important in articles that are occasionally stressed
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under a shock beyond their elastic limit, such as handles and
implerae t tparts .

Impact bending .--Impact bending tests are made on beams to determine th
e

thi
s resistance

test

	

rapidly
inch

applied d A loads .
50

	

is

by
dropped

inches are used i
nspan .

	

50-pound hammer

	

peed upon the bel~at the center of the span, first from a height of I inch, next 2 inches, an
don up to 10 inches, then increasing 2 inches at a time until complete faiip toccurs. The deflections of the specimen are recorded on .a revolving drum 1,e

a pointer attached to the hammer. This pointer also records the positiuathe specimen assumes after the shock. Thus data are obtained for determin ethe various properties of the wood when subjected to shock .

FIGURE 18.--Diagrammatic sketch of method of conducting shear-parallel-to -
grain test, with details of test specimen

Maximum crushing strength .-The maximum crushing strength in compres-
sion parallel to grain is the maximum ability of a short block to sustain a
slowly applied load. It is obtained by dividing the maximum load obtaine d
in the test by the area of cross section of the block . This property is importan t
in estimating the strength of short columns .

Mechanical properties.-Mechanical properties are the properties of wood
which enable it to resist deformations, loads, shocks, or forces . Thus the
ability to resist shearing forces is a mechanical property of timber .

Modulus of elasticity.-Modulus of elasticity is the ratio of stress per uni t
area to corresponding strain per unit length, the distortion or strain being
within the elastic limit . It is a measure of the stiffness or rigidity of a mate-
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rial . In the case of a beam, modulus of elasticity is a measure of its resistanc e
to deflection. Deflection under a given load varies inversely as the modulus
of elasticity ; that is, a beam with a high modulus deflects but little . Modulus
of elasticity is of value in computing the deflections of joists, beams, an d
stringers, and in computing safe loads for long columns. The values given
are derived from the static-bending test, but are applicable to both beams an d
long columns. Numerically, the modulus of elasticity of a material is the y
force in pounds required to stretch a sample of that material with a cross-
sectional area of 1 square inch to double its length, on the assumption tha t
the fibers would not be stressed beyond their elastic limit . Rubber has a
very low modulus of elasticity, while that of steel is very high .

Modulus of rupture.-Modulus of rupture is the computed fiber stress in th e
outermost fibers of a beam at the maximum load and is a measure of th e
ability of a beam to support a slowly applied load for a very short time .
The formula by which modulus of rupture is computed is the same as tha t
for computing the fiber stress at elastic limit, the maximum load being sub-
stituted for the elastic-limit load . The assumptions on which this formula
are based hold only up to the elastic limit ; hence modulus of rupture is not
a true fiber stress . It is, however, a universally accepted term, and the values
are quite comparable for various species and sizes of timber. It is a definite

FIGURE 19 .-Diagrammatic sketch of method of conducting static-bending tes t

quantily, and the personal factor does not enter to any great extent int o
obtaining it . It is consequdntiy not so subject to error as the fiber stress a t
elastic limit, and for tilt. reason is used more than any other value to repre-
sent the bending stren :ih of wool .

Moisture content.-Moisture cen tent is the weight of water contained inthe wood, expressed as a percentage of the weight of the oven-dry wood .
,'Rheal ''ing strength parallel to grain, The shearing test is made by applying

force to a 2 by 2 inch lip projecting from the side of a block .- (Fig . 18.) The
shearing stress is the maximum force required to shear off the projectio n
clivicled by the area of the plane of Frfilure . Shearing strength parallel to thegrain is n measure of the ability of timber to resist the slipping of one par t
Upon another along, the grain . Shearing stress is produced to a greater or les s
degree in most uses of timber . It is most important in beams, where it i skn

own as horizontal shear, the siress tending to cause the upper half of th e
beam to slide upon the lower . It is also important in the design of various
kiucls of timber joints .
be

h.ri.7ahu•y~; front the !Jeer. to R•11• ove -dry condition.-When wood is driedow. the fiber-saturation point (see definition, p . 43), shrinkage begins an d
_roues until the moisture is all driven off . Shrinkage along the length of

timber is very small. Shrinkage in directions at right angles to the grain is
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very much greater. Radial shrinkage is about three-fifths as great as tangen d
shrinkage. Shrinkage in volume is, of course, the resultant of shrinkage s
thethe fibers and in the radial and tangential directions . However, shrinka ge
volume and radial and tangential shrinkages were independently determinein the series of tests reported on in this bulletin . All shrinkage values

giv ehere are expressed in percentages of the original or green dimensions, an
drepresent total shrinkage to a zero moisture condition . Shrinkage to an air,

dry condition of about 12 per cent moisture is sometimes more and sometth
less than half the total shrinkage. Radial shrinkage is the measure of th eehange in width of a quarter-sawed or edge-grained board . Tangential sip .Ink,age is the measure of the change in width of a flat-sawed board .

Site.-A site is an area considered with respect to its forest producing poweras influenced by climate, altitude, soil, slope, aspect, and other local in fluenei
conditions .

FIGuan 20.-Diagrammatic sketch of method of conducting tension-perpendicular -
to-grain test, with details of test specime n

Specific graity.-Specific gravity is the weight of any given substance
divided by the weight of an equal volume of pure water at its greatest density .
The weight of wood in a given volume changes with the shrinkage and swellin g
caused by changes in moisture . Consequently, specific gravity is an indefinit e
quantity unless the circumstances under which it is determined are specified .
All specific gravity figures given in this bulletin are based on the weight o f
the wood when oven dry . The moisture condition at which the volume was
determined is stated in each instance .

Static bending.-The static-bending test is made on beams to determine th e
resistance to slowly applied loads . A 2 by 2 by 30 inch beam is used on a 28-inch
span . Loading is applied at the center of the span and at a constant rate o f
deflection until the beam fails. (Fig. 19.) Readings of load and deflection are
taken simultaneously . The values derived from this test are applicable t o
beams of different size by the use of a formula, except for the defects that occu r
in the larger sizes.
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Strain.-The deformation or distortion produced by a stress or force i s
known as strain .

Stress.-Stress is distributed force. Fiber stress is the distributed force
tending to compress, tear apart, or change the relative position of the woo d
fibers. Stress is measured by the force per unit area. Thus a short colum n
2 inches square (4 square inches) and supporting a load of 2,000 pound s
will be under a stress or fiber stress of 500 pounds per square inch .

Tangential .-Tangential means tangent to or parallel to the curves of th e
annual rings in a cross section . Thus a tangential surface is a surface perpen-
dicular to the radius of a tree .

Tension perpendicular to grain.-The tension-perpendicular-to-grain tests are
made on specimens 2 inches square and 2 1/2 inches long, the tension area being
1 by 2 inches . The tension force is applied perpendicular to the grain . (Fig. 20. 1
The values are of use in estimating the resistance of timber to the splitting
actions of bolts and other fastenings .

Total work.-Total work in static bending, like work to maximum load, i s
a measure of toughness or shock resistance under bending stresses . In the

Flotsam 21 .--Diagrammatic sketch of Forest Products Laboratory toughness testin g
machine

Standard test specimen total work represents the work absorbed to a 6-inch
deflection or until the l;eam fails to support a load of 200 pounds .Toughness test.-The toughness test is made on small beams to determin ethe resistance to a rapidly applied load. The standard specimens for use i n
the test Ore % by % by 10 inches . supported over an 8-inch span . They are
loaded at the center by means of a tup and a stirrup that slips over the
o

; eeir1ien . wig . 21.) The Forest Products Laboratory toughness machine
Aerates on the nen 2ulur principle, but it differs essentially from other typesm

that the load is applied to the specimen by means of a cable fastenedaronnrl a drum mounted on the anis of the pendulum .To2o}1• ness.-Toughness in wood is the ability to absorb energy or workunder toad ,
lVa. .k to elastic limits--Work to elastic limit in bending is a measure of th e

work which a Hearn is able to resist or the shock which it can absorb up to
the elastic limit .

Work to maximum, lord.-Work to n,aaimum load in static bending represent see~ability of the t.iml-~er to oll orb shock with a slight permanent or semi -- ui deformation and with some injury to the timber . Wood, especially
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in small sizes, can be bent somewhat beyond its elastic limit with only s i
injury if the load is removed at once, Work to maximum load is a mea l
of the combined strength and toughness of a material under bending st r
Superiority in this quality is the characteristic which makes hickory `

bet
than ash, and oak better than longleaf pine, for such uses as handles a s
vehicle parts .

	

-
Radial.-Padial means extending outward from a center or an axis . Th

a radial surface in a tree is one extending from the pith of the tree out w
such as the wide faces of a quarter-sawed. board .

Rings.-Rings are those circular markings around the center of a tree see,,
bon that are produced by the contrast between spring wood and summer tip:
One ring, known as an annual ring, consists of a layer of spring wood
a layer of summer wood .

LITERATURE CITED

(1) AMERICAN SOCIETY FOR TESTING MATERIALS .
1.927 . STANDARD METHODS OF TESTING SMALL CLEAR SPECIMENS OF TIMBER.

SERIAL DESIGNATION D 143-27 . A. S. T. M. Standards . . . 1927,
Pt . II, Nonmetallic materials, p. 627-663, illus .

	

'
(2) BRUCE, D .

1923- PRELIMINARY YIELD TABLES FOR SECOND-GROWTH REDWOOD . Calif.
Agr. Expt. Sta. Bul . 361, p . [425]-467, illus.

{3) .FISHER, R. T., VON SC'HP.,ENK, H ., and HOPKINS, A . D.
1903 . THE REDWOOD . . . U. S . Dept. Agr., Bur. Forestry Bul. 38. 40 p ,, 1illus.

(4) HELM, A . L.
1912. MECHANICAL PROPERTIES OF 'REDWOOD. U. S. Dept. Agr., Forest Serv-

ice Circ . 193, 32 p ., illus.
'(5) KOEHLER, A., and LUXFORD, R. F.

1931 . THE LONGITUDINAL SHRINKAGE OF REDWOOD . . . . Timberman 32 (3) :
32, 46, 48, illus .

{ 6) LUXFORD, R . F.
1930. DISTRIBUTION OF MOISTURE IN VIRGIN REDWOOD TREES. Timberman

31 (4) : 106, illus .

1931 . EFFECT OF EXTRACTIVES ON THE STRENGTH OF WOOD . Jour. Agr. Re-
search 42 : 801-826, illus .

(S) MAR.KWARDT, L. J .
1930. COMPARATIVE STRENGTH PROPERTIES OF WOODS GROWN IN THE UNITED

STATES . U. S. Dept . Agr. Tech. Bul. 158, 39 p.
-(9) NEWLIN, J. A., and WILSON, T. R. C .

1917 . MECHANICAL PROPERTIES OF WOODS GROWN IN THE UNITED STATES.
U. S. Dept. Agr. Bul . 556, 47 p., illus.

(10) 	 and WILSON, T. R. C.
1919. THE RELATION OF THE SHRINKAGE AND STRENGTH PROPERTIES O F

WOOD TO ITS SPECIFIC GRAVITY . U. S. Dept. Agr. But . 676, 35 p. ,
illus .

(11) PAUL, B. H., and LUXFORD, R. F .
1928. RELATION OF GROWING SPACE TO SPECIFIC GRAVITY AND THE STRENGTH

OF SECOND-GROWTH REDWOOD . West Coast Lumberman 54 (641) :
17, 32, illus .

{12) SHEWHART, W. A.
1926 . CORRECTION OF DATA FOR ERROR OF AVERAGES OBTAINED FROM SMALL

SAMPLES. Bell System Tech . Jour. 5 :308-319, illus .
(13) SUDWORTH, G. B.

1908 . FOREST TREES OF THE PACIFIC SLOPE . L . S. Dept . Agr., Forest Serv. ,
441 p., illus .

(14) UNITED STATES DEPARTMENT OF AGRICULTURE, FOREST SERVICE .
1927 . AMERICAN FORESTS AND FOREST PRODUCTS . U. S. Dept. Agr. Statis .

Bul. 21, 324 p .

.(7)

U.S . GOVERNMENT PRINTING OFFICE : 1932


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55

