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Summary

This report presents data obtained at the Forest Products Laboratory on
the Young's moduli and Poisson's ratios of Sitka spruce as found from
tests in compression at moisture content values of approximately 7, 13,
16, and 22 percent. A summary table is presented showing averages for
each of 14 planks and grand averages for the three Young's moduli and
their ratios and for the six Poisson's ratios. Graphs are presented to
illustrate the effects of moisture content on the elastic constants and
the relation of the elastic constants to specific gravity.

Although trends are somewhat obscured by variability among specimens, it
appears that Young's moduli show some tendency toward increase with in-
creage in specific gravity, whereas Poisson's ratios show no correlation.
The three Young's moduli and their ratios, and the six Poisson's ratios

iThis is one of a series of progress reports prepared by the Forest

Products Laboratory relating to the use of wood in aircraft. Results
here reported are preliminary and may be revised as additional datsa
become available.

2'l‘his report 1s the second of a series of reports presenting the elastic
properties of wood. The first report was "The Elastic Properties of
Wood ~-- The Young's Moduli, Moduli of Rigidity, and Poisson's Ratios
of Balsa and Quipo," Forest Products Laboratory Report No. 1528.

éMaintained at Madison, Wis., in cooperation with the University of
Wisconsin.

Original date of publication -- Oct. 1946
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are variously influenced by moisture. Each of the three Young's moduli
increase with a reduction in moisture, but the increase is at a much

greater rate for ER and ET than for EL; hence the ratios ER/EL and ET/EL

increase with a decrease in moisture content. The four larger Poisson's

ratios tend to decrease with a reduction in moisture, whereas the reverse
is true of the two smaller ratios. The tests indicate that the two small
Poisson's ratios, Happ, and Hpp» can probably be calculated more accurately

from elastic constant relations using measured values of related constants
than they can be measured directly by available methods.

Introduction

In the past, the determination of average values for the elastic properties
of wood has been given less attention than the establishment of strength
values. Tests have been conducted recently at the Forest Products
Laboratory to determine the elastic constants of a number of species used
in aircraft and to show their correlation, if any, with density and mois-
ture content of the wood.

This report, which presents data on the elastic properties of Sitka spruce,
is the second of a series on "Elastic Properties of Wood." A previous re-
port2 has been published for balsa and quipo. All symbols and terminology
used in the present report conform to the definitions and nomenclature
presented in the previous report.

Despription of Material

Type of Specimens

Standard 2- by 2- by 8-inch compression prisms were used for all tests in-
cluded in this study. The anisotropic character of wood requires for the
determination of the three Young's moduli and the six Poisson's ratios the
use of three types of compression prisms differing in the way in which
they are oriented with respect to the grain and the growth rings of the
tree. Figure 1 shows the orientation of the three types in relation to
the tree. The longitudinal (L)-type is the. standard compression-parallel-
to-grain specimen. Particular care was taken to aline the annual rings
parallel to the long axis of the L-specimens. The radial (R)- and tangen-
tial (T)-types were cut so that their long axes would be as nearly as
possibly perpendicular and tangential respectively to the growth rings.
Figure 1 in Report2 No. 1528 shows the five types of specimens used in
these tests.
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Source and Selection of Material

Material for these tests was obtained from 14 planks selected from Sitka
spruce on hand at the Laboratory. Details about the logs from which the
planks were cut are given in table 1.

The logs were cut at the Laboratory into 3-inch planks of various widths.
Most of the planks were flat-sawn, but about 24 planks from logs Nos. 24

and 28 were quarter-sawn. The planks were kiln-dried to about 13 percent
moisture content and subsequently stored in an open shed.

The material for test purposes was selected to include a variety of growth
conditions and densities so that the elastic constants might be expected
to represent the range of material ordinarily found in Sitka spruce.
Several planks of low density and wide annual rings were taken from near
the pith. Others were taken from the outer portion of the log, typical

of close-grained, slow-growth wood, and the remainder from intermediate
positions representing average growth conditions.

In addition to covering a range of density and growth conditions, it was
necessary to provide for radial and tangential specimens by selection of
suitable planks. Three quarter-sawn pieces were taken so that 8-inch
solid radial compression specimens might be prepared. Some of the flat-
sawn planks were selected for minimum curvature of the rings to provide
material for 8-inch tangential specimens. Straightness of grain and free-
dom from defects were factors which governed the selection of the material
throughout. Table 1 shows the source and characteristics of the pieces.
Two flat-sawed planks provided a total of 12 solid tangential specimens,
and three quarter-sawed planks provided a total of 18 solid radial speci-
mens. In addition, 45 radial and 46 tangential specimens representing
material from each of the 14 planks were built up by gluing together k4
ring-matched 2-inch cubes. A total of 182 specimens were included in

this study.

Preparation of Planks and Test Pieces

The selected planks were surfaced on both faces to reveal the character-
istics of grain. A section about 6 feet long, with a minimum of knots
and other defects and with straight grain, was selected from each plank
for compression specimens. The material when selected had no serious
checks or shrinkage defects in the portions used for specimens. |,
In nine of the planks, namely, those flat-sawn pieces which had compara-
tively sharp ring curvature, the 2- by 2- by 8-inch compression specimens
parallel to the grain (L) were end-matched. For this purpose a stick
about 2-1/2 inches square in cross section, with its faces parallel and
perpendicular to the annual rings, was cut parallel to the grain from the
6-foot test section (upper diagram, fig. 2). The individual specimens
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were taken in succession along the stick, thus placing them end-to-end
in the same band of annual rings. Minor changes in direction were made
in the final cutting so that alinement of the faces parallel to grain
and tangential to the rings would be most favorable.

The remaining five planks, namely, those for solid radial specimens
(series 30, 40, and 110), and for tangential specimens with flat rings
(series 60 and 90), were dressed to approximately 10-inch width and cut
to produce 6 transverse and 18 longitudinal pieces as shown in the lower
diagram of figure 2. The individual pieces were reduced to final size,
surfaced to true parallel and perpendicular faces, and stored in a

75° F., 65 percent relative humidity room for conditioning. Equilibrium
moisture content of approximately 13 percent was attained prior to test.

Marking of Specimens

The specimens from each plank (table 1) are referred to as a series with-
in which the individual pieces were matched so that direct comparisons
could be made. Each specimen carried the series designation by means of
the first digit or the first two digits of its number, and a final digit
which showed its location in the plank. The digit following the decimal
point in scme of the specimen numbers differentiated between the three
specimens cut from the same longitudinal section of a plank (fig. =) i

In series 10 and similar series having no solid radial or tangential
specimens, the arrangement for matching and marking was as shown in the
upper .diagram of figure 2, and in table 2.

In series 30 and similar series in which solid radial or tangential speci-
mens could be obtained, the specimens were arranged as shown in the lower
part of figure 2. Each plank thus provided one group of six solid radial
or tangential specimens (depending on the grain of the plank) in the
transverse direction, together with six sets of three specimens each in
the longitudinal direction. From each longitudinal set one specimen was
tested in compression parallel to the grain (meking a group of six longi-
tudinal specimens from each plank), and the other two pieces were cut in-
to 2-inch cubes for radial and tangential glued specimens. Positions of
the longitudinal pieces were alternated to provide the best matching,
according to the schedules in tables 3 and k.

Matching of Specimens

]

The available material did not provide stock which would meet the require-
ments for ideal matching of specimens. In order to obtain longitudinal,
radial, and tangential compression specimens of 8-inch length with the
best matching it would be necessary to have a block about 9 inches in its
minimum dimension, and in which the growth rings have but little curvature.
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Since the planks available for these tests were not over 3-1/2 inches
thick, any one plank could provide only the longitudinal specimens and.
matched specimens in one of the two remaining directions. In the third
direction, that of the plank thickness, it was necessary to resort to
gluing.

A reasonable approach to the ideal matching was made in series 110 and
120, in which planks 28-34 and 28-36 (table 1) were radial and tangential
pieces adjacent to each other and at the same average distance from the
plth. Otherwise, the material available did not permit direct matching,
and comparisons between series were necessarily based upon density values.

Testing Procedure

Instruments and their arrangement, methods of computation, and general
testing procedure were as described in Forest Products Laboratory Report=
No. 1528.

Longitudinal specimens were loaded to approximately 1,250 pounds per square
inch; radial and tangential specimens to abolt 125 pounds per square inch.

Three to five independent sets of values (each from two or more runs at
each instrument setting) were made at the initial moisture content of about.
13 percent. Specimens were then conditioned successively at 80° F., 30
percent relative humidity (approximately 7 percent moisture content), 80°F.,
90 percent relative humidity (approximately 16 percent moisture content),
and 80° F., 97 percent relative humidity (approximately 22 percent moisture
content), and two or three independent sets of values were obtained with
each instrument arrangement at each moisture content, All specimens were
finally reconditioned to approximately 13 percent moisture content (80° F.,
65 percent relative humidity) and then tested to failure. In these final
tests measurements for Young's modulus were made on one pair of faces, and
one Poisson's ratio was obtained.

Explanation of Tables and Figures

Tables 1, 2, 3, and 4 present data on the cutting, matching, and marking
of specimens as referred to previously.

Table 5 presents a summary of the average Young's moduli and Poisson's
ratios for each of the 14 planks at each of the 4 moisture content condi-
tions, and, in addition, average values for all individual specimens of
each type. In forming the averages for the individual specimens, values
from individual specimens were given equal weight. The averages at
approximately 13 percent moisture do not include the values obtained in
the final runs when specimens were reconditioned and tested until they
failed.
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Table 6 compares the average Young's moduli and Poisson's ratio values
for solid radial and tangential specimens with those for glued specimens.

Table 7 shows ratios of the various elastic constants calculated from
the averages listed in table 5.

Teble 8 shows a comparison of average measured values for the two small
Poisson's ratios, gL, and Fopr, 2 with values calculated from the averages

for related constants as shown in table 5, and with values calculated
from computed constants determined by means of best-fit curves (figs. 1k
and 15).

In figures 3, 4, and 5 the values of the three Young's moduli at approxi-
mately 13 percent moisture content are plotted against specific gravity.
The points shown, for individual specimens, represent average values for
modulus of elasticity (EL’ ET’ or ER) from measurements on the two sets

of faces at the initial moisture condition of about 13 percent.

Figures 6 through 11 show the values of Poisson's ratio for individual
specimens at the initial moisture content of about 13 percent, plotted
against the corresponding specific gravity.

Figures 12 and 13 are graphs showing the average ratios ER/EL and ET/EL

for each of the 14 planks used in this study at epproximately 13 percent
moisture content, plotted egainst the average specific gravity of the
plank, Calculation of ratios for individual specimens was not feasible
because of a lack of one-to-one matching. All planks included at least
2 specimens of each type.

Figure 14 shows the variation of the 3 Young's moduli with moisture con-
tent. The individual pointe represent averaege values from approximately
60 specimens of each type tested at each of the L4 values of moisture con-
tent (teble 5). The values for the Young's modull are plotted on a loga-
rithmlic scale as ordinates, and the moisture content on a uniform scale as
ebscissas. The curves shown are the best-fit linear relationships calcu-
lated by the method of least squares(regression of log E on moisture con-
tent), The figures in parentheses show the percentage increase for a 1l
percent decrease in moisture content.

Figure 15 shows the variation of the Poisson's ratlos with moisture con-
tent. The individual pointe represent average values from approximately
60 specimens of each type tested at 4 moisture content values, The
Poisson's ratio values are plotted to & logarithmic scale as ordinates
and the moisture content to & uniform scele as absecissas, The curves
shown are the best-~fit linear relationships for each series of points
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determined by the method of least squares (regression of log p on mois-
ture content). The figures in parentheses represent the percentage in-
crease (positive values) or decrease (negative values) for 1 percent de-
crease in moisture content. The dashed lines represent values of MR,

.and pTL computed fram the elastic constant relationships using values of

the other 4 Poisson's ratios and of Young's moduli as read from the
straight lines shown in figures 14 and 15.

Figure 16 shows the effect of moisture on the ratios ER/EL’ ET/EL,

E/Eos uRL/”LR’ My /My s @0 “TR/p'RT' Individual points on each curve

represent the average ratios for all specimens included in the study
(table 5). The ratios are plotted to a logarithmic scale as ordinates
and the molsture content to a uniform scale as abscissas. The curves
shown are the best-fit linear relationships determined by the method of
least squares (regression of log R on moisture content). The figures in
parentheses show the percentage increase (positive values) or decrease
(negative values) in the ratios for each 1 percent decrease in moisture
content.

Figure 17 shows the stress at proportional limit end meximum crushing
strength for each of the 61 longitudinal specimens plotted agasinst spe-
cific gravity.

Discussion of Results

Variability of Young's Moduli end
Poisson's Ratios

The values for the elastic constants in table 5 represent average values
for the planks end for Sitka spruce as a species, but all elastic con-
stants were varisble for a particular moisture content and specific
gravity. For example, at sbout 13 percent moisture content and a specific
gravity of 0.375, the measured values for Young's modull ranged es follows:
E, from 1,100,000 to 2,100,000 pounds per square inch (fig. 3), Ep from

110,000 to 180,000 pounds per square inch (fig. 4), and Ey from 60,000 to

90,000 pounds per square inch (fig. 5).

It is epparent from figures 3, 4, and 5 that the values of Young's modulus
as found in these tests are not closely correlated with specific gravity.

For specimens of a given species, EL is expected to vary spproximately as

the 5/h power of specific gravity, and & curve of that power for Sitka
spruce 18 shown for comparison with the plotted points (fig. 3). Figure L

indicates practically no relationship of ER to specific gravity, while

Report No. 1528-A «T=



figure 5 suggests a tendency of ET to increase as specific gravity in-

creases. Consistent with this is the indication from figure 12 of no
relation between the ratio ER/EL and specific gravity and but a slight

suggestion from figure 13 of an increase in the ratio ET/E with increase
in specific gravity. L

Figures 6 to 11 fail to disclose any relationship between the several
Poisson's ratios and specific gravity.

Individual values of the Poisson's ratlios ranged as follows: MR from
0.225 to 0.475; upp from 0.275 to 0.690; Mpm from 0.295 to 0.655; Mpr

from 0.017 to 0.070; . from 0.145 to 0.335; Hop, from 0.011 to 0.055.

As with the averages shown in table 5, comparisons from the same specimens

'or from closely matched specimens show p. ., consistently greater than MR
LT

and Mpp greater than Mg *

Effect of Location of Axial Compressometer

In the process of obtaining the two Poisson's ratios associated with any
one specimen, two independent determinations were made of the Young's
modulus, each with the vertical compressometer attached to a different
pair of faces. Generally these two determinations gave different values
for Young's modulus, although theoretically the same property was measured
each time. The differences between the two values of Young's modulus were
variable in magnitude and direction and are not considered to be signifi-
cant. On the average (at all moisture contents), EL was 0.7 percent higher

as found from measurements on the LR face; ER was 4.3 percent higher on the
LR face; and ET was 1.5 percent higher on the LT face. Individual speci-

mens, however, showed differences between the two determinations that
ranged from O to 15 percent in magnitude, and approximately 40 percent of
them showed differences in the direction opposite to the average trend.
Specimens that showed large differences in the two values of the elastic
modulus were rerun in an attempt to reduce the discrepancy and to deter-
mine the correct value, but no amount of checking changed the results
appreciably. Since no precedence could be given to either value, both
were given equal weight in forming the averages entered in columns 6, 9,
and 12 of table 5.

Effect of Glue

To avoid a wide range of growth conditions represented by the numerous
growth rings in solid radial specimens, and to provide better matching to
longitudinal and tangential specimens, some of the radial prisms were
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constructed by gluing together ring-matched 2-inch cubes, thereby re-
ducing from 8 to 2 inches, the distance over which growth variation
could exist. A comparison of group averages at all moilsture content
values {table 6) shows that, in general, the glued specimens had a
Young's modulus (E ) about 6 percent higher than the solid specimens.

e Poisson's ratlo was abou percen igher for e glue
The P g, ) bout 12 t higher for the glued

Bpecimens, but due to uncertainties in its measurement this difference
is not considered significant. The Poisson's ratio (“RT) varied slightly

and inconsistently, tending to be about 4 percent smaller for the glued
specimens. Considering the variation among specimens of each type, these
percentage differences seem insignificant. It is believed that the ad-
vantages gained by gluing ring-matched cubes for radial specimens offset
any errors introduced by the presence of glue lines.

In order to avoid excessive curvature of the growth rings in the tangen-
tial specimens, some of the prisms were fabricated by gluing together
four 2-inch cubes stacked in the T direction. A comparison of group
averages at all moisture content values (table 6) shows that, in general,
the glued specimens had a Young's modulus (ET) about 9 percent higher than

the solid specimens. The Poisson's ratios (”TL and. “TR) of the glued

specimens were, on the average, 2 percent higher than those for the solid
specimens. By comparison with the variation of results for individual
specimens of either type, this percentage difference seems relatively un-
important. It is probable that the unequal stress distribution due to
excessive ring curvature that would develop in a solid tangential speci-
men bending as a column under load, would give rise to errors more serious
than those introduced by the presence of glued joints.

Relations Between Elastic Constants

Frequently the ratios ER/EL and ET/EL are used to estimate vlues for the
Young's moduli perpendicular to grain from measured values of EL.

Table 5 and figures 12 and 13 show that these ratios vary greatly for the
14 planks included in the study. For example, at about 13 percent mois-
ture content the ratio ER/EL ranges from 58 to 136 percent of the average

for all specimens and ET/EL from 84 to 158 percent. No correlation be-
tween these ratios and specific gravity is apparent from figures 12 and

15.

With wood considered as an orthotropic material, the following relations
among the elastic constants should exist:
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MR Mrp Mor Mo 2 Har Yo 1) (2) (3)
= s T T an = = = -

B B R, By by Ey

A consideration of table 7 shows that these relations do not hold for
the first two equations, except for the 7.1 moisture content. For the
third equation they do, however, agree reasonably well at all moisture
contents. It may be noted that the first two equations involve the two
smallest Poisson's ratios, HR1, and Hepy 2 which have a magnitude on the

order of 0.02 to 0.04. The third relation, which checks reasonably well,
involves neither. Considexring the difficulties encountered in measuring

the extremely small lateral strains (approximately 0.00005 inch) involved
in determining Hpr, and K, Over a 2-inch gage length, it seems probable

that these ratios are in error and that the first two relationships would
check if more accurate measurements could have been made. Further dis-
cussion of this point will be found under "Effect of Moisture." It would
seem that Jenkin—~ was justified in measuring only the four larger ratios
together with the Young's moduli and computing the two smaller ratios
from the first two elastic constant relationships.

Effect of Moisture

Studies at the Laboratory regarding the effect of moisture on strength
properties of wood have led to the derivation of a general formula for
strength adjustment which has been demonstrated to represent adequately
the strength-moisture relations for numerous properties. This formula,
known as the exponential formulai, is based on the fact that for any one
species and strength property, moisture-content values within certain
limits and the logarithms of corresponding strength values have been
found to conform closely to a straight-line relationship.

Reports of previous investigationsé have included some information on

the variation of EL with moisture, but no comparable data regarding other

elastic properties. Results from this study show that when the average

EJenkin, . Fiy “Report on Materials of Construction Used in Aircraft and
Aireraft Engines," Aeronautical Research Committee(British), 1920,p.10k4.

—5-S=SOxlO'KM where S and M are corresponding strength and moisture-content
values within the limits of applicability of the equation, S_ is the
strength value that will obtain at zero moisture if the equa%ion is
valid to that point, and K is an experimentally determined constant or
parameter. .

éU. S. Dept. Agr. Tech. Bull. No. 282; U. S. Dept. Agr. Tech. Bull. No.
479; U. S. Dept. Agr. "Wood Handbook"; Forest Products Laboratory

Reports 1306, 1313, and 1519.
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values of Young's moduli for all specimens (table 5) are plotted to a
logarithmic scale as ordinates and the corresponding moistures to a uni-
form scale as sbscissas, (fig. 14), the data for B, conform closely to a

straight-line relationship, and those for ER and ET show reasonable con-

formity. Inasmuch as the values at the several moisture content levels
were obtained on the same specimens rather than on matched materials, the
agreement to a straight-line relationship serves as further substantiation
of the general formula.

It is evident that if the Young's moduli are influenced by moisture, to
maintain equality in the elastic constant relations shown in equations
(1) to (3), the Poisson's ratios must likewise be affected. Average
values for Poisson's ratios (table 5) at the four moistures, when plotted
as previously indicated (fig. 15), conform reasonably well to a straight-
line relationship (solid lines) except for Mer and My s the two ratios

that are small and difficult to measure accurately. The dashed lines
marked "computed" for these two ratios are discussed later in the report.

The elastic constant relations previously given (formulas (1), (2), (3) )
may be rearranged as follows:

E E __E
R _"RL v _ M T Hog ) (5) (6)

It is apparent that the ratios of the Young's moduli and the Poisson's
ratios in equations (4) and (5) will be considerably influenced by mois-
ture because of the difference 1n effect on the values comprising the
numerator and denominator, whereas in equation (6) they will be little
affected.

These relationships are shown graphically in figure 16 where average ratios
for all specimens of a type at the 4 moistures are plotted on semilog paper,
together with average lines representing the relationship. For perfect con-
formity to equations (4), (5), and (6) the lines representing ratios of E
and of p should coincide. This condition is nearly satisfied in the case

of wpr/kpr end Eq/Ep (equation 6). For the other 2 cases it may be noted

that the slope of lines representing Poisson's ratio and Young's moduli is
nearly the same, but the ratios involving p are somewhat greater in magni-

tude than those involving E. In these cases, MRL and uTL’ which are prob-

ably in error, are involved. If it is assumed that the moisture relations

involving ER, ET, HLR’ and uLT are essentially correct (which would appear

reasonable from an examination of the moisture relations for these factors
in figs. 14 and 15) it follows that MRL and uTL must, on the average, be

reduced in order to have the corresponding Poisson's ratio and Young's
moduli lines coincide in figure 16.
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It should be noted further that the points representing “RL/”LR and

“TL/MLT esentially coincide with those for ER/EL and. ET/EL at the lowest

moisture content value (7.1 percent). The dashed lines shown in figure
15 for uRL and Mg, represent the relationship of these Poisson's ratio

values to moisture content which would yield a ratio with MR and uLT such

that the lines representing the ratios of p in figure 16 would coincide
with those for ER/EL and‘ET/EL. This is equivalent to calculating Mar, and

Hepy, from elastic constant relations in which values for the related con-

stants are computed from values read from the solid curves shown in figures
14 and 15.

As previously pointed out, the values for uRL and MTL are frequently cal-
culated by use of the elastic constant relations. Thus

4 ) Ep
= an = ==
Rt~ B, PR T Mo TOEL Mop

(7) (8)

It is interesting to note that values calculated by this method agree
closely with those obtained from computations based on the dashed lines in
figure 15. A comparison of the average measured values with values com-
puted by the 2 methods described is shown in table 8.

It must be recognized that the effect of moisture may, to a large extent,

be obscured by the great variability existing in measured values of the
elastic constants and their ratios.

Ultimate Strength

Figure 17 shows that for mazimum crushing strength in compression parallel
to grain, the correlation with specific gravity is somewhat better than
for the elastic moduli (figs. 3, 4, and 5). In the present tests, with an
average moisture content of 13 percent and specific gravity of 0.378, the
average maximum crushing strength was 5,190 pounds per square inch. In
tests reported in U. S. Department of Agriculture Technical Bulletin No.
479, the maximum crushing strength was 5,610 pounds per square inch when
moisture content was 12 percent and specific gravity was 0.40. The dif-
ference in maximum crushing strength for the material used in these tests
and the species' average reported in Bulletin 479 would appear to be due
to the differences in specific gravity and moisture content.

No definite maximum load could be determined in compression perpendicular
to grain. The average stress at proportional limit for radial specimens
was 230 pounds per square inch and for tangential specimens 190 pounds per
square inch.
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Conclusions

The conclusions from this study, based upon compression tests of solid
and glued Sitka spruce specimens, are as follows:

1. The average maximum crushing strength of the material used in this
series of tests appears to agree closely with the species' average for
Sitka spruce.

2. Both Young's modulus and Poisson's ratio values are quite variable.
The averages shown in table 5 are probably fairly representative of the
species, but it must be recognized that values for individual specimens
may differ considerably from the average values.

3. The values for Young's moduli show some tendency to increase with an
increase in specific gravity, but those for Poisson's ratios exhibit no
correlation with specific gravity.

4. The three Young's moduli are affected by moisture, but to a different
degree. The moduli in the directions perpendicular to grain (ER and ET)

change with moisture at about five times the rate for the modulus parallel
to grain (EL).

5. The six Poisson's ratios are likewise affected by moisture, each to a

different degree. The four larger ratios and tend
g g (b s Popr Hrps M)

to decrease with a decrease in moisture, while the two smaller ratios
(HRL and uTL) increase with a decrease in moisture.

6. Use of average ratios for ER/EL and ET/EL to calculate Young's moduli

perpendicular to grain is not recommended if direct measurements can bg
made, both because such ratios are extremely variable and because they are
considerably influenced by moisture.

T. More -aeccurate values for the two small Poisson's ratios, uTL and RL’

can probabiy be calculated from the elastic relationships utilizing
measured values for E T’ R’ B and K than can be obtained by direct

measurement under avallable procedures.
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Table l.--Source and characteristics of specimens for determination
of elastic constants of Sitka spruce

Series : Log % Log ¢t Plank ¢ Type of : Distance : Average
number : number= : diameter : number : plank : from o : rings per
: ' s . :+ center= : inch
Inches : : : Inches : Number
10 : 25 : 46 : 23-10 : Flat-sawed : 8 : 13
20 : 23, 46 ¢ 23-12 2.....00.c00048 14 : 23
30 24 - 71 : 24-31 :Quarter-sawed: 25 : 1h
hbo 2L : jal -IES) 0 [ TR SN o (o TP : 27 : 15
50 ¢ 24 : 71 : 24-77 : Diagonal : 6 : L
60 2k : 71 : 24-79 : Flat-sawed : =1 : 19
L TN T - : 53 £ 25-3 Hossss " [ [, 16 : 39
80 : 25 : 5% t 25-14 $.s00sd00cessnt 23 : 3k
90 : 26 : 52 ¢ 26-3L" ¥,yuus do.vee..: 20 : 25
100 : 27 : 56 ¢ BT-1L % .wwss [ PR 12 : 32
110 ¢ 28 : 58 : 28-34 :Quarter-sawed: 23 : 17
120 : 28 : 58 : 28-36 : Flat-sawed : 23 : 20
130 : 29 : 42 $ 29-26 f...es e RO 18 : 6
k0 29 : L2 - 20955 F,cana dowdesssd 15 : 8

1 .

—Log Nos. 23 to 27, inclusive, were received at the Laboratory September 20,
1940 from Tillamook, Oregon; log Nos. 28 and 29 were received May 5,
1941, from Clatsop County, Oregon.

gDistance measured from the pith center of the log to the mid-point of the
plank.
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Table 2.--Matching plan for specimens used in determining the
elastic constants of Sitka spruce (Series 10, 20,
50, 70, 80, 100, 120, 130, and 140)

Specimen Type of specimen ¢+ Values measured
number: :

. i
e e e e e e e e e e o e e e T o e o S 0P e e e o o e e e

11 2 Longitudinal - solid ; EL, Hire  Fop
135 3 Radial - glued f ER’ Hr1,? MR
1 E Tangential - glued E ET’ Mors Mg
15 E Radial - glued % ER’ Bpps Mgy
i 5 Tangential - glued 5 ET, uTL’ HTR
18 f Longitudinal - solid E EL, g Mg
219 E Longitudinal - solid E EL, W2 Mo
11-b E Longitudinal - solid % EL, uLR’ “LT

iNumbers shown are for series 10. In the other series the
last digit was kept the same for comparable specimens and
the first digit was replaced by another digit or two
digits to indicate the series (plank) number. Final di-
mensions of specimens were 2 by 2 by 8 inches. Specimens
were taken in numerical order along stick. (See fig. 2,
upper diagram.)

gThis specimen was also tested for proportional limit and ul-
timate compression strength on the initial tests at approx-
imately 13 percent moisture.
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Table 3.--Matching plan for specimens used in determining the elastic
constants of Sitka spruce (Series 30, 40, and 110)

Group ; Specimen numberl ; Direction ; Solid or ; Values measured
TP SRS, . s AR S SR
l» E ;;:ij g?:gj gg:g E Longitudinal E Solid E EL, Wgps o
2 ;Et gggi ggg Radial Solid Eps Mgrs Mgy
3 5 g;:g: 23:1: gg:g E Radial E Glued E ER’ MR MRT
L 5 gé:g: 23:2: gg:i E Tangential : Glued ; ET, Mepo Mg

;Numbers shown are for series 30. In the other series the last digit
and decimal were kept the same for comparable specimens, and the
first digit was replaced by another digit or two digits to indicate
the series number. Final dimensions of specimens were 2 by 2 by 8
inches. Specimens were taken as shown in figure 2, lower diagram.
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Table 4.--Matching plan for specimens used in determining the elastic
constants of Sitka spruce (Series 60 and 90)

Group : Specimen numberl : Direction : Solid or : Values measured
H : : glued
1 ; 61.1, 63.3, 64.2 ; Longitudinal :  Solid ; E, p_, #
-1 65.1, 67.3, 68.2 ; : Pl b
2 ; 62.1, 62.2, 62.3 ; Tangential ; Solid ; B re " M Ly o
: 66.1, 66.2, 66.3 : T I o
3 ; 61.2, 63.1, 64.3 : Tangential ¢ Glusd . E RS 5 i
s 65.2, 67.1, 68.3 : : . T T IR
b 61.3, 63.2, 64.1 : Radial . CGlued :E, u., M
: 65.3, 67.2, 68.1 : : : R RL RT

. - 3 .
. . . .

iNumbers shown are for series 60. In series 90 the last digit and
decimal were kept the same for comparable specimens, and the first
digit was replaced by 9 to indicate the series number. Final dimen-
sions of specimens were 2 by 2 by 8 inches. Specimens were taken as
shown in figure 2, lower diagram.
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Table 5.--Swmary of Young's moduli and Polsson's ratios for Sitka spruce

t
1 % Average Young's msdulil Batios of Average Polsson's ratiosl
: ' ‘foung's modulf
Sarice | Averags [ Averags
Fn. | moleture : speelfie Compresaion L (l'_) Conmpression B (ln) Comprossion T (l‘,) [} Compreseion L | Qompressico R | Compressios T
t conteatl t gravityl3 2 - t RS
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: : Py -y Sk mE WH R n i [ e e S e fae
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;I.un recorded for each series are the svernges of from 8 to 24 gpecimens of wll types.
“8pecific gravity based on weight when oven-dry and voluse at approximately 13 perosat solsture content.

}'anne- recorded for each geries are the averages of fm,z to 12 specimens af each type.
ll1::;1mm (9) divided by column (6).
5‘0u1m (12) divided by columm (6).
é'alueu showmn are ages for i 1 (61 longitudinal 63 radisl, and 58 tangentisl.}
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Table 6.--Effect of glue lines on the elastic constants of radial
and tangential specimens of Sitka spruce built up

from 2-inch cubes as compared to solid prismsl
Moisture : Type of : E ; E : T ; ; v ; v
content : specimen 3 B : T 5 B ¥ "RT : L s R
Percent : : 1,000 1,000 ! :
- 1b. per : 1b. per g : $
: sq. in. 5q. in
7.0 Solid + 1k 78 : 0.031 : 0.466 : 0.022 : 0.248
12.8 122 67 .035 :  .hh9 .025 :  .245
16.2 100 5k .029 : .542 : .020 : .278
21.8 82 i .021 548 ¢ .0L7T : .278
7.2 1 Glued ; 156 : 88 : .035: .h69 : .022 : .254
12.9 134 ™ O43 : .29 : .026 : .248
16.6 : 1ok 59 .0%30 : .521 .021 284
22.1 84 45 023 : .498 : .OL7 28l
7.1 : : 1.08 1.13 113 1.01 : 1.00 1.02
12.8 Glued : 1.10 1.10 1.8% 96 : 1.0k 1.01
16.3 : Ratio: 50997 1.0k 1.09 : 1.04 96 : 1.05 : 1.02
21.6 : 1.02 : 1.02 : 1.10 91 1.00 1.02
: Average ratio : 1.06 : 1.09 : 1.12 : .96 : 1.02 : 1l.02

EThe number of specimens of each type was as follows: 18 solid radial,
45 glued radisl, 12 solid tangential, and 46 glued tangential.
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Table 7.--Relations between the elastic constants of Sitka sprpcel

Moisture : bR ; mg £ 8 hyp, MR ; HR

content ¢ — } ~— ¢ — : = . == . =

. B Ep E Ep, Eg Em
W s @ ) () @ s @

Percent Sq in.per: Sq in.per: Sq in.per: Sq in.per: Sq in.per: Sq in.per
'1b. X107%:1b. X10-6:1b. x10-0:1b. x10-0:1b. x10-6:1b. x10-0

7.1 : 0.218 : 0.222 : 0.254 : 0.256 ;‘ 3.06 : 2.88
12.8 ; .220 : .305 : 277 : W7 ; 5458 : 3.40
16.3 : 232 : .291 ; .313 : .345 : 5.12 : L.79
21.6 i .238 ; .265 : 346 : .378 : 6.17 ; 6.18

iFrom theoretical relations among the constants, the values in column
(2) should equal those in column (3); similarly, column (4) should
equal (5), and column (6) equal (7).
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Table 8.--Comparison of the average measured values for uRL and uTL for

Sitka spruce specimens with those calculated fram average

values of related elastic constants and from best-fit curves

Average : Average values : Values computed : Values computed from
moisture : from table 5 from elastic :+ moisture relationsg
content : : constant relationsf s
__________ L - R S A - s T
Tl : 0.022 : 0.034 : 0.022 0.033 0.022 : 0.034
12.8 .025 oko .020 029 019 028
16.3 : .020 030 .018 02k 018 .024
2L.6 : .0L7 : .022: 016 : 020 : .016 : .020
= = ET and = ER Values for E_., E , E " and
Wy, = £ e Mgy, = B, MR L’ S’ “R? Hpp MR

were obtained from averages shown in table 5.

2
~Values for E_, E , E_, p__ and p__ were read from the best-fit lines
L T R LT LR

shown in figures 14 and 15 and used in the equations shown in foot-
note 1, above.
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Figure 1.--Orientation ot specimens with the grain and growth
rings of a tree for tests to determine the elastic constants
of Sitka spruce. Load was applied in the direction of the
long axis of each test specimen.
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Figure 3.--Values of Young's modulus parallel to the grain (EL), plotted
against specific gravity, for Sitka spruce at approximately 13 percent
moisture content. Specific gravity based on weight when oven-dry and
volume at test. The curve shown is based on the 5/4 power of specific
gravity, but is not intended to represent the best-fit relationship
for regression of E on specific gravity.
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Figure 4.--Values of Young's modulus across the grain, perpendicular
to the annual rings (ER), plotted against specific gravity, for
Sitka spruce at approximately 13 percent moisture content.
Specific gravity based on weight when oven-dry and volume at test.
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gravity based on weight when oven-dry and volume at test.
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Figure 6.--Values of Poisson's ratio, pyp, for Sitka spruce at

approximately 13 percent moisture content, plotted against
specific gravity.
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Figure 7.--Values of Poisson's ratio, iyq, for Sitka spruce at
approximately 13 percent moisture content, plotted against

specific gravity.
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Figure 12.--The average ratio, ER/EL, for Sitka spruce planks at
approximately 13 percent moisture content, plotted against the
average specific gravity of the planks.
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moduli for a 1 percent decrease in moisture content.
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Figure 16.--Average values for ratios of Young's moduli and of
Poisson's ratios as related to moisture content for Sitka spruce
specimens. Figures in parentheses are the percentage increase
(positive values) or decrease (negative values) in the ratios
for a 1 percent decrease in moisture content.
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SPECIFIC GRAVITY

Figure 17.-~Values of fiber stress at proportional limit and maximum
crushing strength parallel to the grain, plotted against specific
gravity, for Sitke spruce at approximately 13 percent moisture con-
tent., 8Specific gravity based on weight when oven=-dry and volume
at test. The curve shown is based on the 5/4 power of specific
gravity, but is not intended to represent the best-fit relationship
for regression of strength on specific gravity.
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