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Summary

Layers of a plywood beam in which the grain direction is parallel to the span
have properties distinctly different from those of adjacent layers because of the
90° orientation of adjacent plies. Such differences in properties in adjacent plies
complicate the stress distribution at various points in the cross section, as com-
pared to material with the same properties at all points in the cross section. The
properties of a plywood beam thus depend on the properties in the span direction
of each ply and on the construction of the plywood--thatis, on the thickness and
number of plies.

This report presents data from tests of plywood of various ply thicknesses and
numbers. Methods are given for computing the strength and elastic properties
from the construction of the plywood and the properties of the individual plies.

Introduction

Wood is anisotropic in character, having three mutually perpendicular axes of
symmetry--longitudinal, radial, and tangential. The properties of wood in the

LThis Note is a slight revision of Forest Products Laboratory Report No. 1304, originally written
in 1942 by Alan D. Freas under the title, "Method of Computing the Strength and Stiffness of
Plywood Strips in Bending." It was first revised in 1946 and then revised again in 1956 under
the present title.



longitudinal direction are found to be distinctly different from corresponding
properties in the other two directions. Bending strength in the longitudinal direc-
tion, for example, is found to be some 15 to 20 times as great as in the tangen-
tial direction. Other properties also show differences.

Plywood, consisting as it does of alternate layers with grain directions at
right angles, introduces further complications. The direction of principal stress
in a plywood beam is parallel to the span, Thus the principal stresses are alter-
nately parallel to grain and perpendicular to grain from layer to layer. The dif-
ferences in strength and modulus of elasticity in the parallel-to-grain and
across-the-grain directions thus complicate the stress distribution at various
points in the cross section of a plywood beam as compared to a beam of material
with the same properties at all points in the cross section.

The objective of this report is to develop methods of calculating the elastic
and strength properties of plywood beams from the properties of the component
plies and the construction.

Scope of Study

The bending tests included in this investigation of plywood covered various
species, thicknesses, and constructions. Specifically, the variables considered
were:

Three species--Douglas-fir, Sitka spruce, and yellow-poplar.
Five veneer or ply thicknessess--1/24, 1/16, 1/12, 1/8, and 3/16 inch.
Five combinations with respect to number of plies--1,3, 5, 7, and 9.
Five arrangements of plies—g
a) Single-ply veneer with grain parallel to span.
b) Laminated wood with grain of all plies parallel to span.
c) Laminated wood with grain of all plies perpendicular to span.
d) Plywood with grain of outer plies parallel to span, grain of
adjacent plies at right angles.
(e) Plywood with grain of outer plies perpendicular to span,
grain of adjacent plies at right angles.
Related tests--standard specimens of solid wood with grain parallel
to span.

(
(
(
(

Tests were made only on specimens in which all plies were of the same spe-
cies and the same nominal thickness. Similarly, no defects were permitted in the

g It is desirable, for convenience, to employ a more concise, though less accurate, terminology for
the various ply arrangements. The following term will, therefore, be used in later portions of
the report: “All-parallel” will be used to mean ply arrangement described under (b) above: “all-
perpendicular,” that under (c); “outer-parallel,” that under (d): and “outer-perpendicular,”that
under (e).

FPL-059 -2-



specimens tested. Defects such as knots and spiral grain that. occurred in a
sheet of veneer were eliminated from the material that was to form the speci-
men. Deviation of the grain from the plane of the veneer (diagonal grain) is to be
expected in rotary-cut veneer as a result of unavoidable eccentricity of the
growth rings. No attempt was made to eliminate this defect nor to evaluate its
effect, because considerable variation is possible within even a small area and
because of the difficulty of measuring its magnitude. The effect of defects, there-
fore, has been effectively eliminated in this study.

Bending tests were made on 2- by 2- by 30-inch solid specimens cut from the
cores of the peeler blocks. Ten specimens were cut from each of two cores for

both  Douglas-fir and Sitka spruce--a total of 20 specimens for each species.
Yellow-poplar cores were not available for these tests.

The following tests were made on veneer, plywood, and laminated specimens:

Sitka Spruce
Three-ply--Four tests were made on each of four veneers of each thickness

(1/24, 1/16, 1/12, 1/8, 3/16 inch) from each of two trees and of each of the five
basic constructions. The total number of tests was 800.

Five-ply--The5-ply test series was the same as the 3-ply series, except
that two tests were made on panels from each of two sheets from each of two
trees for each thickness and construction. The total number of tests was 200.

Seven-ply--The 7-ply test series was the same as the 3-ply series, except
that four tests were made on panels from each of two trees for each thickness
and construction. The total number of tests was 200.

Nine-ply--The 9-ply test series was the same as the 7-ply series, with the
same total of 200 tests.

In all, 1,400 tests were made on Sitka spruce panels.

Douglas-fir

The series of tests made on Sitka sprucepanels was also made on Douglas-fir
panels. The total number of tests was also 1,400.

FPL-059 -3-



Yellow-poplar

Three-ply--The3-ply yellow-poplar was given the same series of tests as
the 3-ply Sitka spruce. The total number of tests was 800.

Five-ply--The5-ply test series was the same as the 3-ply series, except
that one test was made on panels from each of two sheets from one tree for each
thickness and construction. The total number of tests was 50.

Seven-ply~--Th&-ply test series was the same as the 5-ply series. The total
number of tests was also 50.

Nine-ply--The 9-ply test series was the same as the 7-ply series, except that
one test was made on panels from one sheet from one tree for each thickness and
construction. The total number of tests was 25.

The total number of tests on yellow-poplar panels was 925.

Total

In all, 3,725 tests were made on the panels of all three species. In addition,
bending tests of 2- by 2- by 30-inch specimens were made by standard methods
on 20 Sitka spruce and 17 Douglas-fir specimens cut from the cores of the peeler
blocks.

Material and Fabrication

Material

The exact region of growth of the material is not known. The Sitka spruce and
Douglas-fir veneer were cut at Tacoma, Wash., and the yellow-poplar veneer
was cut at Huntington, W. Va.

For each species, the veneer was cut by the rotary process from 8-foot bolts
of 2 logs into 4-foot-wide sheets, except occasionally where defects made it
necessary to cut smaller widths. Veneers of each thickness were cut from each
log. The veneer sheets of each thickness were numbered successively as they
were cut and were identified by log and sheet numbers.

The veneer was dried at the mills by usual methods. The cores remaining
after the Sitka spruce and Douglas-fir veneer had been cut from the peeler blocks
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were left intact and were shipped inthegreen condition to the Laboratory, where
they were cut into 3-1/2-inch-thickplanks that weresubsequently air dried. The
cores from the yellow-poplar were not obtained. The core diameters were: Sitka
spruce log 1, 56 inches: Sitka spruce log 2, 45-1/2 inches; Douglas-fir log 1,
32 inches; Douglas-fir log 2, 34 inches.

The veneer was specially cut for this study and was of high quality with only
very minor defects.

Matching and Marking of Specimens

The specimens were made up in matched sets of five specimens. Each set
consisted of one specimen of single-ply veneer and one specimen each of the
all-parallel,  all-perpendicular,  outer-parallel, and outer-perpendicular ply
arrangements,gall with the same number of plies and made of plies of the same
thickness.

Since the chief function of the tests was to develop methods of computing the
strength and stiffness of plywood, it was desirable to reduce, as far as possible,
the effect of variability of material. For this reason, all material for a given set
of specimens was cut from a single sheet of veneer.

Tests were made generally on not less than four sets of specimens from each
tree. Usually, each set was from a different sheet of veneer, but for the smaller
number of plies and the thinner veneers it was sometimes possible to get all the
material for four sets of tests from a single sheet of veneer. In such cases, more
than four sets of specimens were tested.

Gluing and Conditioning Specimens

The veneers were bonded with casein glue (Forest Products Laboratory for-
mula 4b) after they had been conditioned to approximately constant weight in an
atmosphere  maintained at 72° F. and 52 percent, relative humidity (conditions
that produce approximately 10 percent equilibrium moisture content in wood).
After the specimens were glued, they were stored under the same conditions until
their weight was about constant before they were tested. The gluing was done at
room temperature with a spread of about 0.032 pound of glue per square foot of
joint area.

The solid specimens were conditioned at 72°F. and 52 percent relative humidity
until their weight was approximately constant before they were tested.
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Methods of Test

All bending specimens were tested under center loading. The specimens were
2 inches wide and were made 2 inches longer than the span to provide a 1-inch
overhang at each end. The span used varied with the different constructions so as
to afford a uniform effect of shear deformation. The span to be used for each
construction was computed from the span-depth ratios based on the nominal
depth of the specimen. For the all-parallel, outer-parallel, and single-ply con-
structions, the span-depth ratio was 48. For the all-perpendicular and outer-
perpendicular constructions, the span-depth ratio was 24.

The radius of curvature of the loading block was made 1.5 times the nominal
depth of the specimen. The rate of descent of the movable head was determined

by the equation (;)§

g2
" 6h

where N is the rate of descent of the movable head in inches per minute, z the
rate of outer fiber strain (taken here to be 0.0015 inch per inch per minute), L
the span in inches, and d the depth of the beam in inches.

The specimens were supported on knife edges that were adjustable laterally to
compensate, where necessary, for warp. Roller supports were provided between
the knife edges and the specimen to eliminate end restraint. Figure 1 shows de-
tails of the adjustable knife edges and the roller supports.

Simultaneous readings of load and deflection of the center with respect to the
ends were obtained throughout each test. Deflections during the early portion of
the test were measured by means of a dial gage graduated to 0.001 inch. For the
longer specimens, the dial gage was attached to a metal yoke supported on nails
driven into the specimen at the neutral plane immediately above the supports. The
spindle of the dial gage was attached to a nail driven into the neutral plane at the
center of the specimen, as illustrated in figure 1.

With the shorter specimens, it was necessary to attach the dial gage to the base
of the support, with the spindle of the dial gage supported from a yoke attached
to the center of the specimen (figs. 2 and 3).

2Underlined numbers in parentheses refer to literature cited at the end of the text.
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For tests of single-ply veneer, it was impractical to make any attachments to
the specimen itself and, in such tests, the dial gage was attached to the base of
the support and the spindle of the dial gage was allowed to bear against the
bottom of the specimen, directly below the loading block (fig. 4).

For the longer specimens, where deflections in excess of the capacity of the
dial gage were encountered, a steel scale graduated to 0.01 inch was suspended
from the center of the specimen and a fine wire was stretched between nails
driven into the specimen directly above the supports. The deflection was meas-
ured by observing, through a telescope, the passage of the scale past the wire.
The tests were discontinued when it was certainthat the maximum load had been
passed.

Where loads were small and the testing machine was not sensitive enough to
give satisfactory results, a more accurate weighing system, employing a plat-
form scale, was used. The platform scale was supported on the stationary plat-
form of the testing machine, and motion was imparted to the loading block by
means of rods passing through holes in the scale platform and connecting the
movable head of the testing machine with the loading block. The testing machine
was thus used only as a means of achieving the desired rate of movement of the
loading block, while loads were measured with the platform scale to 0.01 pound.
This device is illustrated in figure 3.

The solid 2- by 2- by 30-inch specimens were tested under center loading on
a 28-inch span at a head speed of 0.10 inch per minute (2). The loading block had
a radius of 3 inches. Deflection of thecenter with respect to the ends was meas-
ured with a device similar to that shown in figure 1.

All tests were made in an atmosphere maintained at 72°F. and 52 percent
relative humidity.

Moisture determinations were made on pieces that were cut from each speci-
men immediately after it was tested.

Discussion of Results

The analyses discussed in this section are based on a comparison of theoret-
ical values calculated from strength properties determined from tests on lami-
nated and plywood specimens. In each case, the laminated specimen considered
had the same number and thickness of plies as the plywood specimen with which
comparisons were made. This procedure was adopted to eliminate any possible
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effect from differences in depth of beam or from differences in the number of
glue joints. The results from tests of veneer were not used in the analyses.

No corrections of data were made for the large deflections encountered during

test. These corrections represent a negligible part of results, thus were not
considered.

Modulus of Elasticity

Theoretical considerations show (7, 11) that the deflection of points on the
central line of a centrally loaded rectangular strip of plywood is given by

Pa3 h2
W= 48E I (= upphpg) BQ+ e ? (1)

where w is the deflection; P the central load; a the span; E Cthe apparent modu-

lus of elasticity in bending; 1 the moment of inertia, based_on the full cross sec-
tion of the specimen; Kt the Poisson’s ratio associated with the tangential di-

rection and stress in the longitudinal direction; KoL the Poisson’s ratio associated

with contraction in the longitudinal direction and stress in the tangential direc-
tion; B and e factors involving elastic constants of wood; and h the depth of the
specimen,

The factor (1 - “LT HTL) B accounts for the difference in deflection at dif-

ferent points across the width of the specimenthat results from anticlassic cur-
vature. The difference between this factor and unity was found to be relatively
unimportant for the ratios of span to width used in these experiments. It was
about 0.99 for all types of specimens except those with the grain of all plies per-
pendicular to the span, for which it was found to be 1.00.

2

The factor (1 + eh—z) accounts for the deflections resulting from shear de-
a

formations. This factor varied in its effect with different constructions from

about 1.01 to about 1.13.

The modulus of elasticity is different at different points in a cross section of
a plywood strip, since the transverse plies have a modulus of elasticity parallel
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to the span that is only about 3 to 5 percent of that of the longitudinal plies. The
term *“apparent modulus of elasticity in bending” is therefore used to mean a
composite or overall modulus such as might be obtained by the use of the usual
equations with tension or compression data or withstatic bending data corrected

for shear deformation. The apparent modulus ofelasticityin bending, E_, has the
general equation C

i=n
1

E =—-E

c I EiIi (2)
i=1

where E c and | are as previously defined, Ei is the modulus of elasticity of the
ith ply_parallel to the span, I the moment of inertia of the ith ply about the cen-
i

tral line of the full cross section, and n the number of plies. Where r is equal
to ET/EL, E1 is the apparent modulus for a strip with the grain of the outer

plies parallgto the length of the specimen, and is the apparent modulus for

_2
a strip with the grain of the outer plies perpendicular to the length of the speci-
men, and it is assumed that all plies are of the same thickness, as was the case

in the tests made in this study, Ec may be shown to have the following values:

Number Equation for Ec
of
plies Outer-parallel Outer-perpendicular
_r+26 1+ 26r
3 El 27 EL E2 27 L
= 26r + 99 _ 26+ 99r
S El 125 EL E2 125 EL
(3)
_ 99r + 244 _ 99 + 244r
! El a 343 EL E2 343 EL
= 244r + 485 244 + 485r
= 244r + 485 g =244+ 48or
9 El 729 EL 2 729 EL
EL is the modulus of elasticity of wood in the longitudinal direction, and ET is

the modulus of elasticity of wood inthetangential direction. It may be noted that,
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in equation (1). EC = EL for specimens with the grain of all plies parallel to the

length of th i d E = i i i i
p%?%end?culare tgpﬁ%m erhsgjth?n c ET for specimens with the grain of all plies

Values of EL and ET were obtained by use of equation (1) from tests on all-

parallel and_all—perﬁdicular specimens, respectively, and were used with
equations (3) to calculate values of E1 and E2 Values of E and ET and calcu-

lated values of E and E2 are shown in tables_l, 2, and 3 in_columns_S, 7, 8, and
9, respectively— -

Values of E1 and E2 were obtained by use of equation (1) from tests on outer-

parallel and_outer—Erpendicular specimens, respectively, and are shown in
tables 1, 2, and 3 in columns 11 and 13 as E1 (obs) and E2 (obs).

Throughout the report, the term “calculated value” is used to mean a value
pertaining to plywood derived from theoretical considerations based on the con-
struction of the plywood and from values computed from tests of all-parallel and
all-perpendicular specimens. The term “observed value” is used to mean a value
computed from tests on plywood. The observed values may then be compared
with the calculated values to check the validity of the theoretical considerations
involved in setting up the formulas for the strength and stiffness of plywood.

The ratios of observed values of E1 and E2 to calculated values are shown in

columns 14 and 15 of tables 1, 2, and 3. The plywood specimens that gave the
observed values were matched with the laminated wood specimens that gave the
results used in obtaining the calculated values.

All values except specific gravity in tables 1, 2, and 3 have been adjusted to
a uniform moisture content basis of 10 percent on the assumption that moisture
adjustments for plywood and laminated wood maybe made in the same manner as
for solid wood (12). Other work (5) has confirmed the validity of this assumption.

From a consideration of tables 1, 2, and 3, it may be seen that there is appar-

ently no uniform variation of the ratio of observed to calculated values of E 1 and

E2, either with ply thickness for a given number of plies, with number of plies

for a given thickness, or between tree 1 and tree 2. It seems proper, therefore,
to consider all of these ratios together for each species. Table 4 presents
statistics summarizing the comparison between observed and calculated values
given in detail in tables 1, 2, and 3.
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From table 4 it may be seen that, in general, the ratio between observed and
calculated values is approximately unity. Considering the magnitude of the stand-
ard deviation it may be seen at once that none of the mean values of the ratio is
significantly different from unity.

From this it may be concluded that equation (1) represents, within the limits
of variability of the material, the relation between load and deflection of a cen-
trally loaded rectangular strip of plywood for stresses up to the proportional
limit, with the values of apparent modulus of elasticity for the plywood defined by
equation (2).

Fiber Stress at Proportional Limit

Theoretically, the stress at a point z distant from the neutral axis of the cross
section of a strip of plywood subjected to a bending moment M is given by

f=

Mz
. @

tx:lrr.l
»

c

where f is the unit stress at a point z distant from the neutral axis, M the bending
moment, z the distance from the neutral axis to the point being considered, EX

the modulus of elasticity of the material in the direction of the stress at the point
being considered, EC the apparent modulus of elasticity in bending for the strip

of plywood, and lﬁe moment of inertia based on the full cross section of the
specimen.

Equation (4) applies, of course, only when stresses are below the proportional
limit at all points in the cross section. The analysis leading to equation (4) is
based on the assumption of linear variation of strain across the cross section,
and is applicable only where the shear deformations are not great enough to in-
validate this assumption, as in beams of relatively large span-depth ratio or in
regions of low shear, such as the centralportion of a uniformly loaded beam.

The resisting moment of a plywood beam for a stress f in the extreme fiber
is given by

()

| B
Ol

where ¢ is the distance from neutral axis to extreme fiber in inches.

FPL-059 -11-



fE
If E is replaced by fa’ which may be called an apparent stress, equation (5)
X a
may be replaced by

R 6)
where
Ec
=t E_ ()
If the apparent stress at proportional limit is denoted by FL, FT’ and Fl' for

all-parallel, all-perpendicular, and outer-parallel specimens, respectiv@, it
may be seen that, based on equation (7),

l:!.lltd
il )

F,. =F

1 - fL 8

It may be noted that, for all-parallel and all-perpendicular specimens, the ratio
EC /EX becomes unity, and equation (4) reduces to the usual equation for stress

in a bent beam.

Values of FL and FT were obtained, by the use of equation (6), from data on
all-parallel and aII—pEpendicuIar specimens, respectively, and values of FL
Fy- Values of F_L and F__I_and
F1 (calc.) are shown in tables 5, 6, and7in columns 5, 10, and 7, respectively.

were used with equation (8) to calculate values of F

Values of F1 were obtained by use of equation (6) from data on outer-parallel

specimens, aﬁj are shown intables 5, 6, and 7 in column 15 as F1 (obs).

The observed and calculated values were then compared. The ratios of ob-
served to calculated values are shown in column 20 of tables 5, 6, and 7 and are
summarized in table 8. The calculations were made for groups of specimens as
described in the discussion of modulus of elasticity.

It may be noted that the observed values were approximately 90 percent of the
calculated values; ranging from 0.72 to 1.09 times the calculated values. This is
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because the proportional. limit in the bending test is reached first at only one
location in the beam. This location is directly under the load in the extreme
compression fiber. As the test proceeds, adjacent material also reaches the
proportional limit. A considerable amount of material must be affected before
the load deflection curve is sufficiently influenced to indicate a proportional
limit (3). Thus the proportional limits obtained from bending tests are always
greater than those obtained from compression tests.

The tensile and compressive strengths of wood perpendicular to the grain are
very low, Calculations indicate that the tensile strength of the outer transverse
tension ply of a plywood strip that has its face grain direction perpendicular to
the span is exceeded by the time the outermost longitudinal ply has reached its
proportional limit. When the tensile strength of the tension transverse ply has
been exceeded, it can no longer contribute to the bending strength of the plywood
strip. Therefore, the proportional limit bending strength of a plywood strip is
controlled by that of the outermost longitudinal ply, and the outer transverse ply
may be neglected in computing the proportional limit strength of the strip.

There are indications that the proportional limit in compression perpendicular
to grain is reached at a deformation about 2-1/2 to 3 times as great as that at
proportional limit in compression parallel to grain. This means, then, that the
outer transverse compression ply of a 3-ply plywood strip with all plies the same
thickness reaches its proportional limit at about the same time as does the
longitudinal ply. The same will be true of plywood with more than three plies.
Therefore, the outermost longitudinal ply will be the controlling factor, and the
proportional limit of the plywood strip will be reached when the stress in this
ply reaches its proportional limit value.

From the above considerations, calculations of F2 have been made on the

basis that the compressive transverse ply is effective, but that the tensile
transverse ply is completely ineffective. Under this assumption and neglecting
the effect of change of neutral axis when the outer transverse tension ply is
neglected, equation (5) becomes

L]
F E
L 1
M=% & ®)
L

where E 5 is the apparent modulus of elasticity about the centroidal axis with the

outer transverse tension ply neglected and c' is the distance from the centroidal
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axis to the outer longitudinal ply. If all plies are of equal thickness, then

¢ = 2 c (10)

where n is the number of plies. Making this substitution into equation (9), equa-
tion (5) becomes

J
=FLE2 n_ I
EL n-2c¢

M (11)

Based on this equation the apparent stress at proportional limit for plywood with
outer-perpendicular plies is

ET
o —2._m
F, =¥, E_ n-2 (12)

and for different number of plies, F2 can be calculated from the following
equations: -

Number Equation for E Equation for F
of 2 2
plies
1+ 13r 1+ 13r
3 e F. === =F
57 a0 B 2" g L
26 + 50r 26 + 50r
1 - = - = F = == - =
> . 125 EL 2 75 L
7 £ - 99+ 1350 P, =% 10re
343 L 2 245
. 244 + 292r _ 244 + 292r
9 Eo = 729 EL I:2 - 567 FL
Values of F2 calculated on the basisofthese equations are shown in column 17
of tables 5, 6,_and 7. Values of F, were obtained by use of equation (6) from data

2

on outer-perpendicular specimens and are shown in column 18 of the same tables
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as F2 (obs), The ratios of observed to calculated values of F,are shown in

column 22 of tables 5, 6, and 7 and are summarized in table 9. While consider-
able variability is found, the average value of the ratio is found to be about
93 percent.

From the foregoing, it may be concluded that the load-carrying capacity (for
stresses at the proportional limit) of a strip of plywood may be predicted by the
equation

M =KF
a

0 e

(13)
where K is an empirical factor, 1 is the moment of inertia of the whole cross
¢

section, is the distance from the centroidal axis to the extreme fiber, and Fa

may be found from the following tabulation forplywood with all plies of the same
thickness and species.

Number Equation for F
a
of
lies
BHes QOuter-parallel Outer-perpendicular
r + 2 13r + 1
3 F =F =-—-—_= = - =
1 L 27 F2 :FL 9
6 + 99 50r + 26
5 F. = F =— — = = _ -
1 L 125 F2 FL 75
; 99r + 244 e . 185r+ 99
F1 = FL 343 2 L 245
_ 244r + 405 292r + 244
9 F=FL 729 Fo =FL = 567

A method is given elsewhere in this reportfor setting up similar formulas for
any construction.

Modulus of Rupture

Obviously, any theories based upon assumptions of elastic behavior are invalid
for application at failure. However, it is not unreasonable to assume that values
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of apparent modulus of rupture for plywood, based upon the theory outlined in the
preceding section, would differ from the observed values by some approximately
constant factor.

Upon this premise, therefore, values of apparent modulus of rupture based
upon moduli determined from tests of all-parallel and all-perpendicular speci-
mens were calculated on the same basis as that employed in calculating values
of apparent fiber stress at proportional limit. These calculated values were com-
pared with observed values of apparent modulus of rupture from tests of outer-
parallel and outer-perpendicular specimens,

Moduli of rupture from tests of all-parallel and all-perpendicular specimens
are shown in tables 5, 6, and 7 in columns 6 and 11 as SL and ST' respectively.
Values of il and 82 calculated from these moduli are shown in columns 8 and 13,
respectively. Values of 82 were calculated assuming outer tension ply ineffective

as was explained for the calculation of F2. Observed values of S 1and 82 as found

from data of outer-parallel specimens_and outer-perpendicular specimens are
shown in columns 16 and 19, respectively. The ratios of observed to calculated

values are shown in columns 21 and 23 of tables 5, 6, and 7.

It may be concluded that the ultimate strength of a strip of plywood may be
predicted by the equation

M =Ks, 3 (14)
ac

where Sa may be found from the followingtabulation for plywood with all plies of

the same thickness and species, and the other terms have the meanings given in
connection with equation (13)

Number Equation for S
of g
plies QOuter-parallel Quter-perpendicular
r + 26 13r + 1
3 _ —_ S =§ =/
S1 = SL 27 2 L 9
26r + 99 50r + 26
5 =S = S, =5 ==
S1 SL 125 2 L 75
7 . -s 99r 34;3244 82 :SL 135r 24;599
1 7L
9 244r + 485 s =g 292r + 244
S1 =SL 729 2 L 567
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A later portion of this report will give a method of setting up similar equations
for any construction.

Tables 8 and 9 present summaries of the comparisons between observed and
calculated values given in detail in tables 5, 6, and 7. In table 8, the values of

S1 ratios for all numbers of plies are considered together. The average ratio of

S1 (obs) to S1 (calc.) is 0.86. In table 9, however, the value of 82 ratios for the 5-,

?, and QHy constructions are considered together in one?oup and those for
the 3-ply are considered separately, since the average ratio for 3-ply construc-
tions is 1.15, and for the 5-, 7-, and 9-ply is approximately 1.0.

Effect of Neglecting Transverse Plies

Consideration of tables 1, 2, and 3 and 5, 6, and 7 indicates that the transverse
plies may be expected to contribute, ingeneral, but little to the strength or stiff-
ness of a plywood strip. A comparison of values of modulus of elasticity from
tests of all-perpendicular specimens with those from tests of all-parallel speci-
mens shows that ET is only about 3 to 5 percent of L Similarly, a comparison

of moduli of rupture indicates that the ultimate strength in tangential direction is
only about 4 to 6 percent of that in the longitudinal direction.

From this it would appear that a good approximation could be obtained by
neglecting the effect of the transverse plies and by considering that the plywood
consisted only of the longitudinal plies, with the transverse plies acting only to
space the longitudinal plies. Computations of modulus of elasticity, fiber stress
at proportional limit, and modulus of rupture were made on this basis by con-
sidering only those plies with the grain direction parallel to the span.

Modulus of Elasticity

In the case of modulus of elasticity, neglecting the effect of the transverse
plies amounts, essentially, to neglecting the terms involving r (r = ET/EL) in

equations (3). The errors to be expected from this approximation may be esti-
mated. Assuming r = 0.04 for the 3-ply outer-parallel construction, for instance,
the ratio of exact to approximate value would be 26.04/26 = 1.0015. The error is
only a small fraction of 1 percent. Other values of the ratio of exact to approxi-
mate values of Eq and E2 are tabulated below for r = 0.04.

FPL-059 -17-



Number Ratio of exact to approximate

of modulus of elasticity
plies
Outer-parallel Outer-perpendicular
(E1) (E2)
3 1.0015 2.0400
5 1.0105 1.1523
7 1.0162 1.0986
9 1.0201 1.0795

For the outer-parallel specimens, the error is negligible in comparison with
the natural variability of the material. For the outer-perpendicular specimens,
on the other hand, the errors, particularly for the 3-ply, are of significant size.

Tables 10, 11, and 12 present values ofEL, FL

results of tests of plywood specimens by con_sidering only the parallel plies. In
columns 6 and 7 are shown ratios of the values of E I_from such calculations

,and S I_calculated from the

compared with results from tests of all-parallel spﬁmens. The ratios are
generally near unity except for those for the 3-ply outer-perpendicular specimens.

As previously pointed out, approximate values of EC may be calculated by

neglecting the terms involving I in equations (3). The ratios of values calculated
from equations (3) considering the terms involving r to those calculated by neg-
lecting such terms are shown in table 13 for various values ofr. The values of r
chosen are average values (table 16) for the various groups of specimens. The
ratios should correspond with those given in columns 6 and 7 of tables 10, 11,
and 12. The comparison, shown in table 14, indicates good agreement.

Figures 5 (left) and 6 (top) show the variation in error to be expected from
neglecting the transverse plies for various values of r and for 3-, 5-, 7-, and
9-ply plywood. Figure 5 shows this relation for plywood with all plies the same
thickness, and figure 6 for plywood with the face plies one-halfas thick as the
others.
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Fiber Stress at Proportional Limit;

Modulus of Rupture

Consider equation (5):

-I5
b [xm

(5)

7]

For a 3-ply strip with the grain of outer plies parallel to the span, this equation
reduces to

£ =2 LM 15
-1 r+26E II‘+26 (15)
27 VL 27

for stress in the extreme fiber.

Neglecting the effect of the transverse plies here again amounts essentially to
neglecting r in equation (15) and in the related equations for other constructions.
The errors introduced by this approximation are indicated in figures 5 (right)
and 6 (bottom) and by the ratios shown incolumns 11, 12, 16, and 17 of tables 10,
11, and 12.

For outer-parallel specimens, the error resulting from neglecting the trans-
verse plies in computing modulus of elasticity, fiber stress at proportional limit,
or modulus of rupture is so small as to be negligible, even for plywood with a
large number of plies. For outer-perpendicular specimens, on the other hand,
the error is considerable, especially for 3-ply and 5-ply plywood. For such con-
structions, the approximation may be too greatly in error to be useful.

Relation Between the Properties of

Laminated Wood and Solid Wood

In the preceding sections, certain relationships between the properties of
laminated wood and plywood have been developed with the tacit assumption that
the properties of laminated wood and solid wood were identical. Some consider-
ation must be given to the validity of this assumption.
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In general, there appeared to be no variation in the strength properties of the
laminated wood with variations in ply thickness or in number of plies, except
that the results from tests of single veneers were generally somewhat lower
than those from specimens withmorethanoneply. The reason for this difference
is not known, but it is possible that the glue joints in the multi-ply specimens
may have had some effect in increasing the strength,

Bending tests of solid wood have indicated a decrease in both fiber stress at
proportional limit and modulus of rupture with increasing depth of beam (10). It
might have been expected, then, that a tendency toward decreasing strength would
be found for laminated material with increasing numbers of plies of a given
veneer thickness, or with increasing ply thickness for specimens of a given
number of plies. Such a trend was not found in either case. The variability of
results was considerable, and apparently was sufficiently large to obscure a
trend if any were present. The comparisonof specimens of a given veneer thick-
ness for various numbers of plies would be expected to give the better compari-
son, since such specimens would have come more nearly from the same portion
of the tree than would those with the same number of plies but of different veneer
thicknesses.

Obviously, any exact matching of material in laminated and solid specimens is
impossible. It was considered, however, that some semblance of matching might
be obtained by testing solid specimens from the cores of the peeler blocks from
which the veneer had been cut. The results of standard bending tests on speci-
mens from peeler block cores are summarized in table 15. The results, adjusted
to a moisture content basis of 10 percent, are also shown to facilitate compari-
son with the results of the tests of laminated specimens. Specific gravity values
were not adjusted to the 10 percent moisture content basis.

Because of the limitations of size of available material, bending tests on speci-
mens of solid wood with the grain perpendicular to the span could not be made.

The results from the tests of solid specimens bore no constant relation to the
results from the tests of laminated specimens, although the averages were gen-
erally within the range of results from laminated specimens. It is probable that
the matching was inadequate, because the solid specimens came from near the
center of the tree and the laminated specimens came from varying positions near
the outside. The general agreement of results, however, indicates that there is
no serious difference in properties between solid and laminated specimens, and
that the calculation of plywood properties using the methods discussed herein,
together with strength properties from tests of solid wood, is valid.
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Conclusions and Recommendations

The preceding portion of the report has presented methods of computing the
strength and stiffness of plywood strips subjected to bending, with a discussion
of the relationships existing between the methods. A summary of these methods
will now be presented, together with the factors to be used in applying them.
These factors apply to plywood having all equal thickness plies.

Deflection of Plywood Strips

Exact _method.--The deflection of a plywood strip may be determined (exclusive
of deflections resulting from shear deformations) by use of the usual equations,
simply by replacing modulus of elasticity in bending by an apparent modulus.
This apparent modulus of elasticity in bending is a function of the number and
thickness of the plies in the strip, and of the longitudinal and transverse moduli
of elasticity of the wood.

The apparent modulus of elasticity, Ec’ may be calculated from

i=n
1:
E =7 E 1
c Iizl ili

where |1 is the moment of inertia of the full cross section about its central line,
Ei the modulus of elasticity of the ith ply parallel to the span, Ii the moment of

inertia of the ith ply about the central line of the full cross section, and n the
number of plies.

For plywood with all plies of the same species, EC may be found from

rl +1
X w

Ec - 1 EL

where 1 is the moment of inertia of the full cross section about its central line,
IX and IJN are the moments of inertial of the transverse and longitudinal plies,

respectively, about the central line of the full cross section, r is the ratio of

the transverse to longitudinal modulus of elasticity of the wood, and EL is the
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longitudinal modulus of elasticity of the wood (9). A table of values of EC for
plywood with all plies of the same species and the same thickness has beenﬁlen,
equation (3).

Approximate _method. --The deflection may be computed approximately, using
a moment of inertia based upon only the parallel plies; that is,

E =*1'EE, I,
c 1 il

where the summation is made only for those plies with the grain direction parallel
to the span. For plywood with all plies of the same species,

I

.4
EC_I E

L

For plywood with the face grain parallel to the span, this approximation will, for
most cases, be only slightly in error. For plywood with the face grain perpendic-
ular to the span, however, the error may be considerable and in many cases will
be so large as to render the approximation unusable. The magnitude of the errors
to be expected from the approximation has been shown, for certain cases, in
figures 5 (left) and 6 (top).

Val f E
alues o T(

ER (modulus of elasticity in the radial direction of the wood) for computing the

ratios rT = ET/EL and M= ER/EL are available for some species. The data

are incomplete, however, in that only a few species have been tested, and little
is known about the variation of these ratios with variations in specific gravity or
with changes in moisture content.

modulus of elasticity in the tangentialdirection of the wood) and

The principal available data are presented in “Elastic Properties of Wood,”
Forest Products Laboratory Report No. 1528, and supplements thereto (4). Some
data are available also in references (6) and (8). For cases in which no data are
available, the use of values of rp = 0.05 and e = 0.10 is suggested. Approxi-

mate values of these ratios may give results only slightly in error.
The correction for anticlastic curvature is usually so small that it may be
neglected. From table Il of March's paper (7), it may be seen to be less than

2 percent for 3-ply and 5-ply strips of spruce plywood, even for strips with a
ratio of span to width as low as 4.
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The correction for shear deformation, on the other hand, may be considerable.
This correction is made (see equation (1)) by multiplying by a factor involving
the constant e, which depends upon Poisson's ratios and moduli of rigidity. Data
on these properties are available (4, 6) for a few species, and may be used with
equations presented by March to calculate values of e. Some values of this con-
stant have already been calculated and are presented in table 18.

These values of e may be used as a basis for estimating values of e for other
species. Reasonable corrections for shear deformations may be made even with
values of e considerably in error. Assume, for example, that the proper shear
corrrection is (1 + 0.10) and that the value of e is 20 percent low. The computed
correction would then be (1 + 0.08), which is only 2 percent in error, so that the
corrected deflection would be only about 2 percent in error.

Load-Carrying. Capacity of Plywood Strips
(For stresses at proportional limit)

Exact method.--The load-carrying capacity of a plywood strip for stresses at
the proportional limit may be determined by

M = KF L
ac

where K is an empirical factor, Fa is found as indicated below, 1 is the moment

of inertia of the whole cross section about its central line, and ¢ is the distance
from the centrodial axis to the extreme fiber of the outermost longitudinal ply.

The term Fa for outer-parallel strips is given by
E

: ¢
=
Fa E L.

t1

where Fa is an apparent stress in bending, FL is the desired stress in the outer-

most Ion_gitudinal ply, and the other terms are as previously defined.
For outer-parallel strips with all plies of the same species, Fa may be found
from —
1 +1
X W

=—=—=TF
Fa I L
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where r, IX, and !/v are as previously defined, and 'I:_ is the desired stress in

the outermost longitudinal ply.

For outer-perpendicular strips, F ais given by a similar procedure, except

that the outer transverse ply on ﬁ: tension side will be neglected. Here, Fa

will be given by

L]

L

w
o]
=5

where Em equals EC for a strip ofplywood with the outer plies at right angles to

the span, and the outer ply on the tension side is considered ineffective. The other
terms are as previously defined.

For outer-perpendicular strips with all plies of the same species, Fawill be
given by o
1’ + 1
X

W
Fo ™ T FL

where I'X is the moment of inertia about the central line of the full cross section

of all transverse plies except the one on the tension side, and all other symbols
have the meanings previously given.

Omission of the outer transverse ply on the tension side will result in a shift
in the neutral axis from the center of the depth toward the compression face of
the beam. The effect of this shift is generally small enough to be neglected, and
the neutral axis may be assumed to be at the center of the depth of the beam.

The factor K has been determined experimentally and the following values will,
in general, give results on the safe side: outer-parallel plywood, 0.85; outer-
perpendicular plywood, 0.90.

Approximate method. --The load-carrying capacity may be computed approxi-
mately by

L]

.
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where the terms are as previously defined. The same values of the factor K may
be used, except for the 3-ply outer-perpendicular plywood, where a value of 1.20
should be used,

For plywood with the face grain parallel to the span, this approximation, which
involves neglecting the transverse plies, will, for most cases, be only slightly in
error. For plywood with the face grain perpendicular to the span, however, the
error may be considerable and in many cases will be so large as to render the
approximation unusable, The magnitude of the errors to be expected from the ap-
proximation has been shown, for certain cases, in figures 5 (right) and 6 (bottom).

Ultimate Load-Carrying Capacity
of Plywood Strips

Exact method.--The ultimate load-carrying capacity of a plywood strip may be
computed by the method given for stresses at the proportional limit by substitu-
ting modulus of rupture in place of the lower stress and by using appropriate
values of K, which are somewhat different for ultimate load than for the lower
stresses.

Values of K are: outer-parallel plywood, 0.85; outer-perpendicular plywood,
3-ply, 1.15; outer-perpendicular plywood, 5 plies or more, 1.00.

Approximate method.--The approximate method, as given for use with stresses
at the proportional limit, may be used also for computing the ultimate load-
carrying capacity by substituting modulus of rupture in place of the lower stress
and by using appropriate values of K. Values of K given for use with the exact
method may be used with the approximate method except for 3-ply outer-
perpendicular plywood, where a value of 1.50 should be used.
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Table 1.--Comparison of observed and calculated values of E; and E; for Sitka spruce. (aj|

values except specific gravity adjusted to 10 percent moisture content basis.)
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Table 1.--Comparison of observed and calculated values of Eq and E, for Sitka sprucde. (All values

except specifice gravity adjusted to 10 percent moisture content basis.) (continued)
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ViZt 1+ ki 359 : 1,713 ¢ JI50 : J7.2 : 1,165 : 625.7 ¢ .356 : 1,123 : 349 : 619.0 : .964 : .991
/12 ¢ 2+ b ox L3723 1,666 3 .395 3 80.2 : 1,135 : 611,00 ¢ L3TH : L,163 ¢ 381 @ 638.9 : 1.025 : 1.046
/12 1 end 2: B ¢+ 366 : 1,685 + 377 : 786 : 1,150 : 617.6 @ 365 : 1,043 @ .365 : 628.9 : .99 : 1,018
8 o Wi 357 ;1,659 : 369 : 72.9 1 1,128 : 603.8 :+ 367 : 1,172 : .367 ¢ 601.9 : 1.039 : .997
/8 = 2 & 388 ; 1,6%% ¢ 390 B0.1 : 1,127 : 606.6 @ .3TH : 3,036 : ,3B% : 6OT.6 : .919 : 1.002
1/8 :lapd 2: B L3720t 1,656 ¢ L38O0 6.4 ¢ 1,127 : 605.1 @ 37O ¢ 3, 10h @ (375 - 60L.B @ 98B0 : 1.000
36 1 1 b 356+ LA55 ¢ .38 ¢ 59.5 ¢ 1,005 ¢ S40.0 i L35k : 1,083 ¢ .350 ¢ 529.B : 1,008 : .96l
16 2 : & 376 51,888 ;0 3T 61.9 : 1,26% : 6664 ¢+ 380 ¢ 1,219 : ,33h : 61k.1 & .965 @ .92
3/16 12 and 2: 8 366 2 1,682 ¢ 368 60.6 ¢ 1,139 1 603.3 & L3671 1,120 @ L3b3 o S7L.3 : L98% p oW
MEBn | 1 feaeeroteiirenesierenensionrins e it B VO SUUTROUR PPN ,o1 1,005 1 .97k
Mean 1 2 faes : U D P SR S S FI. Toieeaaee? 0PG5 1,002
MEAn L BRE 2% .eusnsleernrraeiurceorsinrancesalosnsssndsaransidoaanan P S AR DO SR = SR« .

IThe number of teate appliee to ench construction. For ezample, for three-ply, 1/24-inch Tree 1, there were 16 nll.parallel,
16 mli-perpendjcular, and so on.

gsl)eclric gravity based upon ovendry welight of vocd (welght of specimen minua weight of glue} and volume at test. Not ad-
Jueted to 1O percent moleture content basia.
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Table

2.--Comparison of observed and calculated values of E1 and E2 for Douglas-fir. (All

values except specific gravity adjusted to 10 percent moisture content basis.)

Fly : Treo

thick-: Ho
neegs

Mmber:

1/2h ¢
/2%
1/2% 1

1/16
1/16
1/16 11

112 +
1/12
/12

1/8
178 1

3/16
316 :
/16 11

Mean :
Mean :
Mean :1

1/24
1/2h :
ey o1

116 :
/16
1/16 :1
1/12 ;
1/12
1/12 11
1/8
/8 1
3416
3716 :
316 ;
Mean ;

Mean
Mean

FPL-059
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@mE T @i D

All-parallel

. of

rteatel: Specify

: gravit
(3} {4}
16 O byt
16 hop
52 R
16 479
16 A0
32 s
16 9o
16 NS
32 sl
16 ABs
16 366
32 -3
16 490
16 388
32 A9

1,531« 0.511
1 1,558 39T
1, Thh o Lhnk
2,016 : h99
01,511 @ L3712
2 1,663 1 b36
12,050 ¢ b85S
: 1,634 1 4Lz
;1,832 ¢ 4B
1,987 ¢ b8k
: 1,162 = .358
H ].,")?h F.-3
$ 2,190 ¢ 49l
+ L,hyr o« 376
;1,810 1 b3k

ALl nhndiculur

ll

[

—

208

TEF FUs

(= Sl Y e e R A

W5

9
i
s
2
.2
l
3
i
A

PRI
;1,881 ;
s 1,70
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FIVE-PLY
byt o2 LB1,0 ¢ Lbah
1,0%3 @ 32Ll.10: LATQ
: 1,248 « hol.2 + W18
1,511 450,5 ALY
1,07 ¢ o3sbLh o 372
21,293 « B12uh ¢ b3
P 1,700 1 SN2 ¢ .502
1,249 & 392.0 408
I < IR T A5G0
1539 : W75.0 1 4T3
1,115 : 50,0 J376
1,327 : b1s.2 b

t Quber«parallel

=
—

e =
D e So

N
S0E
e

Sha1 Ry
LI RN

ki (h.m.rq.erwmlcu.lnr Flfoba} 2(ol:ua}
fa}inmrmmmemn e ————— ————— ""(_—'}' *‘T“""T
‘m eH Specifle: lfobs) Bpecifle: Eg(oba) 1leale) bpleale
rra\ritﬂ. igravity: H
ao) ) G L an T T ey
t 1,000 1 1,000
t p.8.i. E P P
: 1683 1 049 r 1,892 :ool99 1518 ;1,006 : 0.902
r118.2 ¢ L39h ¢ WA o+ 38y . 1161 991 s 98
1433 ¢ Bhb ;1,691 A2 13b,00 - 1008 1 L9395
£ 1815 ;e - 1,859 506+ 157.8 ¢ .95 . 870
s 200k 1 316 ;1,371 381 5 107.9 - 1,085 ;1 1,078
t M08 kg . 1,615 Ah3o- 152,88 ;5 l.007 2,943
£ 155.9 ¢ 498 1 1,863 479 11515 ;.91 LBA3
s lza.2  Lhap s 1508 Ao s 105.6 957+ 864
:139.1 ¢ LbRO ¢ 1,680 Al ;11806 95k ¢ 853
r151.2 ¢ .78 ¢ 1,827 A5 1 12T 95k ;843
s lo2.2 o L3082 ¢ 1,362 L3680 108,2 s Ll218 : 1.099
12607+ U430 1,595 Az 1178 L0081 @ 930
4.2 ¢ 478 : 2,00k : 488 1 Ibu.y : L9Sh- . 1.0%7
122.0 : .30 ;1,536 386 1 12k.9 96T o 1.02h
T 133.1 A3z 1,67 37+ 137.2 ¢ L959 @ 1,031
: L899
1 1.001
938

G970 1 L.206
1,184 : 1,135

: L.059 @ 1.178

:L.o%h : .98k
;T 1 1,00k

969 ¢ L858

1071 : L1k
E o - S i

G680 @ 96k

1.00 @ 517

N I

: .
862
987

: 1.009
997
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Table 2.--Comparison of observed and calculated values of E; and E, for Douglas-fir. (All values

except specific gravity adjusted to 10 percent moisture content basis.) (continued)

Ply : Tree :Number: Allspurallel :Al-perpoendiculur: ) ¢ Ky 3 Ouber-purallel fuu.r—;;.r].endicular‘lll(ohnl .F {cha}

thicke: MNo, : OF fe—eccememmmmaces P —a—————— e

ness ttentak: Spacifi : ¥y Bpecific: Ep (culc) {enlc), tSpeciflic: l[oha} ‘ipeclf'lc E {obs) Fltculc) &2(“1“
: : sgravityS : gravitxa : ; {:ravltyg gravit 3

In 1,000 ¢+ 1,000 : 1,000 : 1,000 1,000 1,000 :
H s p.g.d, p.o.i.: p.o fp.s.i, iopeB.d pao.d
SEVEN-FLY

feh ;1 41 0499 @ 2,00 @ 0,509 @ 167.9 : 1,558 : 723.8 : 0.8 1 L4272 : 0490 1 6725 : 0.92% : 0.929
ek :oo2 o b 3BT : 1,664 ¢ k02 @ 96,0 : 1,211 ; SWBL6 ¢ 389 ;1,262 : 397 : 600.1 . 1.042 : 1.06k
1/24 :1 and 2: B k12 2,878 0 b6 13201 0 1,57h @ 636.0 ¢ Lb36 1 1,381 @ BMB 4 6369 @ 976 : 1.001L
116 1 1 ot b o: 92 < 1,90 : 76 220.0 5 LASS £ 665.9 ¢ L0011 1,53 : k79 : 6hL.9 1 1,096 : .96k
/16 : 2 @k ot 388 : 1,k57 : L3719 ¢ 91.1 1 1,06% : LAn.3 S6T 0 @k L36B 1 W68 LBIT : .962
1716 1 amd 2: B : Bho o+ 1,725 : k28 : 109.1 : 1,250 : 575.5 L3k ro1,ek6 0 bphopomsbh . 990 ¢ 963
YViz: 1 : B0 ¢ L,O9 t L5101 105.6 : LAIT ¢ 637.7 ¢ .02 + LU3k . 510 : 667.8 : 1.012 : 1,047
Ym:og o b Jizhoop 2,015 ¢ 396 @ 92.8 : 1,60 : 6U7.6 s on,aks o kol o:osé2y o 921 L868
1/12 :1mnd 2: 8 H5T r 1,681 ¢ 453 99,2 ¢ 1,438 : G2y Lok 1 1,389 (bsE @ 64,5 : L0966 57
/B ¢ 1 ik o+ ST s 1,04 : k72 : 99.9 : 1,810 : 651.6 ¢ .M70 i 1,49k : k65 : 67h.5 : 1,060 : 1.068
8 ¢ o' ¢ ko 392 :£1,315: 384 : Beo: 999 : 4379 : .380 @ 910 : 377 1 396.% : (949 : 505
/8 :2ema2:r B8 ¢ b2b ¢ 1,629 : Lh28 ¢ 91.0 @ 1,185 1 5349 dasoorle0e ;0 21 o1 535.6 @ 1030 1 l.001
5/16: 1 ot & & 475 : 2,008 i JMTT : 64.0 : L 623.9 ; : P99 ;1,002
516 : 2 : 4 . : 1,487 @ OO 8.2 : 1 9T 1 .990
3/16 :1 amd 20 B ¢ kw1 ,7&6 A3 Thel o T FIT + 996

H 1 H H
Mean : 1 :......:........:.......:........:..... + 1.009 @ l.002
Menn ¢t 2 r...a. wluononreaaleacnansn! Vianaa P 55 1 .96k
Metn 5} 8nd 2t.vensstenens. B T S S 985 1+ .983

NINE-FLY

fah ;1 b LB 1 2,068 ¢ LAy : 143,81 1,b21 @ 7BEL2 + 0L @ 1,489 1 508 ¢ 769 : 1.0k8 1,988
reb v o2 ¢ & r u395 11,790 ¢ L1 ¢ 1168.9 : 1,230 : 676.9 @ 32 : 1,065 @ 394 : 616.0 : 066 1 910
1/2h 1 and 2: B ¢ 39 @ 1,306 ; LhSK o+ 130.3 : 1,325 @ 733 ¢ JMhE r L21T o kse 1 6969 96k 1 993
1/16 1 1 i b o .b86 1 1,857+ JSIL 5 132.1 £ 1,266 : 702.7 ¢ 511 1 1,393 i .489 ¢ THOLS ; 1,100 : 1.05%
/36 + 2 b o 3t% : 481 : 318 @ B87.8B : 1,001 : sMT.M 379001 1,001 ¢ ATh 5132 r L.o00 L9338
/16 :land 2 B o k30 @ 1,689 ¢ Lk 3 109.9 & 1,13k @ 625.0 by 1,196 ¢ b2 6E5L8 1 11099 1.001

H H H H H H 1 : H H H I H H
/12 1 ¢ % : 807 @ 1,957 ¢ .503 53,3 ¢ 1,335 : TL7.1 ¢ L5100 : 1,808 ;515 ¢ 7I3LA o+ 1,08 0 L995
/12 2 ¢ b o:r hes 11,519 ¢ Lb02 B6.% & 1,306 : 700.1 beroco1,es1 ¢ b :653.1 ¢ L9580 L933
1/12 :sland 2: B ¢ UEE i 1,9%7 : (k52 ool @ 1,319 < 7083 ¢ 466+ 1,329 : Lok : 682,08 1 1,008 1,964

H H H H H t H H H H H H H
1/8 ¢+ 1+ b i W66 11,022 @ W79 57T.8 ¢ 1,312 ¢ 708,k + BT+ LL,k08 4TI & 739.0 @ 1.07h & 1,043
e o2 b agh 3 3,k r T v Bs.o e 96T 1 528,81 A0S 1 1,000 @ LBLL 1 s36.hk 1 L33 @ .995
1/8 :1mpd 2: B8 J3n 1 1,667 ¢ M3 @ 9L.s & 1,140 1 618.8 U438 1,251 1 Wb 2 €327 : 1,097 1,022
36 : 1 : k¢ 6B 12,062 : M8 : 64k : 1,503 :733.0: b2 : 1,38 : L85  706.2 : .98 1 .93
3/16 ¢ 2 ¢+ ko3 369 ;1,562 1 32 73.3 : 931 :50k.6 ¢ 386 ¢ 899 1 U061 S22 1 U966 1 L.03T
3/16 1 am 2: B 418 r 1,718 ¢ k60 £8.9 : 1,163 : 619.2 : b3k ¢ 1,123 @ W6 @ B1h.9 ;966 .993
OBt ¢ -1 fvaveestoaseraseiosseans S - : : : : ; : : 1.008
Mean ¢ 2 fiissestacmnerialeneinsstornrenritins IO H B 1 .98s K3
Mean 21 BAA Pruvwerelonrnunnsioersarsfrencs P S S S Wliesearentansesnselenaannaa? 1,018 587

3

-'L'fhe numbaer of teete applies to eoch conetructlon, For exmnple, for three-ply 1/2k-inch Tres 1, there were 16 all-parallel,
16 all.perpendicular, and so .

gﬁpeclfic gravity based upon ovendry welght of wood {welght of epecimen minue welght of glue) and volume at tget. Not ad-
Jueted to 10 percent moleture content bnAls.
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Table 3.-Comparison of observed and calculated values of Eq and E, for yellow-poplar.

(Al

values except specific gravity adjusted to 10 percent moisture content basis.)

T H H H H H H H H
Ply: : Tree :Number: All-parallel ;Alleperpendiculer: Ky ks i Quter-paralled :Menperpurmculmll(obsj iEp{oba}
thicke: Ko, : Of teu--e temenas § (enle)? {eale) 0TI T ITT TSRS e i s
nese tteetal Specific: k) sSpecific: rp @ e C}: cule Bpeeifie: P:l(uha):fip(.-clric: KE(Oba]:El cale :EE cale
: rgravitys; 1gravityd: B UTavityR : s H
: BT L Gy Ty e : H

() = {5) : (&) (7 s {13) :
: 1,000 ¢ : 1,000 ; : L 1,000 :
P p.B,l,t P-8.1. : p.a,.i. H
THREE-PLY
Wkt 1 : 36 :o06 : 1,396 : 0,396 & W2 or 1,346 1 94,3 r 0331 & 1,351 : 0382 + 107.% ¢ 1.00k : 1.1k0
Meh i 2 16 : AM0 i LBAT : 2 : SL.9: 1,588 : 11,0 i k38 : 1,637 : k37 : 119.3 + 1.051 : 1.075
/24 11 mmd 2: 32 : Lh2% : 1,522 ¢ W18+ 48,0 : 1,467 : 1026 @ Wk1h o 145N 409 : 1134y 1,018 1 1.10%
H H H H H H H H H H H H H H
L6+ 1 5 16 3 M2 r 3,5 1 L1 @ 53,9 r 1,365 : 20%.3 + B19 @ LUEB ;b33 : 13,9 1 L.O7S ¢ 1,009
Y18 1 2 o 16 ;31 oz 958 330 & 32 ek ;667 ¢ 320 s 1,08 323 ¢ BB 1,107 ¢ L.328
116 1 mnd 2: 32 ;383 : 1,186 ¢ 391 & 43,2 : 1,1kk : B5.5 : 369 : 1,246 378 :101.2 : 1.088 : 1,18L
125 1 : 16 L3575 1,280 i 35T ¢ W69 1 1,25 : 92.6 @ .355 ¢ 1,255 : .32 :102.1 : 1.015 : 1.103
121 2 oz 16 : 382 :1,37h ¢ 377 @ 51,0 : 1,325 : 100,0 @ 36k 1 1,246 T3 0 1038 ;W50 v 1.8
1/12 ;1 and 23 32 @ 378 : 1,328 ¢ L3267 : B89 : 1,281 @ 96.3 : 359 : 1,290 368 11030 @ L9T6 @ L.OTO
H 3 H H 4 T H H H I H H H
1/8 1 ¢ 16 : JboE 11,65 : D5t 511 : 1,596 ¢ 11005 1 k19 1 1,8k Ak o1 122.% 2 L0560 @ 1,107
/8 2+ 16 : .359 & 1,265 : 565 : LB.S ;1,220 : 93.6 : .362 : 1,359 366 96.5 &+ 1.114 & 1,034
1/8 rlaed 2 32 : %80 :1,%0 : 385 : 45,3 :1,k08 : 1021 : 390 : 1,602 G390 ¢ 1096 : 1.138 & 1.073
3/16 i1 16 Yl 1,286 6T 45,4 1,240 91.3 : 357 1,173 363 : 9.7 . 1.870
316 2 1 16+ MIL : 1,57 : 396 @ 55.3 : 1,492 : 108.6 @ 00 3 1,526 I8 - 1127 - 1,02% ¢ 1,038
3/16 :1end 2: 32 : .392 : L,A16 : .3B2 : B33 51,365 1 99.9 : .37 ;1,350 AB 1082 L : 1,053
H H ? H H H H H H H H
Memn + 1 T A S U P I 0+ %, TP I T -
Vesn @ 2 fairrtresTuavatratasasnnadatsnanetannracartoagnrsantansrssretanisssnet LOSF 1 1,085
Mean 1l and S e DT P I T 5 B I -
FIVE-PLY
1/2h s 1 r 2 o 595 11,285 @ LhD9 62.8 + 999 : 308.7 1 .LoOC 1,205 : W03 1 34T7.9 1 1,206 1 1.127
H I H H H H i H H H H H H
16 : 1+ 2 1 k0 1,556 @ b2 6.9 : 1,24k : 368.7 @ WO7 ;1,158 : 38 ; 3k3.7 2 L926 ¢ 932
i H H ) H H H H H B H H i
112 1 o2 ¢ 3% : 1,895 .393 : 5L.0; 1,036 13098 : .38 1,171 : .38 : 320.3 & L3O : L.O%h
H H 4 H : H i H H H 1 H H
/8 1 o o2 ¢ Y 1,806 @ 411 @ 53,3 ¢ 1,bh3 ¢ b6 ; k22 o 1,3h0 ¢ W10 5 38809 1 929 @ L920
H 3 I H H H H 1 H H H 3
56 T 1 2 r .38 : 1,528 ¢ Lh00 ; B7.T : 1,220 ; 35%.6 @ 37T £ 1,290 3 L3NS r o293k 1o Ln.057 @ JB2%
2 H H H H H H i H H H H H
Hemd Tueaeuss Feaeas I SR ST SUIE TSNP SRR SR DU Lienewniaterieeaee? LOIT 3 .960
_SEYEN-PLT
/26 ¢ 3 1 o2 ¢ JADT :r1,WAB MO0 r TTLO O: 1,058 : MT3LA 1 371 ¢ 1,063 L5380 @ 370,0 @ L.009 @ 782
H 4 H -4 i H H H H H H H 1
3 or 3 s 2 o Lo r o142k o LST T0.6 @ 1,033 1 46L.2 @ WD @ 1,150 B32 0 r 5257 @ LI52  1 1156
H H : H H I H H H H H H
12 1 b o2 : 357 : 1,284 @ 363 b7,2 ¢ 927 5 kob.2 (350 900 S5 1 k001 IR ¢ 990
H 3 i H I 1 H H H H H H H H
/8 ¢ 1 oz 2 o 39T : 1,725 1 399 572 0+ 1,262 1 538,60 ¢ BOS : 1,31k = LbOL 2 €R6.F ;31,058 : 1,16h
t H H I H H H H H H H H H
316 : L o 2 ¢ L321 :1,080 : .336 1 55.2 : 186 : 351.6 @ .312 1 350+ k1.6 ¢ 912 : LTL
H H H H H H H H H : )
Moan '-.....-:......:........:.. etefeasrieeatnansiasiosenrantenacearloreraancionseranatarennnastorearsas? L029 ¢ 1.04E
NIRE-FLY
/2 1 ¢ 2 3 k01 LML 380 THE ;977 1 52B.6 1 353 962 BTG 509.6 1 995 1 96k
H H H H H : H : H . : H H
1/16 ¢+ 1 ¢ 2 @ JMs2 11,763 @ k23 65.2 ;1,195 : 633.5 ; .Wk3 : 1,163 L0 : 6178 ¢ 9T 1 WFT5
H H H H H H H H P H H H H
/12 5 1 2 ¢ 36T 1,526 @ .35b 50.3 ¢+ 899 : L77.5 @ L3561 : 1,009 ¢ L3MS5 : k26,6 & L.ks ¢ LB9h
t 1 H H H = H H H H : ' H 1
18 1 1 : 2 o1 Jhor oz 184 W2 65.3 1 1,855 : 633.9 : JMEk 1 L3573 ¢ M09 : 6245 : 12 .95
36 1 1 2 4 bl : BB 309 : 38.6: 596 :318.9: k0 ¢ 760 : 322 B3 1 1275 : 1.0T7
: 3 : i . HEE H H 1 H '
Mean, .‘t. weerame b 107G b L9566
: - H H : H B : :

16 all-parallel,

!'I'be number of tests mpplice to sach constructlon, For example, for three-ply, 1/ohainch Tree 1, there were
16 a)l-perpendicular, ard eo on.

gspaciﬂc gravity based upon ovendry welght of wood (welght of spscimen minug welght of glue] and wmlume st test. Hot mde
Justed to 10 percent molsture content basia,
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Table 4,--Summary of ratios of observed to calculated values from table 1
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Table 5.--Comparison of observed and calculated values of Fl’ Sl’ F2, and 52 for Sitka spruce.

(All values except specific gravity adjusted to 10 percent moisture content basis.)

Ply : Tree :Hmber: All~parallel L SV Sl i All-perpendlexlar @ Fp 1 8y ¢ (uter-parallel  :Outer-perpemicular F(oba} ,{o‘an F*’obﬂ ;Seiobs]

thick-: No. : OF  tescencmscstcdamaesieat L am Y] P A n - ————— :
4131 I :t.ea‘tag::‘:ipeciﬂc: ?L H SI. :{m]:(cuﬂ. pecific: FT :ST (Cm) (“l:} Specific: Fl H Sl Specatic: ¥y ;52 (calci {cﬂ“’]:r {eale) ;Eetcalc]
H : fg:ruvit _ fp‘u’it == : H : gruity?..(obs) (c-ba -mv—ity-?:(nbs}:{ob”: H . :
(h: (2) ¢ (3): () :G):(6) (1) (8) 1 (9) (m)' (m' (12 (13} (k) (1) (18): sy: (20) : (21) : (22) : (23)
o, : : P rards EapoLy P el Pameds Fu L Pt P igaLs B he YRR : : :
TERFE-FLY
1/2k 1 16 @ 0.396  :6,287:10,206:5,65%: 9,226: 0.567 : Wbk ;635 : P64 1,577 : O.3bk :5,273:7,336: 0.3W3 11,067:2,177: 0935 @ 0860 : L.CBE 1 1.35C
/a4 2 : 16 o W38 :7,80:12,254:7,003:10,337: L3901 LI : LB 1,138 11,839 5 372 :5,339:9,3k9r L37E :l,260:2,389: P12 : .E2s : 1.996 1.299
124 :1 apd 2: 32 ¢ L3P0 :6,9%h:11,269 6 $3201 10,272: 578 : 2B : 582 11,082 :L,710 : .358 :5.536:3,540: 357 :1.266:2,28%; 923 1 .8ki : L.o%1 1,338
Wi+ 1 ¢ 16 i 366 6,670:10,965.6,55:10,57: L3TL + Ll £ 125 12,029 1,690 ¢ L35k 15,513.8,763; 35y  %62:2,0520 919 : 825 + 3 o Lolh
1/16 2 1 16 308 15,555:11,560:6,219:10,548: 392 : 385 : 677 11,006 11,835 : .3B7 15,567:9,132: 575 11,08601,950: 911 : .BI0 : 1,018 : l.o8b
1716 3L and 2: 32 : 382 :6,512:11,462:6,322:10,%60: .38 : 358 @ t0) l,ﬂlB A, T8 1 W3TL :5,T50:8,380: 363 993:2,021 VP16 @ LBIS 1 LIS oz 1.1kE
12+ 1 16 & .36k 16,891010,85946,359t 9,971t 363 : 32 § 6Nl 1,061 11,638 : .35k :5,638.8,203: 353 99121,870 889 ¢ 8 : L3m2 s 1142
/12 2 ¢ 6 ¢ 333 :7,230:11,624:7,156:11,505: 3681 = 283 ; 6P 11,13k :1,82b : 389 :6,43%:9,210: 3Th :1,026:2,13k: 839 : 801 505 1164
1/12 :1 and 2: 32 : I8 :7,060711,232:6,735:10, Tl 3T : 32 631 :1,087 1,729 : .3T2 :6,036:8,750: .36k :1,008:1,997: 596 : LB18 L927 ; 1.15%
1/8 Lo: 16 ¢ 398 :6,28: 9,906:5,85: 9,295 360 £ 309 1 ST : OTH iL,SUG ¢ 360 15,325:7,38L: 3% : Bi,7S1: 511 : By .+ .01+ 1.15¢
1/8 2 - 1% 388 :6,607:11,075:6,874:10,517: L3881 283 : 534 11,000 1,788 : L383 :5,7E7:G003: W33 &28:1,830: .319 : .68 JTTT @ 1.023
1/8 51 and 27 32 @ 373 :6,4k5:10,536:6,0859: 9,903: 3Tk ¢ 26k & 526 11,080 1,667 @ 372 :5,5L6:8,292: 370 853:1,790: .15 @ 857 B26 - 107
36 ¢ L+ 16 ¢ 3% 16,352: 9,073:5,737: 8,157r 352 : 219 : kB 11,018 :1Ash : L350 :5,365:7.290¢ .34 + TER:LEET: 935 : 889 : .768 : 1.6
3/16 2 1 16 BTB :5,738:11,256:6,856:10, 781 L3TT : 261 r 506 ;1,057 1,766 : 373 :5,95):8,%10: 3T @ 869:1,85l: .922 : 827 N : 1.071
3716 :1 and 2: 32 366 16,5k5:10,186:6,103: 3,679 L6k 7 240 1 B95 11,036 ;1,609 : 361 :5,608:8,100: 362 ; 825:1,T9: .927 : .E8S 797 1..106
L : : : : : : : : : : : : : S . 1‘202
2 W13 r 816 K=" 1.128
B U .325  : 1.163

ek : 1+ & 366 :7,383:11,134:5,652: 8,508: 572 : kS8 : 751 12,762 14,158 : .3bS :h,551:7,930: .38 :1,305:3,380: .805 : .P1 : .79 ¢ 95T
e s o2 oz b U392 :BAYS:12,082:6,385: 9,7e8: 389 ;453 ¢ THO 13,057 4,660 ¢ L3688 :5,303:8,41k: L37h :2,3kkck,2s8: 831 ¢ 863 ¢ (767 @ L2
1/2k_ lamd 2: 8 : 30 _:?,179:11,798:6,013: 3,120: 380 1 A5E : TG :2,510 :4 M2k ¢ U359 b 5E7:8,167: (361 :2,26b:k,119: 819 ¢ LB6 1 N @ 535
16+ 1+ b i 3T2 16,310:13,275:,79: B,569: 364 3 A0S : €88 :2,353 14,206 1 .36C ch,S07:T,767: (36T :12,223:3,838: .0 : .930 . .9kt . .913
6 : &2 @ & A0k T, AT5:10,86359,507: §,10%: 396 @ WS5T ¢ 819 12,707 A ATE ¢ 392 :k,B09.8,039: (386 oz 7Ra:h be6: LB90 ¢ L8B3 ; 1.006 ; .398
1716 :1l and 2: 8 388 6,TH2:11,568:9,1h9: 8,83k: 380 ; A31 ; Toh 12,529 14,335 : LBT6 :4,T05:8,00%: LI6T G2 hTR:M,1S52: L9A3 : 306 @ 97T i .357
H H H H H H H H H H H H H : H H H H 1 +
/s 1 o ko J36B 16,25T.10,721:5,28k: 9,054 3L ¢ BRT : 492 22,307 5,045 1 365 :h4,351: :1 JGEE p LBs3 LS
iz 2 ¢ b 3BT o9,55M:00,084:h 60920 8,500 L350 @ 331 ; TI0 2,245 4,087 @ 384 ok 126 2 L7610 a8y Lu8s
1/12 11 and 2: 8 378 :6,124:10,788:5,987: 8,786: .3T2 ¢ @84 1 601 12,27k 4,007 ¢ 3Th :b,240: :2 99 1 505 @ L96A
/8 Lo obo: o L360 ;6,871;10,%9;5,599; B,202: 366 : 239 : WTT 12,537 13,866 : 358 1k,176: 2 B i s 799
1/8 2 r 4 385 o7,261:11,468:5,755: $,090: L3387 : 209 : 561 2,703 :h,268 ¢ 380 :h,700: 2 302 B33 g2
1/8 :lang 2: 8 2372 ‘r 066: :Lo 968: 5,51’0 B,6hE: .3T6 : 22k : 513 12,619 :k,066 1 371 :h,kn8: 12, B8 918 .
A6 ¢ 1 ¢ b i 358 h,550i 9,15013,6001 7,259 .35 i 196 1 567 11,683 13,386 1 356 13,TTL: : 88 ¢ s ;.92
3/16 ¢ 2 * 372 5,730:10,738:3,579: 8,823: 378 : 2h@ : 70 12,h0h 13,96k : 365 ch,BkO: 914 iz .65
3/15 :1 ana 2: 8 36k :5,6?0: 9,9“:!4,581; 8,0%%: 366 1 219 : 418 :2,088 5,862 1 L3635 :k,306: BE6 r BT
: : : : : : : : : o o e

B85 A LG
B8 ;L8382 ; Lasb
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Table 5.--Comparison of observed and calculated values of Fi S F2, and 82 for Sitka spruce. (Al

waluss except specific gravity adjusted to 1¢ percent moisture content basis.) (continued)

Ply : Tres Mmber: All-parallel  :F, : S, : All-perpendleular : F, : S, : Outer-parallel Ou:ter-perpendiculnr i, (oba) .Sl(obs) 1-2{ob-) Se(oba)
thick=: Fo., : of  lwwwwssceww=s ————————{ b H "l'r——)' T
neds @ -tutti.Spech !'L H SL (mjz(mc)'smiric Fp = ST (M) {cm}'Speci ,é t 8y .Speciﬁ tFa t35p Fl cale “l(cm] FQF“I_[ ‘2(“‘1‘
: : graru; : : : :mv:lr.ﬁ : : s ETATILIE S g (oba) sgravit “{obe)‘(cbe) :
1y : (2 = {3): (&) : (5) 1 {6y (D) (B : (9 {10) (IL'LJ' {12) : ( } & {1h) (15) (16) (17} (13) (19l* (20} & (21) {a2) {22}
In. 1 : : -P.s.i. iPagal. .r.n.:..r.s i. ..P.s.l...P.s.t. Pad.di s i.: PimLPoder P LeiPoatet : :
' SEVEN-PLY
fek ;1 bo: 0362 :6,096:1L,877:4,405: 8,639: G341 : 468 : 768 :2,590 :4,996 1 o349 :3,727:7,313: 4328 :2,513:0,8h1; 0,846 : 0.BLT : 0.971 : 0.95L
2k : 2 b i3T5 i6,251:12,512:h62k: 9,259: 3T i A36 : TS 12,658 15,302 1 .BTC h,zu T,99Tr W358 :2,919:4,981: .18 : 86 : l.oak 53z
/2% :lwd 2: B : 368 6 15# 12 19h b 51.1. 8, 938- 356 1 kS2 i TEO 2, ‘628 5,13 ¢ 360 ,935 1,655. L3k 12,716:4,921; 883 : (85€ i 1.03: k3
H H H H i H b H H H H H i H
A1 : 1 ¢ b o 358 5 563 10,636 h,}'ﬂs 3,550 J357 1 301 : 635 12,363 h, 937 : 351 3 543'7 075 L35 =2,2'T)=h,209= 766 ¢ LT .562 932
Y6t 2z ko1 U575 i5,307:11,396:h,865: 9,259: 339 : 59k : 195 2,376 5,748 : 387 :b,391:8,096: 57k :2,622:5,001: 983 : 876 : L.ick + 1,016
/16 :Lend 2: 8 : 367 :5,538: 1.1,016 :h, h:.B | 789. JBT8 : 3L8 : Tob :2,36 5,5111 PR - ,370.?,}86. 364 ,urr h,uos BTE ¢ Be3 : 1.0% T
) ¥ 3 H H H H t4 H t
r/1e 1 : & & 358 =T:033 10,959 5,515- 8,209: .3TL : 240 : 615 3,004 'i SEA3 ; L55h =4;’*5T=6,962= 358 ,5’*2 ’*,550. B39 1 LG8 TS IR - T
1/12: 2 @ b 1 380 :8,07h:11,5850:5,00h: ,5&7 o : 13,461 .k,ghj r W3T0 i ,5h9:7,8B2: (386 :2,87T:5,1%: 781 @ 922 B3 Loz
112 1 end 2: B : U369 :7,573;u,59h:5,575 8,384 : H 13,237 4,795 ¢ 362 A,S503:T,h2R: L3372 :2,710:1»,172: 8ok 885 =Ly A
H H ¥ H H H H H i H H H H H H H H H
1/8 : 1 ¢ & i 348 :6,613:10,007:h,238: 6,439 h,295 1 346 h,190:6,301: 356 :2,573:5,801:  .989 9T Bl 901
/8 5 2 : Lk i 376 :6,791:10.TT2:5.k08: 8,578; 8% 15,001 : 376 k,765:7.915: .3T5 :2.005:.781: .B81 : .92 : L.031 . 1.0h1
1/8 :lawd2: 8 : .32 :s,me 10,410 h,m 1r h53 h, 716 ¢ 361k WT78:7,107: (366 :2,640:k,301: (336 56 932 275
316 : 1 : & : 3k :6,552: 9,510:k,863: 6, 626+ 12,905 : : P35 12,00313,659: 1078 1 .90 3 : .9k
262 2 o 3Th 17,555:10,764:5,305: 7,589: th,015 : 373 12,729:4,327: 517 : .91 853 @ .5hg
3/16 :1 ana 2: 8 362 :7,052:10,057:4,994: 7,108: 3,441 D64 12,386:3,993: .99 @ 92 797 537
: H i t i H : 3 H :
Mean : 1 TesveeTasivastrerieiorernnion oWk 2 BT L%y
Menn : 2 sisesmqntay e N 4] oyl W
Mean :1 mnd iieveventinee . ; rhreesd . : P T D P W98 = "SR
2k : 1 : b 2563 16,329:11,109:k,220: T,M06: L3TL : W91 : T38 :2,899 4,00k ¢ 3B :3,788:7,036: 368 :2,886:5,10%: .B6B : .90 : .96 : 1.003%
/2h : 2 ¢ ki .383 :7,722:13,155:4,993: 5,506: 390 : M6 : TI0 13,51k :5,280 @ U370 :h,L25:7,99%: 3BT :3,1h6:5,595: .BB6 : ko  Byr : Lgvs
rfeh tland 2r B ST 7,006:12,132:4,610: 7,961: L3580 : M50 & TRb 3,207 5,072 : .35% 'i,106-7,515: L3786 5 016'5 5&9 B9l r Lok r LoD ;L3686
1167 1 : b i 356 :6,071:10,225:5,2991 T,2WL: 369 : 298 : 609 12,757 h,T39 1 6% 13,00007,000: 357 12,6860k,558. .96 : 919 . .969 . 303
6 : 2 1 A o 395 6.299:11,765:k,613: 8,617: .398 : 313 : 702 12,876 521 : 39L ih,05k:T.0T6: 396 3,300:5,528: B0 : B2l : 1,343 1 1057
1/16 ;) apd 2: 8 ST6 16,188:10,995:4,051: T7,913: 386 ¢ 306 : 656 12,814 ;5,085 : 378 :h,018:7,082: 378 2 198 5,056 W03 ;0 LE9% : 1,061 : 1.007
Mzt 1 ik i 359 i6,377010,369:h,181: 6,798: .399 : 292 ¢ 616 12,895 6,939 1 .3%6 13,816,1567 .34 2,560 8060 LT3+ .06 1 823 i LO36
/12 o2 ¢ & o 372 :6,659:11,006:4 ,6k9: 7,683: 395 : 312 : 698 :3,031 :5,560 : .3Th  :3,703:6,848: 381 2,80k:s, 560 L9 ¢ W81 @ 928 ;1,070
1/12 :laad 2: 8 ;366 :6,518:10,688:%,411: T,233: 3TT ¢ 302 : 657 12,961 19,357 : 365 5,1&63.6,502' 365 ,592 5, :.22 T86 1 899 ¢ LBTS : 1.0%%
8 1 1 ot ki 5T :7,723:10,579:5,h56: T,U73: 369 : 229 : 528 13,098 14,360 : 367 33,931 16,5081 367 12,620,701 .70 + 8L § .10 . 981
8+ 2 @ & @ 388 17,512:10,225:4,708: 7,035: .390 : 229 : 561 :3,4%20 4,256 : ATk :3,869:6,155: L3095 2 61‘;-:. S819: .B22 : B> 765 1 LGe3
1}’6 lend 2: 8 : 72 'T 6].3'10, '5:079 Tr268 80 22 : Sl '5;“59 +h,306 : 370 3)900:6;3523 T3 2 620 '*}760 68 .BN : ST ;0 L9EL
361 1 i ki .36 :6,297: 9,1888,309 6,207 .38 : 2bT i ¥T9 12,839 h,265 1 35k 13,7605,5%20 350 12,655k,2000 .865 1 885 . .35 . 990
56: 2 : &+ 376 6'851.10,8& 4 A58: 1:103» BT ;237 5 W0 3,0% 4,563 1 (380 h,559iE.795: 3% i2.TIah,677: 1025 1 95T + e . .ges
3/16 1l emd 2+ 5 : 366 : ,56&:10.656:'1,51‘1: 6,68%: 368 : 22 I-GO 2 ST b, 336 ¢ 3BT ih,1A2:6,19h: ,3N2 :2,681:k,533: A8 3e7 : 512 9Tk
Boah t 1 fevaventeaseseseionnes :... ferssedanraratoserseionsnnsataniesionassiorerersionieeionnnnt 836 3 919 1 895 1 .09
Medfl 2 2 Jiessselessasasatl . ..............................:...... swrsaanales Lar W88 @ . 2= . 587
Mean :) WD) 2l.uavesliervssantorscalosvsnsdasnantotnnartosnavanntasnintossuntasssnslacannndoasnssraTosssriotoralonangrs P BN - - BT 906 1 .995
H H H H H = H H H 3 H H H ] i t H H

J'nm mxber of te-tu'-app.u-l to sach construction. Por exemple, for thres-ply, 1/2lh-inch Tree 1, thers wers 16 ell-parallel, 16 all-perpendicular, wnd so om.
ngeci.ric grarity bassd upon cvendry velght of vood {weight of epecimen minus weight of glue) snd volume at test, Mot wdjusted to 10 pervent molsture comtent basis.
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Table 6.--Comparison of observed and calculated values of Fq, S4, F and S, for Douglas-fir.

(All values except specifice gravity adjusted to 10 percent moisture content basis.)

.

Ply : Tree ;Nmberl All-parallsl . ?1: Sy A.‘I.I-perpendl.culu.r t Fy = 8y : Outer~parallal rOutar=perpend icular :rl(ob-} sl(uhn) :l‘z(obl} '52(oba}

Tene s iestsbispestzizs Fy 1 gy sl (o) T ey slente) [(eale)] Specific: T, 1 5 ipecifigr Fy 1 5, JICAT U] FolealeT Foleale)

peds : steatas:Specific: FI. SI.

3 : g:nﬂtji H : ;rnvitye H : : g'.l‘!fit}_ (Obl) fobl) a‘lﬂt}‘g:(obsl (obl] :. ' :
D@ e s @ 8 s @ (10) (m. (32) : (13) : (W) 2 (9): (16) 1 (A7) 5 (38): (1515 (20) : (31) + (22) ! {23)
In, : : 15:;.'1'.5.-.1.;?.:.1.2?.-. .t Earda B APt i B odes TRIRR R : : :

THREE-FLY

ek 1 1 : 16 i 0.L9T :5,271:14,14%:9,084:15,857: 0.511 : S4S : GL1 :1,126 12,633 & C.hgh  :8,027:12,181: 0.499% :1,433:2,992: 0,885 : 0.B79 1 0.8% : 1.136
126+ 2 @ 16 ¢ b0 :7,288:13,838:6,565:11,510; 35T ¢ 419 - 6k :1.2%h 2,00k @ L39W :6,337: 9,211: 385 :1,017:2,17S: 910 W81k @ BBk : 1,085
1/2% 21 apd 2: 32 : LG :3,280-12 990-8 0Q8-12,595- Jeshoo k82 T8 :J. 480 -2,32.1 r bbb -?,me 10 696- B2 il,eesi2,58h: L8095 ¢ (Bug 2 &8 ;1113
VA6 : 1 ¢ 16 : K79 :9,595:14,466:8,663:13,339: k99 505 : 915 ; 1,769 2,784 : e 7680 LT .506 11,592:3,1%1: L8687 : .BBk . .T78 : L.1M1
116 0 2 ¢ 16 : 570 :6,339:10,324:6,629:10 SBB; 1372 : 2mh : 532 11,080 (1,024 : 376 :6,360: 9.007: 381 : MB:2,083: .962 : .81 : .785 : 1.208
1/16 :1 end 2: 32 425 ?,36? ,295 7,6140 11,580z 436 380 @ TRb :),W37 @2k o L4229 :?,030 10,4025 kA3 :1,120: 2 63.2. 520 1 WBTL : LTS - 1.163
iz 1 1+ 16 k90 19,077414,200:8,306:13,006: B3 : 330 : 651 11,550 : .a,he-j P AS 7306115860 LAT9 : 99072381 LBTT . .B89 . .39 . 1.00%
12 2 9 36 Al #6,000:10,184:6,350: 9,599: JA12 s 278 1 514 :1,15h :1,708 @ ko2 :5,829: B,213: ko2 : 8ko: 1,66& LG18 : LB ;736 : 1.091
1712 :1 and 2: 32 W81 :7,578:12,052:7,342:11,220:  LAME - 304 : S8 -1,552 2 JO6T ¢ LWE0 :6,568: 9,900: WAL @ $20:2,151: L3895 @ (B¢ :; .6R0 : 1.041
1/8 L s 16 . By iB,091.12,2T5iT,Mh001N,267 AGh + 227 » ksl i1,3Th 12,086 1 7B #7,217410,9991 TS 1 913283 .70 + .9Te 4 66k 1 LT3
1/8 2 @ 18 JBEE th,E3T: 8,80%:5,669:10,520; 3% 317 : B0% @ P06 :1,650 : 3% w5.22h: B.T7l: L3688 @ Sh3: 1.339 W22 3 L850 : 1.0l 1 L.L1S
18 i1 and 2: 32 Jhag s,hslc::.o,:;w:ﬁ,ajo:w,sao: daowoere rosa7 al,lbo 1,858 @0 k3o :6,220: 9,885: ez 928 2, %2: 550 @ @6 : Bk ;115
SH6 0 L L 16 4 90 11,961012,591.7.320101,5T91 9L ;200 + 368 11,228 11,345 1 478 7,342110,561: .48  997.2,467: 1003 : 912 1 .B12 + 1.20
3/16 2 i 16 L3688 :3,%60: 8,880:%,172: 8,252: 376 o 3L : 509 :1,007 1,630 @ L85 i9,h09: §,1k2: 386 @ 8e2:1,738: 1.0M6 ;982 LBOB : 1.066
3716 :1 and 2: 32 439 6,T90:10 1'36 16, 2#6 9,9&5 L3k p 216 ¢ M3B 11,120 11,781 @ 432 16,376: 9,%2: JA3T : $10:2,108: 1021 : 961 : - .BI2 & 1.180
Maan SR : : : : : : : : : : .908 : JTHS LN
Mean 2 Ok 835+ 2,15
Mean :1 and 2: N1 L83 1 1130
1/24 1 : L T8 1B,380:12,766:6,567:10,000: A9 : 65k & 9B 15,520 15,095 @ JB66  :6,08): 8,T36: M99 :%,831:6,519: 920 : LB87F @ LISk : l.30L
1/es 2 ¢ b 368 :6,733:10,857:6,408:10,325:  .3,0 @ 369 ; Tob :2,%8 :b,al 1 370 4,829 8,118: 37h :2,969:6,264: TRy : 786 : 1.000 : 1,037
/24 :Land 2: 8 423 27,558:10,812:6,408:10,078; 32 - 512 ; BOS 2,348 ;4,507 - W18 :4,33%: 8,527: 434 :3,200:5,436: (827 : @34 1,085 ; 1,180
16 ;) s b @ 69 28,596;1!‘,&21»27,503;12,255; gz : o : 810 ;5,3&3 ;5,651 : 7S ;6,7&; 9,852; 492 ;5,5%;6,055; 929 : .02 : 1.008 : 1,068
/16 : 2 ;b JBAD 55,528:10,83:5,202: 5,865: 3BT @ 313 ;oS8 2,101 ;A,00% o 372 ;h,B8268: 8,411 567 :2,128:4,070: .928 : 853 : 1,008 1,017
1/16 :i and 2: 8 A9 T,062:12,550 16,266:11,050:  Abo  : 376 : 636 2,738 6,828 & hEy  :9,805: 9,02 43O 53, TEM:5,05: . FR. 1 L.008 1.0k
1/12 1+ .S506 27,957215,&99;6,205;10,52'?; 504 : biic) : T8 ;5,038 55,259 : 502 ;G,k)o;:.o,asj; R 2,619;5,759; 1.0% :1.o%2 : (B8 : 1,00
11z 2 i b 01 c6,426:10,6083:5,823: 9,084: 382 5 338 ; 810 :2,455 :h,082 ¢ LoB  :h,552; 8,072: 423 :2,Lgh:h, Lab oo ;2016 ol
1/12 :1 angd 2: 8 A5k 17190112091 5,855 9,&2 Ak o 358 1 697 12,712 h,661 ¢ WSS 5,890 9,468 Lsg 12,5%:%,160: 938 . 1922 @ 1107
1/8 Lo ki A0 18,90112,96746,513:20,087: T2 : 718 1 ASh 13,368 1h,0h3 i T3 16,2491 9,095: A0 i3,0k2:5,2391 90k i 9B 88 1 1,060
1/8 2 : b 3Gk 13,561: 9,891:6,818: T,90k: .37k : 232 : 613 :2,089 13,798 : 376 :h.423: 6,902: 370 :11,062:3,7el: 918 : .863 : .B5r .
1/8 :lande: 8 bez 27,4311 439 5,367 9,051 L5230 : 225 ¢+ 53 :2,879 5,370 ¢ Lh2m :54336: 7,998: (B20 :3,h52:4,490: .309 JB86 . 86k L.027
S/6 T 1 4 ki AT8 6,M4310,670:5,k22: 8,501 ABT +2k3 1 39h 12,390 13,959 + ABO SA19: B,0N7: AEB 2 A3eiM,607: 999 1 .86 1 L0181 118
316 2 : & S92 :6,1 571 9, 561 »,107: 6,31'8 L3086 : 2EB : W62 12,343 :3,638 : 3TL ab Mk 6,205 376 :1,580:3,572: L.009 : P : LG

3/16 :1 and 2: 6 MEs 6, 500:20,106:4,837: T,766: L4361 286 : 428 12,363 :3,795 ¢ k2S5 ok, 7E2: 7,125: A22 :2,007:k,130: .989 : LSIT @ LBMO ; ).088

H H 1 H H H H H i i H H H H : H - H 14

Muan L . eemmrsarlavaratenana [P T PIAE TN S velee dasnurdrSasavelocnannivannasoainanraiooans o8 1 901 ¢ .99 : L.lhg
VEADR : 2 leeessclassmssssiascaniesnrssdosnssioasnnaionases . caratas pemanatuneneTassiactonspnasstananninnena? L8808 1 BT : 911 : L.029
MeAD 1l ADG-Bienssnnivrsmssssiosvantocian wiusinntarnvanterrnsveriotnnsionnanivnnnesinsasnnbocasvrssdosonsioconealosrannsntosrroinenset 918 ¢ B85 1 QR : 2.0%0
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Table 6.--Comparison of observed and calculated values of F1, S1, F2, and S2 for Douglas-fir. (All
values except specific gravity adjusted to 10 percent moisture content basis.) (continued)

PIy :Tree :Mumber: Ali-parallel . F, . S5, . Azi : : :
1 1 parpeadicular Fy s S5 1 Outer-parallel Outar-parpend:r:uur ..Flfobs) Sl{cbs) ..‘r?{obu} Sa(obl]

thick-: Fa. : of :------..-_-----...__-.... .
: N 1 r caic } {cale) S T Tm Il "“'{T*‘—'r"—)'
aese ; :te!ts-.:;pziit;.é: FLiosg '( te }Spe:"l.tr;.g Fp i 8y «(oale) (eate} It LS Specttic: ¥, ; 5, F1°810) 3 [eate] Foleal 5; calc]
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Table 7.--Comparison of observed and calculated values of F1, S1, F2, and S2 forf yellow-poplar.

(All _value except specific gravity adjusted to 10 percent moisture content basis.
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Table

8.--Summary of ratios of observed to calculated values of F1 and Sl from tables 5, 6, and 7
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9.-- Summary of ratios of observed to calculated values of F2 and S2 from tables 5, 6, and 7
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Meam ¢ 1 ¢ 1,585 ¢ 1,521 1 2,900 : .960:1.8%0: 6,497 ¢ 5,706 : 8,M13% : 879:1.295: 10,231 ¢ 8,%4 117,185 ¢ .816:1.68%0
Msan ¢t 2 ¢ 1,687 : 1,672 1 2,950 1 .991:1.79%: 6,9%2 : 6, s 8,942 ¢ ,90k:1.288: 11,634 : 9,h02 118,301 ¢ ,808:1.575
Menn 1} mpd 21 L6361 1,596 1 R,951 t J976:1.7921 6,719 & 5,99% r 8,670 1 .BoZ:l.292: 10,938 r 0,87% 117,743 : B12:11.68%
FIVE-PLY
2% ¢+ 1 : 1,653 @ 1,578 t 1,636 @ .966:1.002: 7,385 1 5,748 1 5,7Rl ¢ JTT9: L7786 11,11k 1 10,001 111,502 1 ,90011.0%5
}f;eh t 2 t1,785 1 1,761 3 1,850 t .98611.089: g:rrs r 6,691 16,730 ¢ .gg: .B23: 120882 : 10,625 112,219 1 .B5h: .979
1/2% 11 and 21 1,709 : 1,669 @ 1,762 r .9TT:1.081: 7,779 : 6,222 : 6,236 1 ,780: .B02: N,798 1 16,333 111,860 : .B7h:1.005
1 H 1 : H H t H * H 1 H H 1 H H 1
1416 ¢+ 1 2 L7168 1 1,692 ¢ 1,801 : .960:1.0%%: 6,310 1 5,650 1 6,428 1 .902:1.01%: L1275 : 10,001 11,098 : .Ovr: .98k
1;16 12 11,768 1 1,7 1 1,07h 1 .969:1.136: 7175 1 6,186 : 7,858 : .B62:1.095: 11,863 1 10,253 112,891 1 .85611.087
/16 11 and 27 1,765 ¢ 1,705 3 1,898 : 56931, 075 6,742 1 5,938 @ 7,143 1 ,861:1,059: ¥1,568 : 10,107 :11,994% 1 .B7k:1.0%7
1 1 H H H H H 1 H H H H H H
/12 1 11,7 1,017 ;1,792 10661051:6257 r 5,40k 15,192 ¢ 878 ,916: 10,721 ¢ 10,538 110,803 1 ,985:1,010
1512 T 2 1:660 ' 1:&1 H 1:855 ;90911116 5:991 : 5:211 : 6:1hh + LO70:1.006: :Lo:ﬁsk 1 91&07 su:hgs t LB6TI1.0%9
1712 1 andl 2: 1,681 @ 1,728 1 1,82 1 oeau oeh 6,12% 15,552 : 5,930 : .a'.rh: .910- 10,788 1 9,972 :11,160 ' .92h:1.051-
] H 1 ] H H H 1 1
1/8 1 1L,6T0 1t 1,6 r1861= 9-90-11.1& 6,871 1 5,278 1 6,86k 1 76T 99910h69: 9,08 111,132 1 .86h11.063
155 T2 116 1:655; : 1,866 :1.002:1.128: 7,261 1 3,985 : 6,957 : < 11,468 1 10,351 111,553 1 .903:1.007
1/8 11 mod 2: 1,665 : 1,556 : 1,863 : .996:1.120: T,066 1 8,629 1 6,910 1 .791: .978 10,968 ¢+ 9,700 :11,3h2 + .8Bk:1.0%k
2 % H 1 H H H H H 1 H H H
16+ 1z 1,h6% : 1,hk6% & 1,406 @ .999:1.001: k,550 & 4,761 : b,585 i1, Dk& :1. 003 9,150 : 1,559 : 8,99 ¢ .857: 5983
ifr'm t & 1 1:806 1 1:81h 1 1,918 :1.080:1,059: 6:?90 ! 6:112 : 5:&& t .900: JB61: 10:758 : 10,187 :n,oek + 94911027
3/16 11 and 231 1,635 1 1,668 : 1,705 :1.020:1.0M3: 5,670 : 5,36 & 5,21k ¢ 959 920 9,90k 1 9,013 -10,010 1 .906:1.007
H H ] H H 4 ¥ H H H H H H
M 1 1,54 1,681 & 1,7R) @ .096:1.04%5: 6£,27Th @ 5,%93 : 5,870 ¢ .860. .936- 10,54% 1 9,497 110 110 & .901:1.016
Nown 1 @ 1imy 11735 1 10h5 1 oaiiiooe TAUB : 81038 + Aoy ¢ 8530 OMB: LLAGL { 101135 111636 1 .88hi1.031
Mean £l and 2: 1,601 : 1,685 : 1,810 : .996:1,070: 6,676 : 5,715 : 6,288 : ,856: .9k2: 12,005 : 9,821 :21,273 @ .892:1.c2h
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Table 10.--Comparison  of values of modulus of elasticity, fiber stress at ID rtional limit and
modulus of rupture from tests of  all-parallel, outer-parallel, and outer-perpenmar
specimens,  neglecting  effect of transverse plies (Sitka spruce) (continued)
X H H H
t:}'k H .;..og H Hodulus of wlasticity t Filber stress et proportiomal limit 1 Hedulus of rupture
¢k~1 [- % I LT H [p——
ness t t All- i Outer- t Quter-: B : € 1 All- : Outer- 1 Quter: B 5 C 1 All- t Outer~ 3 Outer=: 3 1 ¢
s iparalie)rparalleliperpen-; A : X parallel:parslleliperpen-t A ¢ A rparellel:parslleliparpen-: Kk 1 &
t H . . dicular: t H . 1 1dicular: ] 1 1 :dicular: '
1 4 1 1 B H 1 H F [ H H t t 8 1 8 t H
1 ] L H L 1 L t H H L 1 L 1 L H 3 1 EL 1 r H L 1 H
1 v faY o+ (B} ¢ (e} i vo(a) 2 (8 1 {o) i t (&Y 2 4By 1 (e} 1 t
H -1 4 H | R fr—amnl H 1 H {wemeat H H {mraamt
(1) ¢« (@) « B} + (&) + (3 (6 (1) : (8 ¢ (9) (10} (1) 32} 1 (13} @ (1) & (1%) :(26) 1D
' H r H e it e R B e L L N Y L Ty i PPy TP,
In, ¢ $1,000 3 1,000 31,000 s P.a.i. 1 Poa.1, t Pua.l,: t HE SUTS UL YU P PRI L% TR t
H tpeeu i, b opumis 1 pa8.EL H H : H 1 H H t I H t
SEVEN -FLY .
1/2h ¢ 1 1 L,39 ¢ 1,777 @ 1,661 1l.022:0.9551 6,056 1 5,239 1 6,159 :0.86511.017: 11,877 1 10,262 111,862 10,86610.999
1f2k a2 0 1,706 : L1« 1,723 :1.0%8:1.010: 6,251 : 5, t 7,20k ; (55k:1.152: 12,512 @ 11,2%% :12,298 : 8991 903
1/2% 1} and 27 1,725 3 1,774 1 1,692 :1.030: .982: 6,158 : 5,602 : 6,682 : .510:1.086: 12,19b ¢ 10,762 118,080 : .B83¢ .91
H H 1 H H] H H 1 H 3 H H H 1 1 1
1/16 ¢ 1 1 1,647 31,818 : 1,685 :1.104:1.02k: 5,568 : k,706 1 5,622 : (BB5:1.000: 10,636 : 9,954 110,421 1 .93%: .99
116 ¢ 2 11,627 : 1,855 1 2,002 :1.140:1,250: 5,507 : 6,172 1 6,424 :1.12141.167: 11,596 1 13,360 112,2% 1 .959:11.07%
1/16 1 g 2 1,657 1 1,836 1 1,84h :1.122:1.126: 5,558 : 5,439 1 6,023 1 .982:1,088: 11,016 1 10,662 111,33k 1 .968:11.029
H t H : H : H H H H 1 H 1 ' t 1
/127 1 1,61 1 1,@ t 1,708 :1.055:1,017: 7,083 1 6,265 1 6,264 : .B85; ,BB: 10,939 ¢ 9,788 110,721 1 .895: .980
/121 2 31,801 11, t 1,915 :1.014:1,062: 8,07h & 6,396 1 T,077 & L7923 B7¥: 11,850 & 11,079 12,778 1+ 9351078
3/12 1L and 25 1,757 1 1,796 1 1,808 11.056:1.0M1z 7,578 1 6,330 1 §,670 ; 5351 .BBO: 11,39 1 20,434 211,750 ¢ .916:1,0%1
1 T I H 1 H H 1 1 i H 1 1 1 H ]
/8 ¢ 1 11,007 21,358 ¢ Lok . .90L: .83h: 6,613 : 5891 15,8352 1 .89): .882: 10,087 1 8,857 t 9,390 1 .8%er 935
/8 ¢ 2 22,517 11,699 1 1,848 :1.120:1.218: 6,791 t 6,697 & 7,230 1 .98611.065: X0,7T2 1 11,224 ;21,80% 11.03341.097
1/8 1l and 21 2,612 : 1,618 1 1,635 :1.00b:1.01%: 6,702 ; 6,294 1 6,531 1 .9%%: ,OTh: 10,810 t 9,950 110,602 : .$60:11.018
H ¥ 1 H H H H 1 H H 1 H H ] 1 H]
316 7 1 1 1,519 1,520 1 1,M88 11,001: .976r 6,552 1 6,317 1 %,081 : .96k: ,768: 9,510 : 8,055 ¢ 9,023 1 9811 960
3161 2+ 1,790 11,774 ¢ 1,816 & .991:1.015: 7,553 : 6,867 & 6,761 t .909: .Bos: 10,76k 1 9,76k 110,719 ¢ .90T: 996
3/16 ;I and 21 1,655 ¢ 1,607 1 1,649 1 ,095: .996: 7,092 1 6,592 15,806 : .935: .8%6: 20,057 + 9,508 : 9, PR PR
T 1 H H H H H ] H H 1 1 H H ] H
Mean t 1 1,23; v 1,688 ;1,591 :1.016: .960: 6,57k ¢ 5,688 : 5,782 : 852 0% 10,36@ 1 9,505 110,081 3 .90k1 973
Memn : 2 11, t 1,783 @ 1,860 :1.057:1.100: 6,855 1 6,820 : 6,939 1 .93%:1.015: 11,059 1 10,918 11,975 1 95311.0M5
Mean 1) and 21 1,673 r 1,73k ¢ 1,726 :1.036:1.032: 6,605 : 6,051 @ 6,360 : ,916: ,963; 11,010 5 10,251 :1%,127 @ ,929:1.011
NIRE-PLY
ek r 1 11,686 11,689 & 1,781 1X.00211.0%6: 6,329 1 5,693 ¢ 6,716 : .900:1.06L: 11,109 : 10,576 111,872 1 .98211.089
/25 ¢ 2 0 1,09% r 1,839 ¢ 2,009 ¢ .9T1:1.061: 7,722 : 6,652 1 7,319 : .B61: .948: 13,155 1 12,015 :13,010 ¢t .915: .9
/25 11 and 2: 1,789 : 1,76% @ 1,80h @ .906:1.04%: T,006 1 6,172 : 7,018 ; .878: 9991 12,132 r 11,296 :12,Mh1 @ ,931:1,025
3 H H H H H H H 1 H H H H 1 1 1
1/16 + 1 : 1,695 1,803 : 1,7h8 :1.065:1.052: 6,071 1 5,985 ¢ 6,188 ¢+ ,986:1.019: 10,229 ¢ 10,6% 110,571 11.08211.03%%
/3y £ 11,689 : 1,858 & 1,985 :1.100:0.177: 6,299 1+ 6,088 & 7,700 1 .967:1.2RR1 11,765 1 10.65T7 112, v .90k11,09%
1/16 11 and 2: 1,661 11,851 : 1,866 :1.083:1.105: 6,385 : 6,060 1 6, & J977:1.125: 10,995 1 10,646 111,7IM @ .968:1.06%
] H H H H 1 H H H H H 1 H 2 H 1
12+ 1 r 4,703 r 1,690 5 1,849 : 987:1.079: 6,577 : 4,060 & 9,507 @ J762: JB67: 10,369 3 9,855 111,553 & .Bo2:1.055
Az s 2 1 1,666 ¢ 1,78 @ 1,900 :1,049:1.185: 6,659 : 5,967 : 6,501 : .Baé: ; 11,006 ¢ 10,293 :12,k31 1 .995:1.029
1/12 11 and 2: 1,689 1 1,719 r 1,879 :1.018:1.112: 6,518 1 5,21k & 6,00k ¢ 8001 .923: 10,688 : 9,775 111,892 1 ,91k:l.113
1 H 1 H : H T 1 H H H H H ) H H
/8 1 1,659 11,762 @ 1,798 :1.062:1.08k: 7,723 5,908 @ 6,076 : (765: (TOTr 10,579 ¢ 9,781 110,006 ; .925:1.030
1/8 :+ 2 3 3,6%% 31,558 1 1,835 @ .oh2:1.098: 7,512 : 5,818 ¢ 6,077 1 .7Té: .809: 11,225 1 9,252 :11,189 : ek 99T
1/8 i) and 21 1,656 : 1,66) 1 1,806 :1,003:1.001: 7,608 : 5,863 1 6,076 : .r70: .758: 10,902 1 9,516 :11,042 5 .B73:1.013
2 H H 1 B T 1 H H H H H 1 H 1 1
56 3 1 1 1,95 : 3,537 & 1,584 :1.028:1.060: 6,297 : 5,601 : 6,186 : .B89: .982: 9,188 : 4§,kok : 9,55h 1 .915:1.040
316+ 2 11,868 11,832 : 1,855 : .901: .982: 6,831 16,852 : 6,321 :1.00%: .925: 10,884 1 10,20% :10,870 1 9381 999
3/16 11 and 2: 1,682 5 1,684 1 1,708 :1.002:1,015: 6,56F & 6,236 : 6,25h 1 .949: .95%: 10,036 : 9,309 110,212 : ,928:1.018
H H H H i H H H H H H T 1 1 H 1
Mean : 1 1 3,609 t 1,696 : 1,752 :1.029:1.063: 6,559 : 5,609 16,139 : .855: .936r 10,294 : 9,73k :10,843 & ,Gh6:1.0%h
Mean : 2 1,794 : 1,767 & 1,911 :1.007:1.090: 7,005 6,197 ¢ 6,78k 1 .885: ,968: 11,607 : 10,82 (12,072 1 .903:1.040
Meen :l and 2% 1,701 1t 1,752 : 1,831 :1,018:1,076: 6,782 : 5,903 : 461 : .870: .953: 10,951 : 10,108 111,060 1 .92311.046
1 [ 1 H H 1 H H H H H H H H 3
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rtional limit

Table 1l.-.Comparisen of values of modulus of elasticity, fiber stress at %EF 3
el, o

and modulus of rupture from teste of all-paral
perpendicular epecimens, neglecting effect of t

lel, cuter-paral

nd gutar-

t H H ’ H
Pl{ t Log o Hodulua of elesticity t Fiber stress at proportional limit Modulus of rupture
thick-: Neo. 1 H
nead t Alle 3 Quter- : Duters: B : € ¢ All- ; Quter- : OQuter-: B : € 1 Alle ! Cuter- ! Outer~t B 2 C
¢ pnrnmltparallel perpens: A t K iperalleliparslisl:perpen-: A : A iparmllel:parallel:perpen-: A : &
t H !:ll dicular: H H FL ] I‘L sdiculars t H 31. H BL dieulnrs H
1 H [} H !L H : H H H rL H H H H H SL ] t
1 H . 1 H H H ] H H 1 H H H H H H
] t (A} 1 (D)t (C) H : (A} 1 {B) : (o) : : + (A} : (B) : ()} H
H H H H Bttt LEs H H Jumma v ———— I : tmmanm
(v () 1 (30 1 (M 2 (% (6 (1) s (8) : (9 1 (10) {21} :(22} t (13} & {1k} & (1) +(16} (AT}
1 1 t H 1 LT ] j femtanlerwest t : femnmn i mm.—.
In, t 1,000 ¢ 1,000 : 1,000 : : t Pp.d, : P.o.i, t Pim.l,: 1 t P.a.1, ¢t Pae.l, ¢ Poa.d,: t
t t p.o.l, ¢ p.8.1, ¢t p.a L, H H H H H H t H H H
YRREE-PLY
/bt 1 11,951 : 1,965 4,098 :5.018:2.200: 9,271 ; 8,335 :12,597 :0.899:1.359: 14,15 : 12,650 126,211 10,80%:1,053
1foh « 2 11,550 1 1,547 1 3,137 ¢ .993:2.01%: g,aaa t 6,396 1 9,146 : .905:1.255: 11,838 : 9,565 119,556 1 .B800:1.652
12k 1) ang 2r 1,746 2 1,757 1 3,618 =1 noT 2. 015 ,280 ¢« 7,868 110,872 : .902:1.31%: 12,990 : 11,108 :22 804 . 355,1 762
1 H 1 H H H H H 1 ' H 1
V161 1 2,06 11,929 :h262: .957°2 1k 9,395 : 7,935 112,728 & ,845:1.555: 14,466 1 12,250 :20,688 ; ,Bk7:1.983
1/16 + 2 11,311 : 1,42k ;2,912 :1.086:2.221: 6,339 1 6,626 1 7,6%h :1.005:1.200: 10,126 : 9,35k 118,735 & .92k11.851
1/16 @1 and 25 1,663 1 1,677 : 3, :1.006:2.156: 7,867 1 7,280 :10,181 : .925:1.29k: 12,29% : 10,802 23,2 : 87911929
1 1 H H 2 H H H H H H H H H 1 %
/12 ¢+ 1 ;2,051 11,93 3,555 ¢ .952:1.789 9,007 : 7,507 ¢ 8,01k & .B36: .97TL: 4,200 ¢ 12,031 :2),7h1 ¢ .BNT:1.551
/12 ¢ 2 11,63 1,568 :2,852 1 .958:0.7%3: 6,880 ¢ 6,055 ¢ 7,657 : .8B011.110 10,18k 1 B,520 :16,766 : ,B37:1.66
1/12 1 wed 23 3,832 5 1,749 & 5,203 : .955:1.7h8: 7,978 : 6,800 : 0,206 : 855 1. 051. 12,392 1 10,280 119,254 1 .BA3.1.57%
1 1 % : H H 1 2 H H H H 3
1/8 ¢ 1 :1,987 & 1,897 1 3,81 : .955:1.732: 8,091 3 7,496 : 6,1%1 : .926 1.0071 12,275 ¢ 11,h22 21,801 ¢ .93011,779
B ¢ 2 :1,062 :1,b1k 12,921 11.217:2.51k: 4,837 5 5,025 & 8,538 :1,122:1,76%: 8,605 ¢ 9,111 116,6h3 11.039:1.800
1/8 11 amd 23 1,57h : 1,655 & 3,101 :1.051:2.021: 6,46k ; 6,460 e,;ak : .999 r.291: 10,540 t 10,266 119,242 + ,97411.826
H t H H T H 1 H H ¥ H H 1
3183 1 ;2,190 12,000 :b,0%2 : .955:2.881: 7,91 : 7,623 : 9,085 95811 15k= 12,591 © 10,968 122,358 & .B7L:1.TT6
3 ¢ 2 ¢ 1,030 ¢ 1,388 : 3,369 1 .970:2.390: 5,540 : 5,617 7,378 -1 01h:1.332: 8,882 1 8,h56 :1%5,62% 1 .952:1.T%
3/16 11 and 21 1,810 : 1,TA0 : 3,701 : 961 2. obss 6,750 : 6,620 : 8,202 : .981s1 215. 10,736 ¢ 9,712 :16,990 1 .905:1.769
H 1 1 H 1 i H H H 1 :
Mean ¢ 1 ¢ 2,031 1,93 :3, 3 .967:1 909 8,759 1 T,793 o 26) t 390 1.112. 13,535 1 31,064 12h,168 ¢ LB77:10.706
Mewn 1 2 1 1,b19 & 1L,M68 1 3,038 11.035:2.1h1: 6,177 : 6,063 8,067 .982:1,506: 9,967 + 9,003 :17,46% t .903:1.752
Mean 1 and 2 1,729 : 1,726 ¢ 5,058 : .995:2.00%: 1’,h68 t 6,929 1 9,065 @ .928:1.227: 11,751 : 10,h34 20,816 ¢ .888:1.7T1
FIVE-PLY
/2h ¢ 1 11,80k & 1,788 : 2,788 : .980:1.545: 8,38k : 7,626 :1) 150 + $9L0:1253501 12,766 1 11,050 119,130 + .06h:1.499
1/2b s 2 1 1,287 1 L,sh6 : 1,752 t1.201:1.561: 6,733 : 5,546 : 7,802 : .B6:1.099: 10,857 s 10,2k9 112,363 1 .SWk:1.139
1726 11 amd 9: 1,546 : 1,665 ¢ 2,272 :1.07T:L.k70: 7,558 : 6,736 1 9,276 : .891:1.227: 11,812 1 10,680 115,7h6 1 .901:1.33%
H H H t 13 H H H H H 1 H - ] H H H
16 1 1 11,875 12,013 : 2,380 11.07h:1.230: 8,596 : 8,962 : 9,788 ; .996:1.159: 1k, k2k 1 12,415 :17,b00 1 .B6L:1.206
1;16 2 11338 11,589 1 1615 .180:1.507: 5528 : 6.097 6: 12% 11.103:1.108: 10,485 : 10,620 :11,708 11.015:1.117
1716 11 and @1 1,606 1 1, 11, :L221:1,220: 7,062 ¢ 7,330 @ T,956 :1.038:1,127: 12,45h : 11,518 :1b,556 1 .92%:1.169
H t 1 I 4 t 1 1 H H H H H H H H
132 ¢ 1 12,0112 12080 2,2 : .985:1.061: 7,957 : 8,110 1 7,549 11.020: .$%9: 13,499 ¢ 13,715 :16,5k1 51.01611.229
112 ¢ 2 1 1,5%8 11, t 2,151 11.085:1.372: 6,424 1 5,Te8 : 7,201 : .895:1,121: 10,663 1 10,192 :13,221 ¢ .95k:1.238
1/12 :1 and 2: 1,839 1,533 t 2,196 11,028:1, 19k TA90 1 6,933 1 7,379 ¢ 96h=1 oes 12,001 1 11,95k 114,881 : .989:11.231
H H H H H H 1 14 H H 1 ] IR
18 + 1 p1,917 :1,8080 2,207 ; .981:1.151: 8,901 : 7,888 : 8,449 : .886 9h9. 12,907 : 11,485 115,087 + .B8L:1,1%0
1/8 ¢+ 2 1 1:5 : 1:u11 3 1;5h2 11.022:1,118; 5:961 : 5:586 : 516&7 3 .957. wglg 9,601 : 8,714 :10,766 ¢ .081:1.088
1/8 :1 mnd 2: 1,655 1 1,668 : 1,879 : .997:L. 15&: T3 & 6,737 & T,048 1 907 11,b39 ¢ 19,100 112,506 ¢ . :1.
i H 2 1 H H H H 2 H 2 H
316 + 1 1 2,007 2,136 12,132 :1.06&:1.052: 6,43 6,801 : 7,008 ) 062 1. 091., 30,670 : 10,160 :1%,535 ¢t .952:1.269
3516 £ 2 s LSIL t 1,275 : M,3%h : .BUg:1.00%: 6,187 : 5,832 : b.556 ¢ .850. h0r 9561 ¢ 7,832 110,305 : .B10:1.078
3/16 :1 and 2; 1,769 : L, T4 @ 1,833 : .969:1.036: 6,300 1 6,0% ; 3,792 : .956. 919 10,116 1 8,9%6 :11,520 : .389:1.178
i H H H H H H H H H H H
H PR R I . 1,98 & 2,558 11.028:1.200: 8,096 : 7,807 : 8,793 : .969:1. 0913 12,869 1 11,761 116,331 ¢ .91k:1,26%
Mean ; 2 & 1:313 X 1:305 t 1709 :1.061:1.212: 6,181 : 5,702 : 6,186 1 .925:1.00h: 10,205 1 y5p 111,673 ¢ .925:1,134
Wean :1 and 2: 1,685 : 1,743 : 2,620 :1.036:1.205: 7,108 : 6,75k : T,hB9 : ,950:1.05h: 11,582 1 20,642 :1L,001 : .919:1.209
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Table 1l.--Comparison of values of modulua of elasticity, riber stress at proportionsl limit, and
modulus Y of mgture from festa of ull-parallel, outar-mnﬁel and_outer-perpendicular
specinena, neglecting effect of traseverse plies jboglas-ﬂr! lconti.nugdi

H 1 1
t.hP:’t 1 :pg t Modulue of eloeticity t Flber etress at proportional limit : Modulue of rupture
[ T3 B, 1 H
news : t All- : Outer- : Outer-: B : € : All- : CQuter- : Quter-: B : ¢ : All- : Outer- : Outer-: B 1
s tparalls): purall.el perpen=t A : A :parallel;parallel:perpen-: K i A tparellel:parallelipsrpen-: A 3 %
] 1 EL 1 EL dicular: H H F!. H rL rdfouler: t + 8 t 8 1dicular: 1
t H H t l:L H t H H - J B t H L : L s H
H 2 H H : H H 1 ¥ L H H H EH H L EH H
! i (A} + (B} ¢ (€} : t + (A} ot (B & {c} 1 : r (&Y (B {C) '
b H H H iwmmay fmm———] H : -t e T L LT SSPNNey FYNFASNIY POv gy
(1) r {@) + (3) + (k) = (5) (6} :{(T) ¢ (B : (90 : {1 :(n1} (12) t {13) ¢ (28} : (25) «{16) +(1T)
H 1 H H L Ll I~ H [ e e L ] I Imeman]
In, ¢ t 3,000 1 1,000 1,000 H t P, 4, ¢ Puel, 2 Poe,l.s H t Poo.d. : P.aui. 1 Poeade: H
1 t pi#,i, t p.O,1, : p.B,1.¢ 1 t H H H H H 1 t 1 t
SEVEN-PLY
t/oh 1 1 : 2,09 12,006 12,330 10.957:1.113: 9,699 : 7,996 110,719 0. aeo=1 105¢ 15,219 1 12,613 116,735 :0.829:1.100
1/ah 1 2 5 1,668 1,& t 2,079 :1.066:1.249: 8,049 : €,5%0 : 8,645 1 3:1 07k 11,209 @ 11,013 :15,3; 11,094 11,377
1/2 11 amd 2: 1,878 : 1, 1 2,205 :1 ooﬁ 1,27k 8,87k 7,258 1 9,680 2 a18n 091- 13,21k 1 12,218 :16, v .92b11.217
1 1 1 H 1 H H H H H 1 H
1/16 ¢ 1 :1,99% 12,161 1 2,004 tl 0&:1 115: 9,387 1 7,72 : 9,180 ¢ 0&8: .9’{8 16,412 5 13,055 715,900 ¢t .906:1.10k
1716 1 2 311,057 ¢ 1,34 : 1,617 ¢ .920:0.110: 6,882 1 5,576 : 6,305 : .Blo: .9161 10,592 1 9,b36 112,053 + ,B91:).138
1/16 11 wnd 21 1,72% & 1,730 1 1,920 :1.016:2.115: 8,15k : 6,674 : 7,742 1 .B2L: .952: 12,502 ; 11,046 113,981 y .900:1.118
1 1 E H H H H H 3 H H H H H H H
1/12 ¢ 1 5 1,99 @ 2,006 : 2,31k 11.030:0,187: 9,008 ; 8,205 1 9,100 ; .B9T: L9951 13,835 ; 12,0Mk 316,51 : .896:1.233
11y 2 2,015 :1, t 1,940 1 (93T J96T: T,TH0 1 6,867 r T,hA9 : .B36: .962: 12,19k 1 9,550 112,550 : .783:1,029
1/12 11 apd 2: 1,981 ¢ 1,9%2 Q,129 985'.1.0151 Jhbh 3 7,356 ¢ B2k 1 JB69: L9001 12,80M : 10,797 116,556 1 $11.1%
1 3 1 2 ) H H 1 1 ] 1 ] 1
/8 : 1 11,52 2,009 :2,337 1 0811 1.205- 8,620 1 8,35% 1 8,35 1 .960: .968; 13,456 & 11,061 12h,68% : .800:1.080
1/8 ¢+ 2 :1,515 11,280 1 1,375 1 .9T5:1.0M6: 6,321 t 6,000 : b,b36 ¢+ 949 .70R: 6,908 : 9,105 110,220 :1.031:1.1kT
1/8 11 amd 21 1, : 1,650 : 1,35 :1.051=1 159 7,470 1 T,ATT ¢ 6,350 : .961: .855: 11,182 : 10,513 :12,452 ¢ 920:1.112
1 H 1 H I H 1 1 1 H T H [
36+ 1 :2,00k 2,008 22167110021.08139109 1 8,217 : 0,838 1 .902: .970: 10,064 ¢ 10,293 112,876 & .9kT:1.10%
316 + 2 1 LABT 2 LAS6 1 1,677 & .979:1.128: 6,722 16,115 1 7,223 1 .91011.075: 9,228 ¢ 8.22% 111,119 .89111.2_;)2
3/16 11 and 21 1,786 ¢ 1,732 : 1,522 1 .992:1.201; 7,906 1 7,166 : B,050 : ,905:1.004: 10,0k6 1 9,298 :11,998 ¢ .922:1.1
H H H H H 1 1 1 H H 2 1 H 1 1 H
Mean 1 1 3 l,ggg ¢ 2,058 & 2,97k 11.031:1.139: 9,193 ¢ 8,100 : 9,235 ¢ BO1:1.005: 13,077 & 11,969 115,3h% @ 88851139
Mean ¢+ 2 1, $ 1,548 ¢ 1,739 1 .979:2.09%: T,AM3 5 6,1k 1 6,812 ¢ .B60: .95k 10,826 ¢ 9,6k s12, 1 .33:1.1
Mean 11 and 21 1,792 ¢ 1,80% 1 2,006 :1.006:1.115: 8,168 4 7,122 : 8,023 ¢ .OT72: .982+ 11,9%2 ¢ 10,0805 115,011 : ,90k:1.1
NINE-PLY
Ifeh ¢ 1 12,065 52,088 32,522 :1.085:1,186: 9,007 1 9,220 1 9,200 : .9@3: L9051 b, 753 1 12,972 115,190 1 .B79:1.030
/2 1 2 11,79 1, t 1,840 : .905:11.020: 8,011 1 6,251 : 8,132 : g88=1.015: 12,551 1 10,611 :15,521 1 B5911.095
1/26 11 and 21 1,996 1 1,930 : 2,083 :1.002:1.081: 8,71k : 7,736 1 8,706 ! 999: 13,552 & 11,792 :1 + 396 1 B7011.059
1 1 1 1 1 i H 1 H H H 4 '
/16 ¢ 1+ 1,857 42,09 : 2,212 :1,I80:1.20k: 8,606 : 9,202 : 8,930 11, 069:1 059: 13,189 1 13,h90 :1&,915 1 911,086
116 ¢+ 2 ¢ 1,M61 @ 1,50h 1 1,53 :1.029:1.049: 7,102 : 6,943 1 6,81k r ,978: .959: 10,291 1 10,326 rI1,ANT 11.003:1,112
1/16 1) wnd 2r 1,6k9 : 1,798 1 1,870 1 090 1. nlu 7,00 : B,072 : 7,876 :1.0@8:1.005: 12,080 ¢ 11,912 :15,210 ¢ .900:1,097
1 2 1 1 H H H H 1 1 ¥ 1
112 3+ 1 ;1,957 : 2,017 : 2,13 -1 oae 1. 089: 707 : 9,926 : 0 12,1298 .959: 11,7hL 1 12,733 125,858 t1.08h:1.349
112+ 2 $1.9%9 : 1,880 : 1,952 : .980:L.017: 8,215 : giaos : 7:33; s BT .912: 12,299 9fg9 ’3:"3 1 .80%11.071
1/12 11 and 21 1,937 1 1,998 : 2,03¢ :1 o311 1.055: 8,b60 : 8,516 ; T,982 :1.00T: 9361 12,020 t 11,315 i1k, t J9h1il.207
H H H 4 L I H H t 1 H 1 1 H
/0 + 1 s 1,922 8,119 : 2,207 :1 102: 1 1&0‘ 2,051 : 0,267 1 8,53 : .913: .9h3: 11,596 & 10,560 11h,001 : .9L1:1.214
/8 ¢+ 2 s1AM1 21,687 : 1,57k :1,167:1,116: 5,71k : 6,876 & 5,790 :1.203:1.013: 9,990 ¢ —%,295 110,373 1 .969:1.082
/8 11 and 2: 1,667 : 1,883 & 1,800 :1.130:1.1%h; 7,382 : 7,572 : 7,163 s1 oes G701 10,593 1 9,952 112,207 1 .950:1.1%
i ] H H H H 1 l 1 H 14 1 H H
3162 1 12,062 : 2,025 2,110 : .982:1.003; 1,027 1 7,508 1t 9,020 ‘1 068:1 2084: 9,798 : 8,733 :12,0%0 1 .B95:1.233
61 2 11362 1 1,350+ 1565 : .993:1.1h9: 6,089 : 5,969 ¢ 6,090 : .9TL:1.037: 9,367 ¢ 8:092 110,195 1 .B6h:1.083
316 11 wnd 25 1,715 : 3,689 1 1,857 : .9B6:1.072: 6,588 : 6,738 : B,005 :1.023:1.21%: 9,562 : 8,hh ;11,132 ¢ .880:1.162
H H H H H H H H H H H 1 H ] H H
Mean ¢ 1 : 1,968 : 2,119 1 2,196 :1.077:1,106;: 8,562 : 8,805 : 6,826 :1.020:1,051: 12,327 & 11,701 114 k22 @ .Gh9:0.170
Wean 1 2 1 1580 : 1,601 : 1,693 :1.008:1.065: 7,038 : 6,649 : T.0h3 : .945:1.001c 10,700 : 5,645 111,761 1 .695:1.089
Wean :1 and 2: 1,778 1 1,060 @ 1,9%h :1.046:1.093: T, Y T,T27 4 7,95% 1 .99111.007: 11,553 1t 10,675 :1),002 t .92k11,132
H 1 1 H H H H H H H 2 ] I 1 1
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Teble 12.--C

3}
ulys of rupture frem testa of &

ison of valus® of modulus of elast

fiber stress at
outer-

L 1~

by

131

1imit

rallel, and

'y cular spacimene, neglecting effoct of tranavarse pliss

1 14 H 1
Ply 1 Iog Kodulue of elasticit t Fiber st t rticonal A
thick-1 Ko, 1 i : or #tress at proportional Limit :-“ Motulus of rupture
[ LI t All- 1 Quter- t Outer-: B : C 1 All~ i Outer- ! Gutar-t B c All- & Quter- -

] tparalleliparallel:parpen-t K 1t A tparalleliparalleliperpon=¢ X : i :puralhl:punlio.l:peo:;::-: % : %

1 H '1. 1 Micular: H t 'L 1 ¥ wWicwler: H 1 8 t B sdiculart ]

t H H ) 'L t 1 H 1 L oy H H H L 1 L s B3 H

1 1 1 1 1 ] i ] L H H H 1 H L I3 ]

t t (&) 3 (B) & (e} » t : (A} ¢ (B ¢ (£) H t A 1 (M)t (&) '

1 H H H javem=jrsuaa 1 ) H jemrenfwnann} 1 1 1 M

(1} : (2) : {3 : (s) : (5} t (6} + {T) : {8 : (9) ¢ (200 +(12) :(12) ¢ (03) 1 (24) s (I5) +(16) +(2T)
) Ll | H jmmsmwf 1 H ] H 1
In. 1 t 1,000 3 1,000 1 1,000 1 ' tPm.i, 1 Ponad, 1 Pue.d, t P.e.i, : P81, NN
' t PoBala t pem.i. 1 pouat.: H % H : : H : * s Lot : R2ed : :
THREE-FLY
Ykt 1 £ 1,39 0 1,80) ¢ 2,900 11.005:2.0781 6,360 1 5,435 110,978 :0.855:1. 72k 10,600 1 8,360 118,443 10.789:1.ThO
At 2 3 LB 1 1,698 1 3,221 11.051:1.95: 6,960 t 5,769 110,585 : (829:1.521 12,109 : 9:;‘6@ ;ao:ug ' 332‘1135
1/2% 11 and 2p 1,522 1+ 1,551 1 3,062 :1,019:2.0121 6,66% 1 5,601 110,782 4 &osl.sms 11,5% @ 9,001 r19,h:.o 1 .79%:1.71L

1 H 1 L} ] 1 H 3 i H t 1 t
1/16 ¢+ 1 11,815 11,50k 3 3,07 t1.077:2.0721 6,357 1 6,240 :10,100 : 982:1 589: 10,655 1 9,305 .-18 82 : AP,
W6 2 ¢ 9B ¢ 110693 ! 2:590 11,112:2 495 3:913 1 :562 1 ;:022 T 91511.795: E:ooq s 5:91& -.15:556 v L B53:1.99%
1/16 11 and 2: 1,186 4 1, + 2,755 t1.051:2.500: 5,155 o h,911 1 0,561 : ,956: 1.667. 851 : 7,640 :16,21k : B65:L.

1 ¥ 1 H 1 1 H 1 H H 1 2 H 1
a2+ 1 r1,282 & 1,308 2,761 :1.0L7:2,15%: k0% 1 k19 s7k7l-:.9o:1:m= 8,024 1 6,710 126,426 ¢ .T60:1,6%
112+ 2 11,578 1 1,311 1 2,803 3 .951.‘2102'63 5053 1 AI600 ¢ T.T58 ¢ Olhid.shis 9,371 1 7500 115,072 1 7111 608
1/12 :) and 2: 1,320 ¢ 1,307 : 2,762 : .984:2,005: &,96% l:.510 t 7,60k ¢ 909 1 55&: 9, 1 6,966 11b,7h9 1 . T766:1.621

1 H H t H H 3 H 1 1 1 H H
/8 ¢+ 1 r 1,655 11,906 1 3,301 :1.158:1.995: 5,904 15,688 : 8,449 1 .965 1. hsls 10,639 : 8,751 :16,31% : .038:1,%3
8+ 2- 11,265 :1,kl2 12,606 :1.116:2.068; haB5 3 h,56h 7,35k :11.018:1.6k9: 8,003 : 7,271 ;15,&5 y LB86:).632
1/6 ';1 and 2: Lo 1 1, 1 2,959 11.180:2.027: 5,19% 1t 5,12k : 7,922 1 .987:1. 525. 9,321 ¢ 8,011 :1k,04% ¢ B59:1.593

H ] | i i 3 1 H H H H H H
316 1 1 11,286 11,019 12,681t 982,05 b,926 1 4,748 : 6,216 : .966:1.26&: 8,k10 : 6,789 113,501 ; .B0T:1.60%
316y 2 1:517 H l.: 1 5:0&2 11,025:1,9661 5:555 H 5:588 H T: 11.006:1.2691 9:818 : 8:101 :1&:901 : LBe511.518
3/16 11 and 2y 3,016 : 1,h03 4 2,842 1 ,901:2,0071 5.2% 15,168 16,6331 93'{1.1.2611 9,11k :  T,445 :1h,200 ¢ B17:1.5%8

H H t H H t ] H 4 t 1 [ B ' ]
Moan t 1 4 )M t LA & 2,95 11.087:2.08T: 5,688 2,305 1 B6N3 .955t1 5201 9,706 ¢ 7,9;3{ 116,311 3 .B16:1.667
Mean 5+ 2 11,558 g 1M1k : 2,81 :1.0k1:2.072:2 5,180 : b,821 3,961 T 929115341 9,502 « T,65% 115,066 1 .80311.663
Mean tl apd 21 1,3 t 1, 1 2,876 :1.085:2.0681: 5,&39 T 5,065 @ 8,302 ¢ .931:1.536: 9,8k ¢t T,019 115,889 : ,B19:1.665

FIVE-PLY
1feh 1 1 12,245 ¢ 1,322 1 1,673 11.222:1.3%h: 5,038 1 5,075 1 6,539 0 007:1 290: $,412 1 10,136 111,133 .1 o-rm 183

1 1 ] 1 ] H t 1 H H t
1736 ¢+ 1 1 1,9% 1 1,A%6 @ 1,653 t 936510021 6,7hh 1 M,TO3 1 5,529 : .597. .aeo: 11,548 1 9,075 10,488 : .760: ey

1 T H 1 4 1 3 1 H t 3
112+ T 11,295 11T 1 ,5M 11-139=1 139: 5,071 : 5,013 31 5,560 | 909=1 096: 8,952 + 9,173 1 8,951 31.025=1.000

4 L} ¥ 1 L] H 1 1 H 1
1/6 «+ 1 1,806 1 1,66k 1 1,070 | .938:1 0353 T.097 : 6,977 1 6,565 ¢ 983: 10,72& r 9,850 1 9,875 ¢ .917: .921

H 1 1 1 EH : H 1 H L
316+ 1 11,580 1,630 ; 1,kM1 s1 067: .925:........:........: 261 :.....s.....: 9,280 ¢+ 8,061 : 8,143 5 .9%%: LOTT

1 H L4 H H 1 H 1 H H i H H
Memn 1 1 ¢ 1ADE ;1,355 1 1,629 :1.&6:1.096: 5,988 4 s5.kho 1 6,048 5 .909:12.0101 10,063 ¢ 9,M15 1 9,708 : .936: .966

BEVEN-PLY
/2h ¢+ 1 1 18 1,092 4 1,202 £1.030: .805: 5,039 ¢ h,4B6 1 5,643 890:1 1203 10,111 : 9,9%h 220,950 @ .982:1,083

1 1 ] } H 1 H k) S 1 2 2 H 1
116 1 1 11,42k 1 1,675 & 1,815 :1.176:1.2751 5,878 + 8,067 1 6,951 ¢ 852 1 119% 9,917 1 10,083 113,013 r1.01T11.3)2

L} H 3 H 1 1 1 H 1 1 H 1 EH H
102 1 1 11,284 1 1,267 ¢ 1,386 ¢ 9371!. 01’9: h,o06 2 h,2%8 ¢ kB2 : 868: .961: 8,615 1 8,12 1 8,986 1 951,003

1 H 1 $ 1 t H R ] 3 3 1
1/8 & 1 1,723 31,048 12,70 :1 orra 1 259= 6,743 1 7,070 < 7,051 1i. o&au.mss 10,759 1 10,654 113,073 ¢ .980:1.215

t Il 1 H t H H 1 t H ! t H
3/ 1 1 4 1,080 ¢ 1,007 1 1,k27 s .95131 519: L,s65 ¢ 3,808 1 &, 838 1 T92:1.060: T,319 1 6,378 t B,5hh & .87L11.16T

1 13 H 1 ] t H H t H 1 H ]

: 1 11,392 1 1As8 1,616 :1.MT=I.ISIa 5,426 1 h,B899 1+ 5,935 1 .903:11.00h: 9,58k 1 9,05k 110,91 5 .967:1.168

NINE-PLT
/8 1 1+ 1,551 5 1,bkS @ 1,502 11.010:1.08%y 5,720 : h,762 ¢ &,993 1 5% .073: 10,550 1 9,903 111,238 t .93%:1.061

? H ] H 1 1 H t H H 3 H H H EH
/16 ¢ 1 x 1,765 1,77 1,8 : .991:1.0#1: 5,355 1 5,594 1 5,203 :1 ob5:t, 159: 10,803 1 10,3543 112,095 : .95011.208

1 t 1 H 1 ] ] H H ] 1 1
125 1 11,526 11,546 11,273 :1 166- 960: 5,286 1 4,392 1 A5 | KL, 868: 9781 8,742 1 8,701 1 -922% 918

1 H H H H ] 1 L] H i 1 1
1/8 ¢ 1 y18k 320682 5 1,866 ;1 xso 1. 023: 7,580 1 6,995 : 8,773 1 .930: .901: 10,711 » 11,536 111,713 '1 077'1 o5

: t F H 2 1 % b
316 Y1 876 : 1,180 1 1,085 :1.501:1.170: ¥ Ak 1 5,648 : 248 :1.270: <9551 6,632 1 8,097 1 6,625 .22 999

t N T 1 : i ] 1 ] H i 1 H H :
Mean ; 1 5 L,kkh, v 1,568 & 1,906 11.100:1.043: 5,653 1 5,478 & 5,350 : 969t .9k6r 9,659 1+ 9,724 110,066 :1.00T:1.042

] 1 1 H 2 2 1 1 H ) £ i H 3 ) 1
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Table 1k.--Comparison of expected.and actual values of the
ratios of exact to approximate modulus of elas-
ticity resulting from neglect of traneverse plies

-y e

Nunber : Outer~parallel Outer-perpendicular
Of feeoremcmcccdmccmcnccccm————. et e et csa e e —————
1lies : t : Ratio from ; g ted : Batio from
pres : E:ap.iaeed ; tables 10, , - :gi:.ee ; tables 10,

- T P T —— :-ll‘-gng-lg. :-u--un- -------- ;-Jrl&-"ng..le-

SITKA SFRUCE
3 t  1,0011 : 0.916 : 1.7930 $ 1.792
5 : 1.009% $ 997 ¢+ 1.1438 : 1.071
7 s 1.0162 : 1.037T ¢ 1,098k : 1.032
9 t  1.,0228 : 1.018 :  1.0902 : 1.076
DOUGLAS-FIR
3 s 1,0016 : 996 ¢ 2.1k : 2.009
) t  1,0147 $ 1,038 : 1,2136 t 1.212
7 ¢ l.0228 : 1.007T : 1.1390 : 1.120
9 s 1.0277 : 1.048 ¢ 1.1097 3 1.095
| YELLOW~POPLAR
3 : 1.0013 $ 1.085 ¢ 1,9022 $ 2.081
5 ¢  1.0100 ' l.os6 ' 1.1451 : 1,096
T s 1.0182 3 l.0k7 ¢ 1.1207 : 1.161
9 :  1,0208 : 1.100 : 1.0823 : 1.043
2 3 H :
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650~144

N

Teble 15.--Bemultas of static bemding tests on standard specimens cut from preler blocgg

log No. 1 H Log Jo, 2

Specimen:Specific: Test :  Modulus of r Modulus of : Fiber atresa at :Specioen:Specific: Test @ Modulua of : Modulus of : Fiber stresn at

Ho. :gravityh:motisture: elasticity ‘ rupture 'proportimnl mut. Ea. gruit:nl molsture:  elagticity : rupture ‘prc‘porticaa.l Lmit
H : content: ¢ cantent:

H At teat :Adjusted: At test AdJunted Jtt tent .mmm: : H AL test .Ad,}ue‘ted At teat Adjuated At teat A2 justed

H moistura: to 10 molsturs: to 10 moleture: to 10 H H molsture: to 10 molsture: to 10 moisture: to 10
: : content; percent: content: percent: coptent: percent: H H s ¢oNtent: percent! comtent: pwrcent: content: percept
: smoleture: moiature: molatuge: H t H molature: Rolsture; molsture
: content: i eootent: 1 content: H H H ; content: : content: { comtent

o S R S S S S N R N S R S N R S ),

[ —

: :Percent : 1,000 : 1,000 i P.s.i. : P.e.i. ; P.e.l. : P.&.1. : :Percent : 1,000 : 1,000 ; P.s.i, : P.g.i, : P,8.%, 1 P.u.d,
H H t pe8.3. ¢ p.e.i. H H H H H H : p.8.i, ; P.B.i. H T :
STTEA SPRUCE

1,7k : 1,790 ¢ 11,490 : 12,230 : 6,530
2 1,765 ;1,814 1 11,270 : 12,080 ; §,%3Q
1 L6607 ;1,639 @ 9,290 : 9,73% : 6,220
¢ 1,696 @ 1,74 : 11,010 : 11,810 : 8,520 :
1 LATS ¢ 1,722 : 10,650 : 11,380 : 6,010 : 6,512

18-1-1 : 0,333 : 13.6 1,375 1
-2 1 LELY ¢ 132 : b0 @ 1
18-20-1 1 L350 : 13.% ;1,584 1,677

7,990 ¢+ 9,188 : k120 @ 5,50k :19-l-l QU372

g . = T : 353

a2 L339 1 13.5 3 LAST : 1,580 1 T
8

]

7

: ; : : 3
Bo0 1 10,280 : 5,450 : 6,476 :19-13-1 @ L3b8
990 @ 2,081 : 4,980 : 5,796 : -2 1 365
080 @ 9,077 : 5,510 ; L,50% :19-29-1 @ 36k
970 : : : :
060

b
-
2
HIE
-1} O -t h=} oM -1 O

18-37-1 @ .319 : 13.0 : 1,k32

¥
¢
ElEEREERERER

-2 1 327 15.0 @ 1,43 1 1,515 » : : : N G601 1,592 @ 1,634 1 10,410 : 13,080 : 6,5k0 : 7,053
=51 337 3.k ¢ 1,h22 1 13503 : i 2,196 ¢ 8,360 : 5,826 :19-21-1 @ .35 711,558 1,602 : 5,660 : 10,320 : 6,000 : 6,501
18.55.1 1 335 : 1.9 : 1,303 1 1,366 : 7,810 : 8,740 : 4,980 : 45,676 -2 1 .359 8 21,665 :1,m2 : 10,790 : 1,570 : 6,000 : 6,532
-2 7 J321 @ 12.2 : 1,160 @ 1,203 : 8,170 : 6,898 : 4,570 : %,18L -3 36k .8 11,657 31,706 : 10,810 : 131,590 : 6,260 : 6,81%
-3 1 L3233 1 123 ¢ l;275 T 1,325 ?1960 4 8)705 3 16,670 O 5;206 H ] -556 . s 1,552 1,601 T 9,900 10,560 H 5,9&) T 6,5}11
A, roW332 3 13.0 ;1,390 @ LWL ¢ 8,122 ¢ 9,141 : b, TTR2 : 5,513 v, T L6 LT 11,651 1 1,697 : 10,528 : 11,241 : 6,259 + 6,7TS
DOUGLAS -F IR
21-1-1 ; JAFR i 11l s 2,120 : 2,178 : 13,080 : 13,800 ; 7,820 : 8,349 :20-1-1
-5 : JAB9 : 11,2 ¢ 2,036 @ 2,080 ¢ 13,2%0 : 13,830 @ T,830 : B,a%o0 -2
Bl-T-1. r B8 : I1.6 : 1,54% : 1,588 : 11,200 : 11,860 : 6,550 : 7,085 20-6-1 t
2 1 W8 1.7 2 1,588 @ 1,637 : 11,520 : 12,350 : 6, : 7,345 -2
-3 1 LM46 ¢ 113 ;1,595 & 1,632 & 10,180 : 10,650 : 6,550 : 6,932 120-11-1 :
21.13-1 : LA7h @ 11.B : 1,6k 1 1,695 : 12,490 : 13,330 : 6,790 : T,34bk :20-15-1 :
-2 : JMEB : 11,9 : 1,58 : 1,6%9 : 11,650 : 12,470 : 6,550 : T,M6 -2t
231-19-1 : LBB0 @ 117 : 1,985 : 2, : 32,800 ¢ 15,610 & 7,50 ; 8,120 -3 :
Yo . bgs . 116 : 2,0M8 ;2,108 : 15,380 : 14,170 : 7,540 : 8,407 :20-18-1 :
=% LB8 ¢ 1.7 o+ 1,887 i 1,54% : 12,880 : 13,690 : 8,380 : 9,025 -
1.6 12,241 @ 12,966 @ T,R6T @ 7,791 :Av, s

Av, : JhT2

: 1,802 @ 1,854

1
“Specific gravity baded on ovapdry weight and voluns at test. Kot adjuated to 10 percept moisture cantent basia.



Table 16,~-Values of the ratioc r = ETXEL a8 found from teste

of all-parallel and all-perpendiculsr specimens

Number : Ply r = E_/E

0f 1 thicke jme-smm—scccmcmm—mm——— e T
pliea neds Sitka spruce : Douglas~fir : Yollow-poplar

: Inch : i ; -

3 ; 1/2k : 0.0281 ; 0.0468 ; 0.0%15

3 s 1/16 .0296 : LOh95 s L0364

% 1/12 .0296 : ook L0368

3 : 1/8 L0326 : LObs1 g L0342

3 s 3/16 .0327 : L0379 ¢ .0348

Average ;........; L0305 ; .0k39 ; 0354

5 : 1/24 . L0511 : L0650 : 050k

5 : 1/16 @ LOh2T : L0616 L0366

5 s /12 ¢ .03 : L0582 L0394

5 : 1/8 .0%61 : 0530 3 .0%28

5 : 3/16 .0325 : 0426 .0312

Average ;........; 0379 ; L0561 ; L0381

7 ; 1/24 L0418 . L0703 ; L0538
7 s 1/16 L0428 : 0632 .0k96

7 : 1/12 L0419 : 0501 3 0368
T : 1/8 L0360 : 0559 .0332
7 : 3/16 L0369 : o T-T R .0510
AVeTBES f........t L0399 i L0564 :  .obbg
9 : 1/24 : . 0506 : 0676 L0521
9 ¢ 1/16 L0477 : 0666 1 L0370
9 : 1/12 .0k65 : 41T 0379
9 : 1/8 L0k61 : .05k9 & .0358
9 : 3/16 .0360 : O0h02 2 Lol
Average ;........; . Obslh ; L0552 ; LOh1h
Crand average ; .0350 ; .0k90 ; L0371
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Table 17.~-Results of teste of wingle veneers wutched Lo Juminated wood and , . fadl
folued excupt specific pravity odjusted Lo porcant woidture conlant Das l.l

H 1 H 1
',::‘i.,: ,‘,f," : Bitka wprucs 1 Uniglasetir : Tallov-poplar
naNg tHumber :Spact £1g Hotelum of :Fibay streas iModulua Humber (Soee 70 odulus of ;Fiber shrees Modulue Number :Brec 171g :Mody)us of tF1%r streas t¥odulue
1 1 of gTevityoielasticlty: st propor- 1 of t of :gnntyl:ul.nucltr: at propers : af +oof gravitpuialasticity: at propor- 1 of
: H t.uu: H itional limltirupture: tests) i itional limitrrupture: testet ] 1%1onal limdit irwpture
mwmwan |} 1 \ et e T L e T LT Iusdman}
D e (8 ¢ {3 v ¢ (%) ¢ [6) P AT B s (3 0 (100 + (1) 4 223 s (A3t {2K) 1 (18) : (18] : {1
e frammant 1 t-- 1 LR 1 [ s : | lan Lemen
In t ¥ o000 Puedd. ot Poei.e H 1,000 Pus, i, i Pus.d, : .1,
) I3 t l_‘_Tz.l..x t 1 T ;"‘-.Tg.s.: e I-H!‘.h: 1 :_‘_-{;.g?o.f Lt
MATCHED 0 THREE-FLY BPECIMENS
ek 1 1 5 36 20383 0 1080 4 5,10 8,000 16 1056 : 1,65 o 9,000 12,330 : B ;0. 11,230 @ 6,230
vy 2 o+ 16 1 .32 ¢ 1,0 ¢ w5, 1 9:360 t 16 393 1:0&0 1 5:870 1 8:5)0 1 B : g;ﬁ t 1:1:0 x 519%0 r g:ggg
ek tlend 2r 3 1 353 : L1100 @ %800 8,660 5 32 @ ASh ¢ L3P 1 7Lk 110,630 ) 26 9 B83 1 Q90 @ 6,110 t 9,600
T H 1 H 1 1 E] r 1 t H 1 ¥ 1 T 1
16 : 1 1 16 36k 1,560 1 3,600 19,000 16 : %09 1 1L,9% 1 9,990 k270 1 L2 A2 1 1,3k [ o
W62 2 1 16 1 3BL 4 LAso : 613 (10,0907 16 1 390 : Lake o sdee L Alame: b . e o+ 3% g
116 :1and 21 32 0 372 ¢ 1AL0 0 %,000 19,%90 5 32 1 Lm0 0 1590 ¢ 7,800 111,%0 ¢ 28 1 %9 1 1,090 1 520 + B,1k0
1 H L 1 b ] H 1 1 ] H 1 1 ] ' T
/2 s 2 ¢ 3%+ .55 1 1450 1 6,370 P eN10 0 18 1 LNl o 1,880 9,510 13,10 s 8 381 1,260
112 2 1 16 1 38 4 1k ¢ €160 110,301 16 ¢ A2 + 1A . 5.9 1 E0 . 16 a0 Ve | 2:??2 \ ;‘,;:g
12 i et 2r 52 ;L3710 1,050 | 6,260 P70 e B3 o JMEE ) 1,6%0 1 7,70 P11,2%0 ¢+ ok ¢ | » L, ot 6,80 HE- A ]
H ] t t 1 3 1 i 1 H i T t 1 1 H
8 0 1 36 ¢ 36T 0 I,%0 ot 6,550 19,0201 36 1 486 1 1,800 1 8,56 12,210 1 12 1S Lhee : G,h60 ;9,780
I8 ¢ 2 ¢ 26 5 SR x LW 1 50 190 i 26 4 389 5 Leto 1 3340 190101 16 1 360 1 1120 1 ke 1 1eee
18 land 2: 32 ¢ 370 0 Lbse 6,0k s 05k0 0 32 a1 AN 5 o 1sW 1 6,390 110,610 1 28 1 BB 4 1,090 s 6k 1 8,700
H H 1 I 1 P 1 H 1 1 1 1 1 3 1 1
2160 L 1 16 5 3% 1 1,310 & 5,700 18,700 : 36 1 A8k ; 1,910 & 8,580  sl1,7HO0 ¢ 12 ¢ .35 : 1 8
3161 2 ¢ 16 : .30 1 L8660 50 110,670 ¢ 36 3 ok 1:360 1 5:670 L A,70 ¢ 16 : .39k ¢ 1:33 : ‘;‘:m : 91%
516 11 wed 20 32 ;367 ¢ 1,810 1 6,ZhO t 9690 & 52 : bk 3 16k ¢ T,020 1,20 0 2 0 3B 1 L300 r S, k50 19,120
KATCEED 'TO FIVE-PLT SPB(IWIRE
L2y L+ kg 3T o Lok 6,100 19,360 hor A @ 1,620 3 8,100 i1, + 2 a1k 1,480 B 065 11
okt 2+ N o:r 3@ : Lkt T00 10804 ko1 378 1 1010 . sisse 1890 T S SO SNPISLS SR n Se ot
/26 (land B: B 5 L36% & LM ¢ &, 10,090 ¢ B 1 LE38 0 1,310 1 G830 318,300 tiiaiiatarcriaseTianncnensalinenssonasesdrornnns
1 I H H i ] H t ] 1 1 r L} 1 1
/16 1 ¢ & r L3SB 1 1,43 1 9,180 Fe000 b o %06 ¢ 1,70 0 7,010 13,50 1 2 k2 1,290 6,520 800
M6z 2 1 A 1 3% : 1330 1 5,950 110,760 : N ¢ BT2 £ 10120 ¢ Mis20 £ TH0 teresrrteeiriri e 3 SRR 290
1716 3 oand 2: 8 2 3 0 LB & 8,450 tg,B880: B ¢ Mo o: L,k50 @ E,160 EP LI Y P TS P SO,
1 r 1 ¥ 1 H H H 1 t 4 t H ] 1 H
Wigt 0} o M oz 380 : L7000 : SAM 1 5610 : ko1 BIB ¢ LGR0 1 9,%0 11,000 2 ¢ 3% 1 00 £70
112y 2 ¢ b g k3 ) 1:590 l 5:550 : 9:hao PR T S 5 7. J:h}a 1 6:2’?0 : 8:6‘,"0 "5:“,05?:5.':7..7
112 :1end 2 8 ¢ L3801 : LABC . 5990 9520 : 8 @ k8B LETO + 7,980 1LLaT30 Haiwaaadiasnrsnnlasnasasinatntssrcinrncedosnean
1 T 1 t 1 3 H 1 1 1 1 I H H ]
18 0 2 b o LR LT 0 6,800 T ko1 50 ¢ 1,80, B090 ML,TE0 31 2 ¢ LA 1,360
AB 1 B oz x4 Ok 4 1690 1 TOT0  ALSE0: b 38 1 13k 1 5k L BAs0 h 0B 0 1% e
18 1laed 2 8 ; 588 @ 1,700 ;7,000 10,880 1 B ¢ LM5T @ LB 6,720 LS L B
T T t L} 1 L H t 1 i 1 1 1 1 t H
316 ¢ 1 a0 b o L3 LS00 0 5,200 P 8,690 ¢ & a4 MBSO 0 im0 7,060 110,7Th 1 2 5 W36k 4 1,220 1 5,TR0 1 B,6%0
16 2 & ko L% t 1,650 & B,TO0 10,500 1 b ¢ 03 ¢ 1,380 5,70 - I T DO PO UY P SN
5316 :1and 21 8 @ 370 5 3,hB0 @ 5,500 $ 9,601 8 ¢ kb2 ¢ 1620 6,40 L T T A PR S,
WATCERD 10 BEVIEN-FLY SPECINEND
/b : L : b ¢ 58 ;1,100 @ 6k G000 0 ko3 02 1 L6000 ¢ TB30 12,3001 2 a2 36 1 LOW ¢ 5,500 o B,860
gk 2 1 W% ¢ L35B 1 1,220 ¢ 6,70 r 950 : R ¢ 395 1 LR 3 1,910 1 9,510 fuiieautiiancaritararnsrrrabornsinceaiasToanaran
/e ey ownd 2 B 4 L3y ¢ 1,200 ¢ B5h0 r 3000 B o+ MAB o 1Akle 4 8, T T N
H - 1 L H 1) 1 1 1] ) L 1 H ] i T
6t 1 1 ko0 L3 L v 5,530  1lo,0h0 s b oz k95 : 2,060 1 gMa 15Bka a2 & MRV 1 LA 1 T,760 113,20
1716 : 2 : k1 380 : 1,3 ERE K 0,570 1 & ¢ 386 ¢ LALG b B,B18 110,100 TiisaeelasirennatancsarartofararnrranereTonsraan
116 thoand 2: B ¢ MR 1 1AM 0 3,850 10,2001 8 ¢ JM0 o L7B0 r BL10 SLL9T0 d.uiseiTuesarirrtacrnancoralitannsaaisanfaisanes
H 1 ] t 1 T ] ] H H 1 T H S [} L
12 ;1 ¢ R o0 WMo 1,320 0 3,610 9y M o: 302 L0 1+ BE70 02,320 : 2 1 380 1 1,180 1 5,30 8,660
172 : 2 o+ ko M8 4,580 0 7,110 10,510 ¢ k¢ k6B ¢ o a,780 @ 7,0% I I Y PET TP TPy My,
112 st and 20 B ¢ %63 : 1M50 6, 110,190 ¢ B LB s 1,‘{'60 1 7.0 F 0 T I PR PPN
H H 1 1 H 1 i 1 H 1 H H 1 H 3
Y, A T N SRR "1 S 1,afg 1 6,150 + 9,180 ;0 R 1 sl o 00 0 3020 2oy 1 0 L0 11a,M0
/8 ¢+ 2 ok 38 ¢ 1 v G20 110,600 ; & ;LM ¢+ 1,0B0 ¢ 5,360 ¢ wraabrTaamaranntales
18 clasd 2: B ;%R : 1,510 1 6,150 15,990 8 1 akl o+ I1,%90 1 7,09 : P PR P SR
1 i 1 H r H E ] H H 1 3 1 H
3b1 1 : & W50 1,380 1 6,130 r e hor kB 1910 2 8080 H J5%9 0+ 1,00 o h,500 1 7,700
3;16 P2 s A r 386 : 130 ¢ G0 120,590 A 1 08 1 LM 1 D610 1 BAL0 feererieesenseleasiinare : Tearearn
116 cLand 20 8 - 368 @ L5 1 60 P9,B00 : B o LWkE : LEM ¢ 6,8w0 19, M0 baiiriatisinaaaataas
MATCHED 10 WINE-FLT SPECIMERS
ekt 1 1 k@ AT o 1,290 1 B,260 T 010 M o1 512 1 1,960 @ 10,3W0 15,780 ¢ 2 0 MG+ 1,280
Lizgh o 2 ¢+ b o5 JBE . 1330 1 7,200 5200 ko 370+ L0500 1 5300 1 B0 aaateiiaant
1/ee 11 and 20 8 ¢ L3TH @ 1,290 ¢ 6,30 19,901 8 r M1 ¢ 100 : Bobe
T ] H H 1 H H H ] 1
W 1 4 M o1 380 0 L0 ¢ 5,30 110,050 1 &% @ 586 1 1,70 . B.,600
}';16 : 2 o+ ko3 o1y oz 1,500 1 A0 :10,980 1 & i oL ¢ 'se0 4 sk
16 tiand 21 B 1, voAbon 1 5,730 aoBon ;B o0 LU 1,560 : 0 6,590
1 t ] ] H 1] T 1 H 1
e 1 1 & @ 372 ¢ 1610 1 5,800 $10,000 1 & @ M8 o 10160 1 6530
Wiz: 2 ¢ ko ko 1 LEWd ¢ 5,000 AL,200 ¢ b o: Lo or 1,380 @ 6,100
1/12 11 and 2; 8 ;¢ 389 1 1,610 ¢ 5,810 110,700 ¢+ 8 1 L6k ¢ 1,570 ¢ 7,320
1 i i H 1 H 1 H H
/B 4 L+ A x 365 ¢ 1,680 1 6,260 :9,90 1 k 1 M8 1 1,90 + B0
1/8 ¢+ 2 ¢k o: .81 2 2,880 1 §,T90 10,810 ¢+ & 1 Lk v L2100+ 5,550
/8 lema®y B ¢ TS ¢ LGTO + 6,550 10,370 8 1 b : 1,580 5 6,950
i H t L3 H H ¥ H ¥ 1
316 L 1 b o7 361 : 1,k @ 6,20 H3BO: b ¢ MBY 4 1,970 & 8,490
3/16 ¢ 2 ¢ b o: LATH : L7O0 & T,T30 :lO,950r B ¢ 392 1 1,330 0 5,930
316 :lena2: 8 4 36A : 1,380 ¢ 6980 0060 ¢ B ¢ LUSB @ 1450 1 7,210
H i H H 1 1 i ] 1 I
‘J"hud on ovepdry welght of vood and volume ot test.
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Table 18,

=-Values of the factor & for use in correcting beam

deflections for the effect of shear deformations

Number

plies

-

of

3
>
7
9

BE WP S8 4a B Ak R de P e kS A se e aa -n

Values of L

Sitka spruce : Douglae-fir
uter=- H Outer- t Quter- Outer-
parallel :perpendicular: parallel perpendicular

W

. 184.8
160.8
47,1

"138.8

T T e,

e L L I

8.6
b6.3
63.5
75.3

#E RS EE B AN R B 4 ea &

A T Ak sk Vv ey ey oy

1.7
118.4
108.5
102.5

T -

9.9
36.5
48.8
55.7

A L T T
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Figure 2.--Details of apparatus for bending tests of plywood, showing method of attachment of
dial gage to specimens too short to permit use of supporting yoke as shown in figure 1.



AT E R 1] .._.

"

nepee

showing the use of a platform scale

Figure 3.--Details of apparatus for bending tests of plywood

for measuring small loads.
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Details of apparatus for bending tests of single-ply veneer.

Figure 4.--



ourgs 943 30 aae gsoyd v uoym sorid esIeaswea) Sulrepisucy Lg voua?oﬁo...nnouooaou 03 serd

*SeOTY)

esroasuRL) SUROVBOU A POMOTEO (RBH) SUSWOWT PUE (YOI} SUOHIOSTIP JO SOTWH--S MBI

9L% 80T W 2
(¥38WnN)s311d
£ $ S0
\—
0
1FTIVHVS ST YN0 o----o 7
IYUNONISYId STV YN0 o— .
(SSINNIIHL INKS $317d 7TV ) \.
7931
oN393 oo
3
900= 4 yo 4
soo=Lypl 087
p00= U0l .
goo=Yyo4
200- % yo4 // » .
- 7 060
— \ 004304
r— , \»\m@.&%b
e e e gy

Olivy

ANIWOW LIVXT
ANITWOW FLVYWIXONddY

(22800} 3134

§ . 3

00}

T
gorp= ¥ yoda

\ ort
200~ % yo e
f ~£0°0 -0 0%
oz7

// / )
os?
\\ |
1FTIVENS $317d 4TIN0 -~ 097
FVINIONIAIId $31Td AFIN0 o—
(SSINAIHL TS $3110 Th}
onFaF7

/ / oLs

g6s

.’ we

oe

OrLvy

NOLIDZ 43¢ LIKX2
NOLLDITLIC JIVINIXONdIY




.50

LEGEND
(OUTER PLIES ONE-HALF AS THICK AS OTHER PLIES)
‘ O QUTER PLIES PERPENDICULAR

X 40 \ o-~-~0 QUTER PLIES PARALLEL
S
= ‘
SR
SIS 130 7 OR 1, = 0.06
E g rrOR rp=0.05
=2 rr ORrp=0.04
w9
a Ef.ao‘ r}r 01?3';? -0.03
N ORIy =0.02

N '\ ‘ /r}- ORrp =0.06

E 110 rr OR g =0.02

~ L e

| [ PPy > S

Y3 R

SIS £y OR/jp =006

S PP yORp=002 . LEGEND

NI FORMR 2003 (QUTER PLIES ONE-HALF AS THICK

IR Y OR 1 ~0.04 AS OTHER PLIES)

3 A OR 1 = 0.05 | O QUTER PLIES PERPENDICULAR
S oso ~1eOR rp =0.06 or--=0 QUTER PLIES PARALLEL
'f;:" 3 5 7 9

PLIES(NUMBER)

Figure 6.--Ratios of deflections (top) and moments (bottom) calculated by neglecting transverse
plies to deflections calculated by considering transverse plies when the outer plies are one-
half as thick as the other plies.
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