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SUMMARY

This report of the Forest Products Laboratory deals with
the design of plywood webs for wooden box beams to obtain
mazimum strength perunitweight. Amethod of arrivingat
the most efficient and economical web thickness, and hence
the most suitable unit shear stress, is presenfed and work-
ing siresses in shear for various types of webs and species
of plywood are given. The guestions of diaphragm spac-
ing and required glue area befween the webs and the flange
are also discussed.

INTRODUCTION

The study of wooden box wing beams built with
spruce flanges and plywood webs involves, first, the
design of the flanges and, second, the design of the
webs. The design of the flanges is discussed in previ-
ous sircraft reports prepared by the Forest Produects
Laboratory, United States Department of Agriculture,
for publication by the National Advisory Commitiee
for Aeronautics (Reports Nos. 181 and 188). The
present report deals with the results of tests relating
to the design of the webs. Approximately 200 repre-
sentative box and double I beams were tested at the
Forest Products Laboratory for the purpose of de-
veloping the most efficient and economical design of
plywood webs and to determine the working stresses
for various types of webs. The project was conducted
in cooperation with the Bureau of Aeronautics, Navy
Department.

FUNCTION OF THE WEBS

The function of the plywoed webs of box beams for
airplane wings is to resist a very minor portion of the
bending moment and the major portion of the shear
acting on the beam. Tests made at the Forest Prod-
ucts Laboratory indicate that, with plywood in which
the grain of successive plies is alternately parallel and
perpendicular to the longitudinal axis of the beam,
only that portion of the plywood in which the grain is
parallel to the axis should be considered in calculating
the moment of inertia J. With plywood in which the
grain of slternate plies forms angles of +45° with the
longitudinal axis of the beam one-half the thickness of
the plywood may be considered in caleulating 7. In
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calculating the form factor of a box section with either
type of web, however, the iotal thickness of the
plywood should be used.

Shear stresses are a maximum over the plywood por-
tion of the cross section of the beam. Hence the chief
function of the plywood webs is to resist these stresses
with & minimum of distortion. Keeping distortion to
& minimum is especially important when beams are
subjected to combined bending and axial compression.

FORMULAS FOR COMPUTING SHEAR

Before we can discuss allowable design stresses for
plywood webs, we must decide upon a formula with
which to compute the maximum shear stress in a box
beam. Two formulas are recommended and it will
generally be found that the results they yield agree
quite closely. The two formulas 2 are:

Ve

=TF (1}
Vv
=4 2)

In each formula ¢ represents the total thickness of
both webs, V the externsal shear, ¢ the shear stress in
pounds per square inch, @ the statical moment of the
area sbove or below the neutral axis when the maxi-
mum shesar stress is desired, I the moment of inertia
of the section, and a the distance between the centers
of gravity of the flanges exclusive of the plywood. The
same rules, expressed in s preceding paragraph, apply
to the calculation of @ that apply to I as regards thick-
ness of plywood considered, but ¢ is the total thickness
of both webs.

The external shear V is the derivative of the bend-
ing moment and this fact applies to a beam either
with or without axial load accompanying a transverse
load. For combined axial and transverse load the
shear V is also numerically equal to the sum of the
shear from side load and the component of the axial
load that is normal to the elastic curve.

For a beam subjected to an axial compression and &
concentrated load at the center

W

V=
L €)]
2 cos o7

? British units of measnre are essumed throughoot this report.
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in which W is the side load, L the length of span, and

J=\/FTT | S

In this abbreviated formula, (4), P is the axial load, E

the modulus of elasticity, and I the momens of inertia.
For a beam subjected to an axial compression and

equal concentrated side loads at the third points,

W . 2L , . L
V=g (sn gy +sin gj) 5)
From this we obtain the approximate formula
{4 PL2
v=5 (1+omr ®

by using the first two terms of the sine series and by

dropping all powers of -IJj greater than the second.

This approximate formula, (6), was used to calculate
the shear values given in Tables I and II.

For an axially loaded beam having a uniformly dis-
tributed side load,

L
V=than—27 : R (0]

in which w is the load per unit length. From this we
obtain the approximate formula

_wL (1 . PL 2 8)

by using the first two terms of the series for tan %

The exact expressions for the bending moments cor-
responding to the preceding and other loading condi-
tions may be found in Prescott’s Applied Elasticity.?
From these the corresponding exact expressions for the
shear are obtained by differentiating with respect to z.

STRENGTH OF PLYWOOD VARIES WITH DENSITY

In general, dense wood of any species has greater
strength than wood of low specific gravity. As a
matter of fact, fairly definite mathematical relations
between specific gravity and the various strength prop-
erties have been worked out. Plywood is no exception
to the general rule and it must be expected that for
any series of tests on plywood of a given species to be
of value either the density of the wood must be known
or the number of tests must be great enough for the
average to be representative of the species. The rec-
ommendations that are to follow are based on the re-
sults of nearly 200 tests made at the Forest Products
Lsboratory on box and double I beams with plywood
webs, the quality of which was fairly definitely known.
Accompanying tables give the results of these tests.

i Presoott, J. Applied Elastielty. 92-105. London, New York (etc.). 1924.
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BASIS FOR ARRIVING AT DESIGN STRESS

The most effective way of approaching the problem
of efficient web thickness and hence correct design
shear stress is to test a number of beams of suitable
over-all dimensions and various web thicknesses and
to compare their efficiencies. By efficiency is meant

maximum load divided by beam weight. Figure 1
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F1aUaE 1.—The relation between load-weight ratlo and thickness of web for
8 by 8% s Inch box beams with the graln of the plywood webs at =45 degrees
to the length of the beam. Flange depth 134 Inches

shows the results of such a series for spruce and
yellow poplar webs with the grain running at an
angle of +45° to the length of the beam. The beams
were 3 inches wide by 8%{s inches deep with flanges
1% inches deep. Two loads 44 inches apart were sym-
metrically applied between the supports, which were
16 feet apart. The results used in Figure 1 are taken
from Tables III, IV, V, and VI. A great number of
tests would group themselves in a milky way along
the line CDGB and between the bounding lines UEF
and LHI, which represent the maximum and minimum
values for the group. The line AB is calculated on the
basis of failure in the compression flange and a weight
of 27 pounds per cubic foot. The line CD is based on
the loads that the two flanges will sustain after the web
has collapsed. The line CD will naturally slope down-
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ward to the right to the point where the maximum load
- for a box beam exceeds the load that the two flanges
glone will sustain. Along the line DG failure will be
by shear and the shear stresses represented by this
line are shown in the upper portion of the figure. The
intersection of DG and AB represents the theorstical
thickness of web and the resulting shear stress at
which there will be equal likelihood of failure by shear
or by compression in the compression flange. What
actually happens, however, is that beams with a web
thickness represented by the intersection of these
curves fail in the compression flange although they
buckle in the web and consequently give lower average
values thap those indicated by the intersection.
Therefore, in place of a maximum shear stress of 1,225
pounds per square inch, as shown on the upper curve,
a stress of about 1,175 pounds should be expected,
The fillet in the shear curve produces the fillet GK in
the efficiency curve and throws the point of maximum

efficiency to a web thickness of approzimately 0.13 :

inch, which corresponds to a shear stress of 1,135
pounds.

There is one important matter that is commended
to the careful attention of the designer at this point.
It has to do with minimum values. If a web thickness
that gives equal likelihood of failure by shear or by
compression is selected, there is a possibility of getting
8 beam low either in shear or in compressive strength,
By using g slightly heavier web with practically no loss
in efficiency the chances of getting a dangerous mini-
mum are reduced 50 per cent. Further, a glance at
the line of minima LHI| (fig. 1) shows that the
maximum of these minimum values is at a thickness
greater than that recommended. Considering all
these facts, a recommended shear stress of 1,000
pounds per square inch for 45° webs of beams without
diaphragms seems the best from the standpoint of
safety and economy.

That more of the points of Figure 1 are above the
average line than below is accounted for by the
facts that more of the material was sbove the average
in quality than below and that, although the average
line is based on spruce webs, & number of the beams
shown had yellow poplar webs, which on the average
are somewhat stronger than spruce.

USE OF DIAPHRAGMS

No exhaustive study of the proper spacing and size
of diaphragms was made. In a few instances, how-
ever, beams were made with diaphragms to point out
their possibilities. Thus beams 73D, 77D, and 81D,
Teble V, all of which failed in shear, can be compared
directly with 72, 76, and 80, respectively. The first
set had diaphragms spaced as shown in Figure 2 while
the second three had no diaphragms. Beams 10, 15,

and 20, Table VI, can also be compared with other

beams in this same group; their diaphragm spacing is
also shown in Figure 2. While beam 9 without
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diaphragms failed in shear at 934 pounds per square
inch shear stress, No. 10 with the same thickness: of
plywood and a diaphragm spacing of two and three-
tenths times the clear distance between flanges failed
in compression. It must be noted, however, that
beams 7 and 8 with thicker webs and no diaphragms
gave better load-weight ratios. Beam 15, with very
thin plywood of low-density stock and diaphragms
spaced two and three-tenths times the clear distance
between flanges, failed in shear with a maximum shear
stress intensity of 1,482 pounds per square inch.
Beam 20, with thin webs of high-density stock and
with a-diaphragm spacing of one and sixteen one-
hundredths times the clear distance between flanges,
failed in compression when the maximum shear in-
tensity was 1,992 pounds per square inch.

. The beam sections listed in Table VII, which were
tested in. shear, show too, in a limited mesasure, the
effect of diaphragm spacing. For example, S-6 and
S-7, with high-density webs and with 20 inches
between end blocks, average over 1,800 pounds per
square inch, while S-18 and S-19, with even slightly
greater density but with 74 inches between end
blocks, average only 1,050 pounds per square inch.

RECOMMENDED DESIGN STRESSES IN SHEAR FOR
45-DEGREE PLYWOOD

A careful analysis of the nearly 200 tests previously
mentioned leads to the following recommended shear
stresses for either 2-ply or 8-ply 45° plywood webs
for box beams of a depth not greatly exceeding the
maximum depth of those tested (9% inches).

When no diaphragms are used or when the dia-
phragm spacing exceeds three times the clear distance
between flanges, use four-thirds of the design stress in
shear recommended for the species. (Table VIII.)
The actual values for four species follow:

Spruce: 1,000 pounds per square inch,

Yellow poplar: 1,070 pounds per square inch.
True mahogany: 1,150 pounds per square inch.
Birch: 1,735 pounds per square inch.

. For & diaphragm spacing from one and one-half to

two and one-half times the clear distance between
flanges use five-thirds of the design stress in shear rec-
ommended for the species. Some actual values follow:
Spruce: 1,250 pounds per square inch,
Yellow popler: 1,335 pounds per square inch.
True mahogany: 1,435 pounds per square inch.
Birch: 2,165 pounds per square inch.

For a diaphragm spacing up to one and one-half
times the clear distance between flanges use double the
design stress in shear recommended for the species.
Actual values follow:

Spruce: 1,500 pounds per square inch.

Yellow poplar: 1,600 pounds per square inch.
True mahogany: 1,720 pounds per square inch.
Birch: 2,600 pounds per square inch.
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A study of the results of shearing tests and static
tests of beams leads to the conclusion that plywood
webs are most efficient when the grain of one ply is at
90° to the grain in adjecent plies, when the web is so
arranged that the grain of helf of the materials is at
90° to the grain of the other half, and when the grain
of all the plies is at + 45° to the longitudinal axis of the
beam.

DESIGN SHEAR STRESSES FOR PARALLEL-PERPEN-
DICULAR PLYWOOD

Allowsable shear stresses for plywood webs so con-
structed that the plies are alternately parallel and
perpendicular to the length of the beam should not
exceed 87% per cent of those recommended for 45°
plywood. The beams with 45° plywood webs are also
stiffer than the others, because of the fact that the
shearing modulus for the 45° webs is higher than for
the parallel-perpendicular webs.

The shearing moduli recommended for both types of
webs appear in the second paragraph following.

DESIGN SHEAR STRESSES FOR SPECIES OF PLYWOOD
NOT LISTED :

Stresses for plywood of species other than those
listed can be obtained from the shear values of the
wood given in standard strength tables by applying the
same factors as those required to obtain the values for.
the four species of plywood listed.

SHEARING MODULI FOR PLYWOOD WEBS

The shearing modulus or mean modulus of rigidity
of spruce wood is equal to the modulus of elasticity
alopg the grain divided by 15.5 and the shearing
modulus of 45° spruce plywood is five times the
shearing modulus of spruce wood. Therefore, the
shearing modulus of 45° spruce plywcod may be
obtained by dividing the modulus of elasticity of
spruce by 3.1. These ratios have not been definitely
obtained for other species, but scattered tests indicate
that the radio of modulus of elasticity to modulus of
rigidity ranges between 14 and 18.

Very few data are available relative to the shearing
modulus of plywood webs the grain of which is alter-
nately parallel and perpendicular to the length of
the beam. What data are available indicate thai
the shearing modulus of such plywood is the same
as that for solid wood of the same species. In other
words, the shearing modulus of 45° plywood is about
three times as great as that for parallel-perpendicular
plywood.

SHEAR STRESSES IN BENDING COMPARED WITH
SHEAR STRESSES IN TORSION

For a diaphragm spacing up to one and one-half
times the clear distance between flanges, an ultimate
shear stress of 1,500 pounds per square inch is recom-
mended for spruce plywood webs of beams subjected
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to bending or to combined axial and side load. Tests
of a large number of torsion specimens indicate that
& much higher calculated ultimate shear stress is
obtained in torsion. In fact, the average for a series
of torsion tests was 2,370 pounds per square inch.
This value is recommended for spruce plywood under
torsional stresses when the diaphragm spacing does
not exceed one and one-half times the unsupported
height of the plywood.

COMPARISON OF FOREST PRODUCTS LABORATORY
TESTS WITH OTHER TESTS

All Forest Produects Laboratory tests, with the
exception of those listed in Table VII, were made on
comparatively long beams in which the filler blocks
at the end reaction points and at the load points were
not glued to the flanges or webs and in fact had actu-
ally been waxed in order to prevent any shearing
resistance. The results given in Table VII are for
beam sections tested as illustrated in Figures 3 and 4,
The shear blocks shown in these figures were made
in various lengths with flanges either 1 inch or 1%
inches deep. Filler blocks were fitted but not glued
in the ends. The results of all tests, therefore, rep-
resent the resistance fo shear offered by the webs
only. Manufacturers and others, in testing short
beams in which filler blocks have been glued, repeatedly
report higher stresses than those representative of
the webs tested. There are two reasons for this.
First, the shear formulas for beams are increasingly
insccurate as the span-depth ratio is reduced and,
second, the glued-in filler blocks take part of the shear.
As the glued-in filler blocks occupy an increasing
percentage of the length of the beam, their resistance
to shear increases until a point is reached where no
webs would be required. OQur stresses represent what
the webs will teke and any allowance for the shear
taken by the filler blocks must be provided for by
the designer.

GLUE AREA BETWEEN WEB AND FLANGE

and webs is given insufficient consideration by the
designer. It has been the practice at the Forest
Products Laboratory to determine the stress on this
glue ares by dividing the maximum shear in 1 inch of
the plywood by the area of contact per inch between
the plywood and the flanges. For example, the shear
stress on the area of contact is

=& ©

in which ¢ is the maximum shear sfress in the plywood,
#’ the thickness of one web, d the depth of flange, and
i f the shear stress required.

stress between flange and web, two things must be
, considered. First, the grain of the plywood is not

Very often the question of glue area between flanges

In arriving at a suitable value for the allowable shear —
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parallel to the grain of the flanges and therefore the
bond between the two as far as shear is concerned is no
greater than that between successive plies of plywood,
which is about one-half of that for glued construction
in which the grain of the different pieces is all in one
direction. Second, as the beam deflects secondary

3
i
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FIGURE 3.—One method used to apply shearing loads to relatively short beam
sactions. (The dimensions of the test pleces appear in Table VII)

stresses are set up, the distribution across the entire
area of contact is not uniform, and fsilures occur at a
calculated uniform stress of about one-half the cross-
banding figure or one-fourth the shearing stress of the
wood parallel to the grain.

There is no doubt that with long spans, slender cap
strips, and no diaphragms, the secondary stresses
would exceed the primary stresses. Likewise, there
are conditions under which the secondary stresses

would be small in comparison with the primary stresses..

We know only in a very general! way, however, the
extent to which the various factors influence these
secondary stresses and therefore we can not take
advantage of the low secondary stresses that exist at
times. .

Insufficient data are available in regerd to the stresses
at which failure will occur in the glue and the influence
of secondary stresses upon such failures. The few
cases that are presented in the following discussion,
however, yield some information on this subject.

PN-7 beams 1 to 9, Table IX, had flanges in the
overhang that varied in thickness and a total shear in
the overhang that was uniform. Hence, the stress on

the area of confact varied. The first value in Table

X is for the stress at the outboard edge of the block
at the outer support and the second value is the stress
at the inboard edge or the block set in the end of the
beam. It must be remembered in this connection that
the test beams extended 59.28 inches beyond the outer
support and that & 6-inch block was set in the end of
each to take a concentrated load 56.28 inches from the
outer support.

TABLE X.—SHEAR STRESSES 1IN THE GLUE LINE OF

TABLE IX BEAMS HAVING FLANGES OF VARYING
THICKNESS IN THE CANTILEVER

Beam number | Bhear stress Fallure
Pounds per
¢ inch
PN-7-1 e 0 to 309 Other than glue.
PN-7-2.. .. 249 t0 334 Do,

v PN-T3 - 221 to 268 Do,

! PN-T—4.ccueenn -| 280%0382 | Glue.
PN-7-8_cccu.. —| 391to302 Do.
PN-7-8ccecana- -| 164to 217 Other than glue,
PN-T-T o cmecea 219 to 403 | Glue,

PN-T-8_ . 244 t0 330 Do,
PN-T-9ccaeuean -| 158 to 198 Other than glue,

When failure occurred in the glue line it started not
near the end of the beam but at the outbhoard edge of

H

e ey
N A A -

e R |

FIGURE 4.—A second method used to apply shearing loads to heam ssctfons.
’ ‘(The dimensions of the test pieces appear in Table VII)

- the block, at the strut point, where the shear stress was

the lowest. This was due to the secondary stresses at
that point.
PN-7 beams 10, 11, and 12, Table IX, all have a

uniform flange thickness in the cantilever. Table XI
gives the stress in the glue line.

[
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TABLE XI-—SHEAR STRESSES IN THE GLUE LINE QF
TABLE IX BEAMS HAVING FLANGES OF UNIFORM
THICKNESS IN THE CANTILEVER

Beam number [Shear s:ra% Faflure
Pounds per
quare tnci
PN-7-10.cccmeeae.| 197 | Glue,
PN-#11__________| 203 ; Other than glae.
PN-1-12 .. __| 0.

Very few additional data are available. In Air
Service Information Circular No. 516, The Design of
Plywood Webs for Box Beams, by R. A. Miller,
there are reported two beams tested by the Air Service,
Engineering Division, which failed in the glue line at
a calculated stress of 284 pounds per square inch.
Beam No. ITI, Table IT of the present paper, and
beams 12, 13, and 15, Table ITI, failed in the glue
line at stresses ranging from 52 to 114 pounds per
square inch. These beams were made and tested

seven or eight yeers ago, since when there has been ;

considerable development in the art of gluing and
some development in glues. Of our more recent tests,
one beam, PN-7-10, failed at a stress slightly below
200 pounds per square inch. The other failures are at
calculated stresses much higher than 200 pounds per
square inch.

Considering all factors and bearing in mind that no
economic design figure can shut out every possibility
of failure in the glue, it seems desirable that the glue
ares between web and flange be based on an allowable
stress of one-fourth the shear stress of the wood
being glued. If two different species are being glued

govert.
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together, the shear stress of the weaker species should

" CONCLUSIONS

As a result of this investigation it is concluded that,
to obtain a balance between economy and safety, the
following shear stresses should be used in designing 45°
plywood webs for wmg beams: Twice the customary
allowable design stress in shear for the weaker species
in the bond, when the diaphragms are spaced not to
exceed one and one-half times the clear distance be-
tween flanges; five-thirds the stress allowable for the
species when the diaphragms sare spaced one and
one-half to two and one-half times the clear distance
between flanges; and four-thirds the stress ellowable
for the species for a diaphragm spacing of three or
more times the clear distance between flanges.

For 3-ply webs with the grain of the plies alternately
parallel and perpendicular to the longitudinal axis of
the beam, shear stresses should not exceed 87% per
cent of those recommended for the 45° construction.

Attention should be given to the question of glue
ares between the flanges and the webs of box beams.
In the light of available information it seems desirable
that the stress on this area, when calculated by the
method employed in the analysis presented here,
should not exceed one-fourth the customary allowable
design shear stress for the species of wood used.

ForesT ProDUCTS LIABORATORY,
ForesT SERVICE, UNKITED STATES
DEPARTMENT OF AGRICULTURE,
Madison, TWis., Norember 27, 1929.
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TABLE II,—BOX BEAMS SUBJECTED TO COMBINED AXIAL AND TRANSVERSE LOADING. DATA FROM UNPUBLISHED FOREST PRODUCTS
LABORATORY REPORT, “THE USE OF PLYWOOD IN WING BEAMS,” BY GEORGE W, TRAYER

Maximym
ot | ot ‘Weh construotlon ahear st
Width | Depth ax’e | ¥AX - lgreight 14
Beam | "o of | Buaffeners | Wum | mum [T E I Q a v K uala Fallure
No. |y heam side  end |, O | Direc. [ Direo- Actunl o
eam loed | load ton | tlon | Ply thicks | gooion o oreng | thicks By ) | By @
of face | of gore Dess poo ness of y 4
graln | gruin 2 webs
: i ]
1,000 ba, Lbs, per| Lbe,
Inches | Incher Pounds| Poundsl Pounds| ° ° Tnch Ineh |perag.in.| Incheat| Inches V| Inohes | Pounda) Pounds| uq. n, | 10, In
) 254 9 With.....- 8,410 | 10,500 | 20,61 45 45 { Mo—He Birch-poplar....| 0.18 1, 49 1 14, 819 | 1,705 1,144 ) ) 8 1, Glue,
I 2 054 |...... o....| 8834 (10,270 | 20,16 48 45 | Ho~Yoo-$4o da..- .18 1,800 | 14.9) 1400 | 819| 1,087 | 1.120 | 1,882 | 1,281 | 1,276 | Slight compression,
III..... 2 084 1aunn do....| 2,760 8 500 | 20,18 45 45 | ¥4~} a-Ha | Yellow poplar...| .28 1,407 | 120.7| 14.91 818 | 1,880 | 1,180 | 1,560 it 762 | Bhear and glue,
Iv.....| 2 9 do 8,784 | 11,000 | 19,44 45 45 | ba-Ho-14s |..... 0enmzmemene o4 1,888 | 1207 14.91| 818 1,887 | 1,171 | 2,188 | 1,080 | 1,069 | Qompression.
A/ 2 0 ‘Without_.| 38,734 | 11,000 | 20,58 45 45 | Yho-Yeo-¥ho0 | Blrch-popler....| .18 1,606 | 114.9| 14,00 819 1,887 | 1,147 | 2,288 | 1,837} 1,530 . Do,
A'2 254 084 | Wit 8,868 | 11,880 45 45 [l 7.1] do W18 1,743 | 114,9| 14,00 819 ( 1,920 | 1.148 | 2,215 | 1,508 | 1,501 Do,

e 834 | Wichout..| 4 02 | 12,800 | 21,70 a5 45 4a-14a | Yellow poplar__.| .25 Less | 1207 1401 | 818 2012 1,168 | 2383 | 1182 | 1,181 Do.
XIIL.. 4 'l With 4,288 | 13,710 |..cau... 45 45 2-Ma=-l4a Q W48 1,622 | 120.7| 14,01 818 ( 2,144 | L1164 | 2,408 1 1,284 ’ 0.
IX.... 28 9 Without..| 8182 | 0,800 [ 21,868 45 45 o-rho-3o 0 20 1,632 | 1144 | 14.08 8,10 1,801 | L1386 1,808 1,112 | 1,104 | Shear,

b S 204 9 With 4,284 | 12,700 48 45 o 0 0. . 1,707 | 14,4 1406 ( 810 2,143 | L1608 | 2 1, 1,820 | Compression,

In computing Tand Q one-half the plywood was considered, All heama had routad flanges, Beams were tested In combined loading, Column length was 152,875 inohes and the distance betweon alde load roaotiong was
141 inohes. Bide load was s, mmamoal?y I%plled to twa polnts 47 Inches apart, Stiffeners wers glued to the webs of heams Indicated, Stiffenara consisted of two triangular plecas of spruce ¥4 hy 14 inch between whioh a
a-Inch atrFLt.vaa glued, They were spaced 20}4 Inches and simulated the rib connectlon.

K—1+m
1,152,875 Inohea,

M =57
(2) q—y}:
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DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY

REPORT, “USE OF PLYWOOD IN WING BEAMS,” BY G. E. HECK

TABLE IIT.—BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY.
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COMMITTEE FOR AERONAUTICB

The test span, was 16
'With 45° plywood

Nominal dimensions of the heams wers 3 hy 8%{¢ inches by 16 feet 414 inches.

ting 7 and Q only that part of the plywaod the grain of which was parallel to the length of the beam was considered.

In calenla

ints 44 inches &
ﬁonspvgere made with g:{itde rale.

t

lar plywood and the grain of the core was at 90° to the grain of the faces

ellow po)
=it

el

The webs of all beams were of
one-half the thicknear was used.

feet and two loads weare



TABLE 1V.—BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY
REPORT, “USE OF PLYWOOD IN AIRPLANE WING BEAMS,” BY G. E. HECK

Maximum
‘Wab construotion shoar stress
Width|Dapth|Deptb| oife (V0| Mazt- |Waight] Load- :
Boam | “of | “of | of |eaviiy| {8 | mum o welabi Actu)| £ I Q e 14 Fallurs
" | boam | beam "‘““l?“ tont | load | heam | ratlo |Dirostlon| pyroguion of |Qratn of facos in|Qraln of taogstn|  Ply  [thiok-| - By () | By @)
Anges ‘:mh core grain | opposiie wobs | each web thickness g?r.e 8: y y
P e Lbe. per|Lbs
er \ . per|Lbs,
Inches | Inches | Inches cent { Lbs, | Lbe, Inch Ineh |[aq. gl“ Inehes ¢ | Inches 3| Inghes | Poundas| aq, in. | ag. in.
28...| 8.00( 848 1,80 | 0.,448 | 14.0 | 8,885 | 86,18 | 108. 1 | Vertleal.| Longitadinal._| Parallal. ..._.. Parallel....... | W11 | 0,253 1,496 | 105,52 | 1502 6.96| 1,018 | 1,083 q, fhear in weba,
20...| 3.00( 8471 L50| ,486 | 14,818,720 | 85.04 | 100.2 o, 0. 0. do. d~4a-ad | L2063 | 1,470 | 106.81 | 1511 6467 | 1,860 | 1,084 , Do,
80...| 3.0l | 8.45| LB0O| .412|14.0 (4,025 | 84.85 | 115. 5 0. 0, 0. do, l49-1io-Y8a | .2 1,408 | 107.81 | 1551 ( 495 2,013 | 1,160 1,167 Do,
8l...| 3.00( 845| LB80| , 140 [ 4,175 | 88.54 | 124. 5 0. 0. 0. do Vas-yie-Yaa | ,240 [ 1, 10740 | 1545 6.95 | 2,088 | 1,250 1,251 | Campresslon,
82...| 3.00( 845 1.B0| .422) 16,4 (3,825 8549 | 107.8 o, do. 0. 0 Vaa-UAa-Yas | 1,471 | 107.49 | 1545| 6.95| 1,812 | 1,145 | 1,145 | Shear in webs,
83...| 99| 843 | LAK0| .431] 165 000 | 85,86 | 114.1 do. [\) do_.. do.... -4 o . 246 465 106,70 ( 15,40 ( 6,08 | 2,045 | 1,200 | 1,900 | Compression.
84, 2.09| 8.45] Laso| .440] 188 :‘;’,750 86,76 | 102.1 | 45° do Parpendleuiar.| Ferpendicnlar.| Ys3e- <208 %:sao 10870 | 1589 | 6905 | 1,878 | 1016 | 1,015 | Soarin wobs.
38...] 299 | 8.43) 1580 | .434 | 159 | 4,015 | 38,61 | 100,68 | 456° do. do. do. 9=l a- +206 11,875 | 106,28 | 15,34 | 693 | 2,008 | 1,080 | 1,080 Do.
86...) 2900 ( 8,46 1,50 | ,386 | 15.6 | 8,800 | 83.488 | 98.4 | 45° do do. do ~de-vin | 272 | 1,874 { 107.18 | 15.40 (| 6,88 | 1,650 872 871 | Compreaslon,
87 299 8.44| 1,50 | .380|16.9 (3,866 | 33,08 | 10L.8 | 45° do do. do. oMz | .268 | 1,500 | 106.82 | 1443 | 0.04 | 1,082 907 '] 0,
88...] 299 | 8.42| L50| .400( 16.0/ 8,250 | 82,77 | 00,2 | 45° do. Parallel., Parallel. M2-1ia-14s | 208 | 1,702 | 105.00 | 1438 | .92 1,625 877 876 Po.
3] 200 844 L80| .800 158 |3,000] 8286 04.1 ] 45° do 0. o Mr-Ho-l40 | .264 | 1,380 | 106.43 | 1588 | o.94 | 1,848 850 843 Do,
40...f 209 | B.42( 1,48 | .4071131,9 8,200 8202 | 100.0 | Veartical do 0 . do. ldo—160~Mo | .180 1,350 | 105.08 | 1522 6.04 1,600 | 1,386 | 1,240 | Shear in webs,
di...| 8.0l 841 | 1.48| ,429)12.1)3,016| 38.11 | 88,0 do. do. o, do, o—-ifio~Mo | .18¢ | 1,367 50| 18 693 458 137 1,143 Do,
42...} 2.00| R4l1| L48| .416( 11,8 | 2,850 | 82.68 | 72.0 | 48° do Perpendicular.| Perpondicular.| ¥o-36o~3o | .100 | 1,586 | 108.75 | 15.10| 6,03 1,178 888 592 Do,
43...] 8.00| 841 | 1.49| .428 | 11,8 (2,800 | 83,17 | 60,4 | 45°... do 0. do Ho-Mo-Mo | .188 | 1,608 | 106.83 | 15.88 | 6,92 1,180 884 886 Do,
d4...| 2.98( 8.40| 1.80| .464 | 10.8 | 8,785 | 84.77 | 108.8 | Vertical do Parallel....... Parallel. o~yad-1s | 1668 | 1,470 | 106.08 | 15,290 | 6.90| 1,802 1,044 | 1,680 Do.
46._.| 298 ( 841 | 1.50| .454 11,1 8,530 | 83.76 | 104.6 de, do. o, de, s-a-3s | .168 1,420 | 108,40 | 1582 | 691 | 1,765 | 1,518 | 1,520 Do,
46.-.) 298| B.43 | 1,49 | ,480 { 10,8 | 8,040 | 84,83 | 87.8 | 45° 45° Perpendicular. do. l6a-Ma | 168 | 1,872 | 106.56 | 1520 | 6,94 1,520 | 1,206 1,804 Do.
47...] 20| 843 LBO| .4 10,5 | 2,040 | 84.44 | 85,4 | 48° 45° do. do. s~M-s | .166 11,010 | 107.40) 1542| 698 L470 | 1,273 | 1,277 Do.
8. 207] 845 1.50| .432 | 11.8 | 4,250 | 33.96 | 125, 3 | Veartioal. Lonﬁlbudlnal.. Parallel. do -HMe-t | .253 | 1,541 | 10030 | 15,28 | 605 | 2,125 | 1,213 | 1,214 Da.
40...| 2.68| 845 | 150 | ,42¢ | 11,4 ) 4,225 | 88,67 | 14.8 do. 0. do. do. a4y | .256 | 1,452 | 106,65 | 153841 6,95 212 1,186 | 1,188 Da,
50... 2.97| 8.43( LB50| .428| 1.2 & 080 | 83.31 | 15L, 9 | 45° 45° Per?ndloular do o~6a | 250 (1,768 | 105,70 | 15,24 ( 6.98 | 2,880 ( 1,460 1,460 Oompreasion,
5l...| 2,98 | 8,48 | 1.80 ] .428| 111 025 | 88.77 | 148.9 | 45° L1 S —— 0 do. aJ4a | 246 (1,770 | 108,08 [ 1581 ( 6,98 | 2,812 | 1,475 | 1,474 | Shear in wobs.
52...| 2.96| B.40| 148 .417|10.8| 8,000 | 82,19 | 131.2 { Vertieal. Longitudinal...| Parallel do. o-Y4o~3o | .100 ( 1,476 | 106,10 | 15 15| 6,08 | 1,050 1,465 | 1,470 R
5...] 2.96| 8.46| 1,48 | .418|10.8 | 8,675 | 82.21 | 114.1 do do do do. o-Yo-Mo | .184 (1,801 | 106.10 | 1517 | 6,98 | 1,888 | L4928 | 1,430 Do.
B 2.06] B.38| 1.47| .44 |10.6 | 4,060 | 82,03 | 123,32 | 45° 45° Porpandicular. do o~vio-Mo | 100 ( 1,260 | 108.82 | 14.80 | 6,01 | 2,080 | 1,540 | 1,845 Do.
b6...| 2.96| 8.44 | 1,850 [ ,413| 10,7 | 4,100 | 92.78 | 125.1 | 45° 48° 0. do. o-t40~Ho | 188 (L 778 | 108.20 | 1528 | 6.84 | 2,080 1,568 | 1,870 | Compression,
56...] 280| B.44| 1,40| ,473|10,9} 1,710 [ 8208 | #1.9 | Vertical. Lonﬁltndlnal.. Parallal do J6a-Yin-164 | 124 | 1,385 | 104.40 | 14.04 | 6.05 858 088 002 | Bhesar In wehs,
§7...| 290 842| 140 ,462 [ 1L0 (1,875 |8L04 | 58.7 do do o do. a~J64 | 126 | 1,836 | 103,80 | 14.90| 6.08 088 | 1,067 | 1,074 Do,
B3...| 292| 848| 1L, 80| ,457 11,1 (1,325 (82751 40.5 | 45°...... [ 1., «-| Perppndicular do, Yoa-Yha-Me | 128 | 1,781 | 105,20 | 1511 | 698 6683 74 748 Do,
M...] 292 8,43 | 1.50| .440| 10,8 | 1,235 | L5 | 80.2 | 45° 45° [ 0 4-18a-Y« | ,128 | 1,675 | 108.20 | 1511 ) 6.98 018 04 an7 Do.
00_..| 204 ( 841 1,80 ( ,408 | 11.0 (4,815 ] 284.22 | 138,1 | Vertieal. Innqlt.udlnal.. Parallel. 0 -Ma-Yae | 836 | 1,481 | 108.10 | 14,93 | 6.01| 92,188 020 020 | Compression,
Al...] 2.04| 8,48 | 1,50 | ,408 11,3 | 4,895 | 86.57 | 118.5 do. do 0... o 4~Mo-144 | .830 | L474 | 108,70 | 15,00 @498 | 3,168 4B M7 ]5’0.
02.--] 2| B.40| 1,50 | ,40213.0 | 4,100 | B4.25 | 119, 7 | 45° 45° : Porpendioylar. o ~Ma-J4e | .880 | ), 075 | 10270 | 14.94 | 600 | 2,050 800 Do.
68...| 205) 840 L8O | ,408 (112 8,715 | 84.42 | 107.8 | 48°....... 45° do do. «~Ha-18a | ,836 (1,555 |103.20| 1500 ( @400 | 1,888 804 801 | Tenglon.
64...[ 2071 Bdd | 1.48| ,4B0| 10,8 | 4,775 | 87.65 | 137.2 | Vertioal. Lonﬁltudlnal.. Parsllel. do. o—~Ho-140 | 302 | 1,604 60| 1500( 6.08| 2,838 880 875 | Compression,
66...] .97 | 846 | 1,48 | ,436 [ 10,8 | 4,600 | B8 15 | 122.0 do o do-.. do. o-Ho-to | ,802 | 1,508 | 104.83 | 1510 ( 6.68 | 2,848 866 8A7 'N
66.._| 2,97] 842| 1,48 | ,428 (10,8 | 4,485 | 37,03 | 116,90 S 5 Perpnnaloular do, $o~Hao~lho | .882 | 1,770 | 108.02 | 1498 | 6.94 | 32,218 848 836 Do.
07...| 2.98( 843 1.48| ,486 | 10.8 4,775 | 89.68 | 128.6 | 46°...-. 45° do. do, o~Ho-}o | .388 | 1,770 | 103.60 ( 15.07 | 6,95 | % 388 808 886 Do,

The webs of all beame were of yellow poglsr lywood. Nominal dimensions of the beams wera 3 by 8%4s inchos by 16 foot 434 Inches, The test span waa 16 fest and two loads were symmetrioally applied at points 44
Inches apart, Jn calenlating I and Q one-half the plywood was used. All calculations were mado with's slide rula, .

W e=52
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TABLE V.—BOX BEAMS SUBJECTED TQO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY l\D
REPORT, “USE OF PLYWOOD IN AIRPLANE WINGS BEAMS,” BY G. E. HECK

,4:.
8peci- | 1zozs. ‘Web construction ] ﬁ,‘m“lmmmas
Width| Depth| Depth fio- | 10| Maxi-| Welght | Load-
Bem | "of of Disphragms | grav- | ® |'mum | of |welght] pctu] B | T | @] e | ¥V Failure
* | beam | beam ﬂauges ty of load | beam | ratlo | Direction Gram of | Grainof | pro ihiek. |thick- .
tent Direction of | g oc0 in y By (1), By (2)
flanges offace |~ orain OB; faices ness ness of] od Y
grain posite each web |- 3 webs|
1,000 Lbs. | Lba
Per [bs. g:r perag.|persq
Inches| Inches| Inches I eeni | Lbs. | Lds Inch Inch |sg. in.{Inches{Inches Y Inches| Lbs. | in. in.
68....1 298| 830 1.47 [ Nono——ccame-- 0.403 | 9.8 4,788 37.65 | 127.2 | Vertical, Lolﬂitudl- Parallel....| Parallel.] Me-14-Ms._|{ 0484 | 1,660 ( 100.8 { 14.83 | 6.92 | 2,884 p- ] 715 | Compression. g
nal.
69D 2.97] 837] L4688 d 1774e-| .404 110.6 14,740 | 37.68 ) 1258 |-__do__ do. do._ - do- ... 6| .480] 1,672 99 14.67 | 6.01 | 2,870 26 714 Do.
] 2| 88| 147 NORO e emon .897 {10.4 | 4,500 { 3081 | 126.4 | 45° B } |-=-do-_ ﬁ.-k‘iﬂ 4 430 3,010 {1004 ] 1474 6.91 | 2295 | 702 | 602 Tenson, 3
. ular, N
7AD.1 298] 836} 147 |8 17%Ha.( . 10.0 | 4,610 | 38.22 | 120.6 | 46° 45° do. ... do.... ir{e-—ﬁv-}gﬂ-- L.404 11,608 1 100.2 | 1476 1 6,80 1 2, 806 687 Compression. g
72..-.| 22997 8.41] L50 [+ T- TR .412 ] 10.0 | 3,615 | 3389 | 108 8 | Vertlcal | Longitndi- Parallel . _-|_“do___7| Y4a-Me-34at .252 1,562 | 105,91 16.80 | 6.91 | 1,808 | 1,036 | 1,038 | Shear in webs. -
o = . 0
73D..{ 2.98] 8.43| L50 noed 177Ma-| .402 | 3.4 ) 4,230 | 33.30 | 127.0 |-__do-_ do. . do._- do. ... %rﬁo—ﬁsq L9256 | 1,615 | 105.9| 1530 | 6,93 | 2,115 | 1,194 { 1,192 Do. E
74...| 2099 8.41| L48 L] 1 T TN 410 F 0.4 | 4,520 | 8227 | 140.1 | 46° 45° P die- |...do_-..] KBe—¥e-142.] .248 | 1,786 |1 1050 | 15.16 | 6.98 | 2,260 | 1,303 | 1,315 Do. o)
: alar. '
76D_.| 200 8.42] 148 %Pmele}{o. ,308 | 9.0(4,480 | 32.74 | 136.8°| 456° 45°_ do-. do_._] Z‘ﬁz—ﬁe— L1 .9254 | 1,758 | 106,31 1518 | 6.94 | 2,240 | 1,275 | 1,270 | Compreasion. b4
76_...| 3.00| 8.46| 1.48 { None__.._..-- .484 110.1 | 8,900 | 34.27 | 113,8 | 45° 45°, do.- do._..| ¥o-Y6o-Yo-| .216 | 1,928 | 107.3 | 15.35 | 6.08 | 1,950 | 1,280 | 1,294 Shearinwebﬂ- s
77D_.| 2.96| 8.43| 1.4¢. Bpaced 1156..| .428 [10.0| 4,770 | 8R.71 | 14L& | 45° 45° do ——- ———do____| Mo-Yeo~Moa_| .204 | 1,970 | 1050 | 15.08 | 6.95 | 2,885 |'1,678 | 1,680 Do, £
Ba..| 2096 | 845 ( 1.48 | Noneeaeeomme .438 | 0.8} 3820 33.80 | 113.0 | Vertical Lﬁimdl- Parallel... | __do....| Ho-34o~Mo.| .202 [ 1,600 | 105.5 | 16.12 | 6.97 | 1,910 | 1,385 | 1,366 Do. g
0. 2.97| 8.44] 148 Spacod 14| .420 | 0.0 4,835 | 3421, 1202 ]._.do.. do... do._wendendoonn }}n .212 | 1,610 | 105.5 | 1515 | 6:96 | 3,162 | 1,468 | 1,465 Ro. |
.| 297 | 8.42| L48 one... - 430 | 9.814,610] 84,281 184.7 {.-.do.. do.-- do.- do.--. [ L2401 1,608 | 1047 [ 1508 | 694 | 2,806 | 1,383 | 1,384 Do. m
81D..| 295 ) 838 | L4 |8 1156.| .426| 0.8 | 4,820 8460 130.0{-__do____|-_._. do-- o oeodOooas .--do-_--ﬁ z?u. .248 { 1,670 | 1026 | 1480 | 6,90 | 2,410 | 1,400 | 1,408 Do. O
82...-| 297| 8.40| L47 [0): 1, SRR \420 [ 9.7 | 4,760 | 83.91 | 140.3 { 45° 45° Pﬂggndlo- JIREE, T, J [ = L250 | 1,800 | 103.8 | 14.95 | 6.93 | 2,380 | 1,371 | 1,373 Do. z
83D..{ 207 40| L4786 1156 | .482 | 905200 3406 15L 4 | 45° 45° do... do-... gs—;rﬁn. 2481 1,935 | 103.8 { 14.94 | 6.08 { 2,645 | 1,536 | 1,580 ComBl‘wSl Q
84....] 296 | B.48| L46 ONO_oemmane .396 | 894,006 | 3397 ) 147.1 | Vertical | Lonﬁliudi- Parallel.___|__.do.___| }4e-MesM4a | .324] 1,880 1027 | 1486 | 6.97 | 2,408 | 1,115 | 1,108 Q
8D..| 206 8.44| L45| B 1156..| .38L| 9,6 | 4,680 | 34.33 1 136.3 {--.do._ do.. do.. do____ ﬁ:—%s— 4 .8261 1,258 1 1027 | 14.83 6.99 2,340 1 1,085 | 1,020 Dd. E
B8] 290| 8.41] L46 one.J.._,,__H_-.,ssﬁ U5 (4470 8226 | 1386 | 45%mnend 4B Parpanlic- |-oodo...f Fu-His- 18241 1,355 | 102.4 | 14.84 qnu_iz,zssl. L000( ‘¢ Do
8D.{ 207 845] 1'46| Spaoed1iss. | sss) o1{4400] s2a8} 1881 ar Y S N T ‘do...t MeM-ta | ;o221 L,3087" 087 1408 600 2,224 o8| ese Do. E
=
The webs of all beams were of yellow poplar plywood. Nominal dimensions of beams were 3 by 8%« Inches by 16 fest, 43¢ inches., The test span was 16 fest and two loads were symmetrically applied at points 44 inches
apart. In calenlating 7and Q one-half the plywood was nsed, All caleulations were made with a slide rule. : g
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TABLE VI.—BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY
REPORT, “DESIGN OF PLYWOOD WEBS FOR BOX BEAMS,” BY GEORGE W. TRAYER

|
; Web construation Mm’:‘t“"““’h“"
iflo Mols-
Width | Depth | Dapth | Sps0 Maxl- | Welght | Load-
Bﬁ':m of of of arn:ilty { g‘g;‘f mom olf walah Actual | E I Q e v Fallure
* | beam | beam | flanges flanges | tent load heam ratlo | Direction Snecific Num- ‘thioke
g of fags | Speoclea of wood zl?nvlty horaf | poo% By () | By @
grain plies 2 wehs
1,000 lba, Lba, por | Lbs, per
Inches | Inches | Incher Per cent| Pounds | Pounds Ineh (psrag.in.| Inchea s | Tnchead | Inches | Pounds{ sg.{n. | 2g.1in,
Joeae| 801 8,45 1.408 0. 8562 13.8 8, 630 81,81 1140 | 45° Aitka spruce. 2 0, 312 1, 045 107,1 15,41 6. 953 1,818 7 Compression,
2.one-| 260 8,48 1,408 . 840 13,8 3, 565 38.28 107.1 | Vertical...| Yellow poplar, 3 . 300 1,508 104.0 14,90 6. 082 1,783 852 864 0.
- S 8.03 8,46 1.497 . 362 18,6 8, 640 81,40 114,85 | 45° 8itka spruce. 2 822 1, 107.8 18, 50 6, 968 1,820 815 812 0.
4| 299 8.46 1,408 80 18,6 8, 518 88,80 1060 | Vertical._.| Yellow poplar. 3 208 1, 888 104.4 14,94 6. 062 1,758 844 848 0.
..... 3.03 B, 40 1. 488 V818 [-m-ree-a| 8,680 28,41 120,2 | 46°......-.| Bitks spruoo....-| 0.82 2 890 1,874 104. 4 18, 20 6.9156 ], 840 600 083 Do.
3,00 843 1. 500 831 88 8,880 27,64 140, 4 | 45° do .82 2 844 1,864 105, 8 18,88 6. 930 1,040 818 413 Do,
800 8,42 1,490 817 8.2 8, 086 a0, 50 150,0 | 48° do. .82 3 . 800 1, 881 106. 5 18,27 6. 930 1,002 1 58 Do,
8,00 8,42 1408 318 8,6 4, 000 25 91 154.4 | 45° do. .83 2 . 276 1,874 108, 1 15,33 6.925 2,000 1, 47 1,048 Do,
300 8,410 1.485 .81 8.4 3,080 25, 85 182,0 | 45° do. 82 2 . 288 1, 885 105. 5 15,22 6,915 1, 540 0 036 | Shear,
8.00 8,80 1, 400 . 810 8.8 8, 760 24, 08 144.1 | 48° do . 82 ] . 286 1,87 108, 2 15,36 0. 900 1,880 1,156 1,184 | CQompresaion,
2,99 8,45 1.486 , 832 20 8, 550 26, 53 188,9 | 4F%.cc..... do 33 2 . 40 1, 3585 108, 8 18,88 6. 084 1,778 1,081 1,061 | Bhear,
290 8,44 1,488 828 9.2 2, 640 a8, 74 1025 | 48° do .88 2 .206 | 1,880 107,0 15,84 6,952 1,820 219 $22 Do,
3,00 8,44 1. 484 . 829 Q1 2,080 28, 20 81,1 |48° do 38 2 , 168 1,356 107.8 15,43 6. 054 1,025 883 887 0,
8,00 8,45 1,489 . 8268 9,1 1, 840 1,71 62.8 | 45°.... do....- .33 2 184 1,228 108, 2 18,47 6. 961 770 8 825 0,
3,00 8,46 1,488 320 9.4 2,870 248, 87 118, 1 | 45° do .88 2 ,188 1,178 108, 7 15,40 6.972 1,435 1,482 1,490 o0,
3,00 8,47 1,408 . 822 10,8 3,40 28, 23 121,9 | 48°.... ] A4 2 U8 1,282 107.7 15, 58 6. 978 , 720 1,002 006 | Compression,
wue=| 8,00 8,46 1,460 823 10,7 3,230 7. 24 118,85 | 45° ] ) 2 . 208 1, 315 s 15,48 4,970 1,618 1,128 1,124 | Bhear,
ee| 2,09 | 844 | 1400 | .324 | 10,8 | 2,865 | 2012 | en.8 | 4k o il 2| .63 | 1,200 | 1072 | 15686 | 6.050 | Lisa | 1,040 | 1,040 Do,
ee| 200 8,47 1 408 34 1.2 1, 048 28, 60 60.4 | 48° (4] f 2 . 130 1,102 104. 9 15, 52 6, 978 773 848 851 0.
e 3,00 847 1, 800 820 10,9 8,470 26,76 120,7- | 48° 0 f 2 1M 1,228 109, 0 15, 52 6. 070 1, 785 1,002 2,008 | Compression,
al.... 269 8.47 1. 800 328 10,4 8, 060 28,58 188, 5 | 48° do .- .88 8 . 250 1,448 107.8 15, 44 6.070 1,080 1,184 1,188 Do,
.---| 8.00 8 41 1.495 .828 10.0 8, 705 27,98 185.7 | 458° do .83 2 . 358 1,408 0 1529 6,916 1,808 1,000 1,001 | Shear,
- %08 8,45 1,405 . 828 10,5 3, bS8 8, 86 180,8 | 46° do. .88 3 ML 1,438 104. 8 15,27 6. 058 1,982 1,166 1,168 | Qompreasion,
®._..| 3.0 8 50 1,498 . 330 9.0 8, 600 27,96 128,8 | 48° do ' 2 288 1,428 108.8 1549 7, 008 1, 800 008 996 | Bhear,

3
5

Thegrain of 50 per cent of the web material was at tho other 50 per cant, Nomioal dimenslons were 8 hy 8%4s inches by 16 feet 434 Inchea, Thetestgpan was 16 fest and 2 loads were symmotrioally applied at poinis

f lgohea apart, In caleuluting 7 and Q one-half the plywoeod was used. All celoulations wers made with a sliderule, Beams 10 and 15 had dinphragms apaced 11.625 inohes and beam 20 had diaphgrams spaced 6.38
nohes,
ve
1) g= f »
v
@ o=z

TABLE VII.—BEAM SEQTIONS TESTED IN DIRECT SHEAR AS ILLUSTRATED IN FIGURES 3 AND 4. DATA FROM UNPUBLISHED FOREST PROD-
.UCTS8 LABORATORY REPORT, “DEBIGN OI' PLYWOOD WEBS IN BOX BEAMSJ,” BY GEORGE W. TRAYER

Distance Distance
Aotusl | Specific Actual | Specific ter to
Typa of Depth of | thlokness | gravit canter to 0 af Depth of |thigkness| gravi oen

Black No. | *3E% Type of web Bloak. | ol twa | ‘Of e |Shesrstrass oanter of Black No. Tytgu Type of web Block” | of two | ‘of web |Shear atress| canter of

webs | material blocks webs | material blooka
Pounds Pounds per
TInehes Inch aguare u’.’&' Inches Inches Inch squareinch | Inches
2 2 Pig. 2-ply 45° Bitka spruce..... 8,43 0.138 0,84 1,887 20 || 8=16cceuaaan.. Fig, 8.....| 3-ply 45° Sitka apree...... 8.40 0. 134 0. 34 758 74
] 0 do 8,43 168 .84 1,808 20 8~17. 0. do... 8.41 178 84 885 74
-6, do (L 3 8,42 .1 A4 » 20 8-18 0.. do.. 8,48 . 180 .40 968 74
B-7. do do.... 84 . 170 48 1,769 20 8~19 0.. do... 8.44 . 168 .48 1,187 74
811 do.. do.. 8,43 .1 , 4 1, 508 20 PB-1.. Fig. 4. do__ 7.55 . 250 . 88 1,080 26
[ o b J, JRISY.. [ Y do.. 8.88 170 , a8 1,518 20

The grain of all plies was at 3=45° to the longitudinal axia of the boam and the grain of 50 per cent of the material was at 90* to the other 50 per cent. All caloulations wero mads with a slide rule,
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TABLE VIIL—STRENGTH VALUES OF VARIOUS WOODS FOR USE IN AIRPLANE DESIGN
[Based on 15 per cent moisture content]

Shrinkage from pression parall Hardness,
to oven- . Statfe bending Com to g-glin ! side, load
X S%acitic gravity 1Vzaight at condition Clompres- Shearing to red
ased on volume oen, - sion per- | strength
Common and hotanical names and weight when mpoe.rmO Piber Work to |Fiber Meximam pendlcularpar parallmgl.to 0.%1%10011
oven-dry atress| stress to grain 4
conient Radial Tagglen- at Mod‘&,': f’f mdg]m“’ ‘}I maximpm | atelastic | crushing one-half Its
limigt | TP ty load Timit 19 | strength! diameter
1,000 Inch-pounds
HARDWOODS (BROAD-LEAVED SPRCIKS) Minimum | Pounds per Pounds per | Pounds per | pounds per | per cubic | Pounds per | Pounds per | Pounds per | Pounds per
. Average | permitied | cuble foot | Per cent | Per cent | square inch | square inch | square inch inch sgquare inch | square inch | sguare ina\ square inch | Pounds
Ash, black (Freaxinns nl, 0.53 0,48 35 8.0 7.8 6, 400 11, 900 1,340 143 4,080 5,400 1,260 1,050 760
‘Ash, commercis] white {Fraxinns 8p.) b..-.-.---. .62 .56 41 43 0.9 8, 900 14, 800 1,460 142 5, 250 7,000 2, 250 1,880 1,180
Basswood (Tilia glabra) .40 .36 28 6.6 9.8 5, 600 8, 600 1,260 668 8,370 4, 500 620 720 370
Beech (Fagns grandifolis) .86 .60 44 48 10.6 8, 200 14,200 1,440 18.5 4,880 6, 500 1,670 1,800 1,080
Birch (Betnla sp.) ? .68 .58 44 7.0 _65 9, 500 15, 500 1,780 18.2 5, 480 7,800 1, 590 1,300 1,100
Chaerry, black gru.nu.ﬂser ................... .53 .48 a8 3.7 7.1 8, 500 12, 500 1,330 1.7 5,100 8, 800 1,170 1,180 900
ottonwood opuJus delr.oldes ................... .43 .80 29 a9 9.2 5, 600 8, 600 1,190 7.4 3, 520 4,700 850 660 410
Elm, ((Il.j . 66 .60 48 - 4.8 81 7, 900 15, 000 1,840 19.8 5,180 6, 900 2,080 1,360 1,230
Gum, red E‘mﬂ:ﬂu& ............... . b8 .48 34 52 2.9 7, 500 11,600 1,200 10.9 4, 050 8, 400 1,190 1,100 650
Hiekory (true ckoriea ( ria sp.) $ .70 .71 51 10, 600 19, 300 1, 860 2.5 6, 520 8,700 3,100 1,440 |
Mahogany, African g 47 .42 32 48 5.5 7,900 10, 800 1,280 8.0 4,280 8§, 700 1,400 980 720
Mabogany, true (3 sp.)' .51 .48 4 3.4 4.7 8, 800 14, 600 1,260 7.8 4,830 6, 500 - 1,760 860 790
Maple,sugar Aoaraaeuham M) . arasene. .87 .60 44 48 9.2 9, 500 15, 000 1, 600 137 5, 620 7, 500 2,170 1, 520 1,270
‘comInerc whibeandred Querous .60 .62 45 4.0 9.0 7,800 13, 800 1,490 18.8 4,950 600 - 1,870 1,300 1,240
Poplar vellow fl' .43 .38 28 40 7.1 6, 000 9, 100 1,300 6.5 8, 750 000 810 800 420
Walnut, black uglzmsnm\ .56 .52 39 52 7.1 10, 200 15, 100 1,490 IL4 5, 700 7, 600 1,780 1, 000 990
SOFTWOODS (CONIFERE) ’ )
Cedar, Incense drus decurrens). . __._..._ — .38 .82 25 3.3 5.7 g,OOO 8, 700 1,020 5.6 4,820 5,400 900 650 450
Oeda.r Port. Or| r lawsoniana)___ .44 .40 30 46 6.9 , 400 1;.,000 1, 520 87 4,880 6, 100 1,080 760 520
Codsr, w 911 ) .34 .81 23 25 51 5,100 7 800 1,030 58 4,000 8,000 800 630 820
Oedar,narthe.rnwhte( hu]a dentalls) .32 .20 23 21 4.9 4, 700 8, 600 . 700 4.9 3, 040 3,800 860 410 300
Oypress, southern (Taxodium . .48 .48 32 3.9 [i %] 7,100 10, 500 1,270 77 4, 960 6, 200 1,230 720 480
Douglas fir (Psendotsnga taxifolia) ........... .51 .45 3 EO 7.8 8, 000 11, 500 1,700 81 5, 600 7, 000 1,800 810 620
Pine, Norway (Pinus r .51 .48 M 40 7.2 8, 500 11, 900 1, 560 8.9 b, 280 6, 600 1,080 870 520
Pine, sugar (Pinng ) .38 .34 28 29 56 5, 600 8, 000 1,040 44 8, 630 4, 600 810 730 370
ne, westarn white (Pinus montico .42 .88 X 4.1 7.4 6, 000 9, 300 1,310 7.0 4, 240 b, 800 760 040 as0
Ph:w,northernwhite(Pinmstmhus) .38 .34 20 22 6.0. 5,900 8,700 -1, 140 8.3 8, 840 4, 800 780 640 380 .
Sprucae (Picea sp.) 11 - .40 .88 a7 41 7.4 6,200 9,400 1, 300 7.8 4,000 5,000 840 780 440
togmtnhavebean multiplied by 2 factors

1The average values for fiber strees at elastic Hmit and modulus ot ruptore in static bending, fiber streass at elastic 1imit, and maximum trength in compreasion parallel
to obtain values for use In deaign. A statement of these factors and of the reasons for thelr nse ollows: It was thought best, in fixing upon 8 valuea for use in dealgn, to allow for th vaﬂabﬂityofwoodand the Ia.ct
that a greater number of values are below the average than shove i aud t.he most probable value (as represented by the mode of the frequency curve) was accordingly declded tpon as the basis for dealgn fignres. From
study or the ratios of most probable to average values for thres speci ruce, Douglaa fir, and white ash), 0.94 was adopted as the hest value of this ratio for general app].leauon to the propertlea in question. ’I‘he
l o t.lllllatv:ogeagmmbersed rean.neau-yl depe‘nd! on its durstion. A hotor otl.1 has been applied to test reaults fo geot valuea of the atress that can be sustained for a period of 3 seconds, it being assymed that the maximom
oad will no or & longer per|

1 The valges given are the moat bable va.lues per cent of the average) of the a t modulus of elasticity (¥.) as obtained by substitn ts from tests of 2 by 2-inch beams on a 28-{nch gpan with load at
the center l.n the formula & The use of these values of E. in th form will give the deflection of beams of ordinary length with but small eITor. For exactness In the computation of deflections of X
and box b euh.rly for s spans the formmla that takes into a.oommt shenr dstormutlons (see National Advisory Committee for Aeronsutics rt No. 180, “ Deflection of Beams with 8pecial Reference to Bhear
Derormationa la. al thbe Iuse% ohn..lsnla involveat Er, the true mo%g]tuﬁs o:g;as;!gtybm bendfng, am} F, the modgllua of glgid[g in is:w Vialu % of bam vea?bm?%d by a&dﬂ 10 perEf 07111: to 1%,'],1[3 :.E.lu?f (t)lg e ag

e I or box beam e grafn o perallel 0} of the or parallel and cular therato, as in some wel e value of F may en &8 ar o we
E:?lywoodwiththegﬂnatﬁ%otheaxisorthebeamFmaybemkanasEr/sor .[b m perpen phyw
ber stross at elastic limit in eompression parall to grain were obtained by multiplying the values of maximnm ernshing strength as given In the next columm by factors as follows: 0.75 for hard-
for coniferas. Values as given are to the neareat 10 poun:

4

4Wood does not exhibit a definite nltimate strength in com reuaionperpendtcuh , particular] whantheload edovetonlyn otthesurhee,asitisntﬂtﬂm ond the elastio limit the Joad con-
tinnes to increase slowly until the deformation and crushi bee%ma uo savere a8 to seripusly damue the vgod in other perP iy igurea in tﬂi lomn were obtained b lymg nration of strees factor of 1,17 (sea
Notav) to tha average tic imit stress and then ad cent to get de&!s:l valoes comparable to those for ben oompresslon parallal to grain, and shear as table,

thlzoolumnmforuueinoom ungmsishnoeoibeamstolonglm shear, 'I‘heymobhlnadby tip ly‘hgavengevﬂueabyom Thismctormuaedbeoamotthovarhbmtyln!h‘msthmdm

order t.hat fallure by shear may be less probable than failure from other canses, Furthermore, tests have shown that becanse of the favorable influence Bon the distribution of stresses resulting from limiting shearing
datormat tions the meximpm strength-weight ratlo and minimum variability in strength are attained when I and box heams are 80 proportioned that the ultimate shearing strength is not devaloped and fallure by shear doss
10!

¢ Includes white ash (F. americana), pennsylvmiel lanceolats), and blue ash (¥, quadrangulata)

7 Inolades swoet bimh (B hnl:a) and(_ﬁellow birch (B, Intes). a -

8 Incl ndanblglel[shq mookarnut hickory (H. albe), pignut hickory (H. glahra), and shaghark hickory (H. ovata).

* Includes material

1 Inah hite nlba , bur cheatnut oak , A ) th . s
d.asw 3 ) 'ﬁ 2 p mdy mponk (qual (Q) prinas), post oak (Q. stellata), red oak (Q. borealis), sonthern red oak (Q. rubre), laurel oak (Q. lanrifolia), water oak (Q. nigra)

‘sprnos (P. ‘whita sprace (P 0a), and Bitka spruoce (P. sitchenais),

91¢
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TABLE IX.—SC-1 AND PN-7 BOX BEAMS SUBJECTED T0O COMBINED AXIAL AND TRANSVERSE LOADING, DATA FROM UNPUBLISHED FOREST

PRODUCTS LABORATORY REPORT, “DESIGN OF PLYWOOD WEBS FOR BOX BEAMS,” BY GEORGE W. TRAYER

80-1 BEAMS
" o Mot ‘Web construotion m&
Widtn| Moan | oJis Mots) Maxt- |woions | 1000 -
Beam No.| of d’&"h V- ‘f.‘g;f i ot woiaht e oo [Actual| E I Q o v Tallure
beam | Lo | ityof [ $0 | 3 | beam | Tatlo | |G |Directlon |Num- vl
flangea of face |berof{ Species of wood . f By (1) | By (2
lies grav-|neas o
graln | p ity |2webs
1,000
Per ibs, Im rLI.‘u lpcr Lhe. per|
80-1-1 Iﬂﬁasn Ir,alc%%n 0.5 ogﬂ& 1"4% P;{%ﬂ Pounds Vertical 3 | Yellow poplar....| 0,44 Inok | ag.in. | Inchest|Inches| Inches | Lbs. | ag.in. | sq. in.
80-1-2.| 298| 750 | .88 | 9.4 [ 30| 2860 .l 3|....do il 7! Laad does not Indleate atrength of beam, Birut blook aplit.
BO-1-8..| 8.00| 758 | 88| 9,1 | 5100 | 2408 [ 213 | 11,635 | 45° 2 | Hitka spruce..| .44 [0.980 | 1,281 | 03,80 9,87 | 6,58 9,180 1,278 | 1,285 | Bivat block split, comprassion.
8Q-1-4..| 204 | 7,58 .38 | 0.5 | 4,870 | 23,81 205 | 11,890 | Vertioal. 3 | Yellow poplar...| .44 | .48 ( L1723 | 63,06 9,78 666 | 202 | 1,271 | 1,352 | Compression,
BQ-1-5._| 297 7,53 .81 9.0 4,520 23,80 194 | 10,870 | 45° 8 |..~-.do. A4 M| L210| 6278 0.74 653 | 1,885 1,200 | 1,198 0.
80-1-6..| 8,00 | 7,564 .32 9.6 4,760 | 24.36 198 | 11,110 | 45° 9 | Sitka spruce....| .48 | .280  1,809. 063.80 9.88 653 1,084 1,170 | 1,168 Do.
80-1-7_.| 209 | 7.60 31| 7.6 4,300 22,54 193 | 10,200 | 45° 2 do L33 446 | LB10} 54.35 822 6,82 | L85 615 507 Do,
80~1-8.. 2,99 | 7.60 81| 7.5 4,920 22,60 17 | 11,510 | 45° 2 do. L82| ,850 | 1,811 | 59,90 9,14 670 | 2,088 0L 876 Do,
80-1-9..| 299 | 7587 .81 | 83| 4,30 22.65 101 | 10,180 | 45° 2 do. .82| .46 1,800| 06,50 | 10,38 6,52 1,808 | 1,187 | 1,128 | Shear,
The grain of 50 per cent of the web materlal
at 00° to the other 50 ocent, Upper‘and loyv:
. were beveled, Approximate depth of
each was 1 inch. Weights Includs filler blooks.
3 bt i e o e o e
n
¥ < P made witha nf!de rule, culntlons were
i 1) g= 78
£ 15435 Loasd We=jy
L4
@De=z
PN-7 BRAMSB
PN-7-1..| 8 00| 7.78| 083 | 8.0| 5,070 | 3868 153 lg, M0 | Vertieal. 3 { Yellow poplar...| 0,46 | 0,800 | 1,456 | 78,10 | 1240 6,07 2,258 930 Q54 Comlgmalon.
PN-7-2,.| 8,00| 7,78 .38 | 82| 6450 | 88,58 167 | 17,850 { 45° 3 do A0 880 | 1,481 78,10 1240 0,07 | 3,480 9071 1,088 0.
PN-7-8._| 800| 7.78 .88 | B,2| 5750 8570 161 | 15,850 | 45°...... 2 | 8itka spruoo. ... .88 | 4060 | 1,481 78, 10| 1240 6,07 2142 837 870 Do.
PN-74._| 298| 7.78 A5 | 89| 7,800 | 46,85 158 | 10,850 | 45° 2 do. 45| 800 | 1,881 | 77,80 | 1360 6,15 | 4 708 905 901 Loosaﬂ ning of pt wood and fatlure of
anges [n cantilever,
PN-7-8..| 298| 7.70 .45 | 9,2| 7,620 4500 169 | 20,720 | 45° 2 do A8 | ,384| L878| 7Tn.72| 1351 6,17 2873( 1,205| 1,210 mtl). oV
PN-7-8..| 8.00| 7.77 A5 | 8,8 4,20 | 4204 101 | 11,620 { 45° 2 do. 45| ,212| 1,884 | 8L20| 1261 6,16 | 1,048 | 1,232 | 1,258 | Bhear,
PN-7-7..| 8.02| 7714 A7 9.4 5045 | 4422 184 | 19,400 | 45° 2 |----.do. .88 | 504 | 1,452.| 7208 | ILB4 6,801 2,%3 728 708 Bheu‘tubetweon flange and web In
cantilever.
PN-7-8..| 3.00| 7,71 .47 9,8 6,885 | 44.82 142 | 20,880 | 45° 3 do, .88 | .804] L, 445 | 77.88{ 1284 6,08 | 2362 089 088 Do,
PN-7-9_.| 800| 774 .47110,8| 4,50 | 46,87 08 | 14,070 | 45° 2 do .81 . 1,438 07 | 18.80 603 | 1,762 | 1,078 | 1,008 | fhear,
PN-7-10.| 298| 7.81 Ml 0.4 5,800 4273 128 | 17,880 | 45° 2 do, L85 498 | 1,044 | T73.00( IL7B 6.38 | 2,012 048 638 | Shear hatween flange and web in ean-
aver,
PN-7-1L.. 299 | 7.78 41| 89 5810| 43,20 184 | 18,080 | 45° 2 do, .86 9868 1,684 .27 | 1271 6,20 2102 f11 917 | Qompragsion,
PN-7-12.| 200 | 7.78 Al 9.8 4, 43,78 108 | 14,940 | 45° 2 do. .86 | .202 | L043 | 88,57 | 13.50 6,06 | 1,747 | 1, 1,102 | SBhear,
The n of 50 per oent of the wab
. material was at 90° to the other 60 par
. PN—7 Tes! loading cent. Upper and lower flanges were
R.E 7 Earsuehan ok N e
= Lt] ength. ts
N E% 02244 P o4qli2P  p3644 P gigg lo ﬂltlgr I:}lot}lél. dﬂiw} ?h mglolu
Ay r the Inslde e
R S } Blook at the strat polnte
Hinge
8 15—
L /95* - 66.8
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