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DESIGN OF PLYWOOD WEBS IN BOX BEAMSla

Introduction

This progress report supplements the information contained in "ANC Handbook
on Design of Wood Aircraft Structures," July 1942, Sec. 2.72, on the allowa-
ble shear in plywood webs. The data upon which this information is based
were obtained from tests of 52 box beams (table 1). The beams were 10.5
feet long, either 4 or 5 inches wide and 12, 13.5 1 .or 18 inches deep. They
were loaded at the third points of a 10-foot span. The beam webs were made
of three-ply 1:2:1 plywood with the grain of the adjacent plies at right
angles and the grain of all plies inclined 45, to the axis . of the beam. Ply-
wood thicknesses varied from 1/16 to 1/4 inch. Stiffener spacing varied
from 4 to 40 inches.

It is believed that the method of calculating the allowable (ultimate) shear
strength of plywood webs proposed herein is safe for the range of variables
covered thus far in this program. It is also believed that the curves
obtained will apply reasonably well to other plywood constructions and anglea
of grain. It is suggested therefore that the proposed procedure be substi-.
tuted for that given in the ANC Handbook.

Description of Beams

The box beams were made with yellow-poplar plywood webs glued to Sitka
spruce flanges with Plaskon No. 250-2, a cold-setting urea7formaldehyde
resin glue.

Webs consisted of three alternate plies of veneer, 1:2:1 thickness ratio,
with the grain in contiguous plies at right angles and the grain in all
plies inclined 45 0 to the beam axis. The grain of face plies in about half
of the beams sloped upward from the reactions towards the load points (nega-
tive grain) and in the remainder of the beams the slope of the grain of the
inner plies was in that direction (positive grain). The plywood was made
from commercial veneer which was cut, taped, conditioned, and glued with Tego
No. 2 film in a hot-press at the Laboratory.

1The investigation here reported was planned and conducted by . M. O. Withey,
'with the assistance of various other staff members of the Forest Products
Laboratory, including W. S. Cottingham, E. R. Davley, W. C. Levis, P. G.
Pluck, H. R. Puckett, and E. W. Euenzi.

2This is one of a series of progress reports issued by the Forest Products
Laboratory as background material for the design data presented in "ANC
Handbook on Design of Wood in Aircraft Structures." Results here reported
are preliminary and may be revised as additional data become available.
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Flanges were cut from selected planks about 3_inches thick and 7 to 13 inches
in width, which in turn had been saved from logs at the Laboratory.

In beams lA to 4B (table 1) solid filler blocks were placed at load and
reaction points. The blocks in the "A" beams were of maple with the grain
vertical, had rounded ends, and were free to rotate in the plane of the
loads. The blocks in the "B" beams were of Sitka spruce with the grain
horizontal. They had square ends and were glued to both flanges and webs.
Ends and load blocks in other beams were built up as indicated in figure 1.
These built-up blocks with birch sides and caps proved satisfactory and
were much lighter than the solid Sitka spruce blocks.

Stiffeners of solid or built-up type, figure 1, were used in many of the
beams. Of the various types tried, those made with four vertical side rails
tied at the top, middle, and bottom with 1/8-inch transverse plywood webs
(fig. 1, beam 38) were most effective. These were proportioned to provide
sufficient end bearing area and column strength to hold the flanges apart, '
adequate glue area for fastening the webs, and enough rigidity to stiffen
the webs against buckling. Stiffeners of this type made a much tougher web
reinforcement than did the solid 1/4-inch Sitka spruce stiffeners which
were of like weight, but lacked adequate edge glue areas.

Methods of Testing

-Beams were loaded at the third points of a 120-inch span (figure 2) at
A.S.T.M. standard rates of speed in predetermined increments. Head speed
for the 18-inch beams-was 0.096 inch per minute, for the shallower beams
it was 0.138 inch per minute. During the initial stages of a test, load-
ing, was stopped while readings of deflections and strains were taken. When
a beam began to thov signs of distress l istrain reading devices were removed
and then the beam was continuously loaded to failure at the previously men-
tioned rate, taking center deflections and corresponding loads on "the run."
Soon after failure moisture content determinations on specimens cut from
the flanges and webs were made.

Minor specimens consisting of 1 by 1 by 16-inch prisms were taken from the
flange materials and tested as beams over a 14-inch span. Compression tests
were also run on 1 by 1 by 11.-inch prisms cut from the ends of these small
beams. From the plywood of the webs, or from corresponding material, small
specimens with grain parallel to their long-axes and others with the grain
normal to their long axes were cut and tested in bending, tension, and com-
pression. Moisture content determinations were also made on samples from
the minor specimens when they were tested. The compression tests were made
on 1 by t by 4-inch specimens which were prevented from bending laterally
by flexible fins normal to and closely spaced along both 1 by 4-inch faces.
Shear tests on small plywood panels are in progress.

Rept. No. 1318	 -2-



n••-n-•n•

Analysis  of Results 

The principal data from these tests pertaining to the allowable (ulti-
mate) shear in the beams and the average results from bending, tension, and
compression tests on plywood minor specimens are given in tables 1 and 2.
A study of the data in table 1 plotted on a diagram similar to figure 2-19, p:
53, of the "ANC Handbook on Design of Wood Aircraft Structures" showed a wide-
spread in the data points for panels differing materially in the ratio of the
unsupported lengths of their sides.

The foregoing study led to the plot of figure 3. This figure shows the influ-
ence of the ratio of the unsupported length of the short side (a) to the
unsupported length of the long side (b) on the fau vs. a relationship for

F5A.5
the webs of these box beams. In preparing figure 3, values of fail were calcu-
lated from the ultimate loads for the beams; values of F 1345 were computed from
the tensile and compressive strength tests made on plywood minors; a and ao
were determined by the procedure in Sec. 2.721 of the Handbook using plywood
minor test data wherever needed. The ratio of the short to the long dimension
of the rectangular panel in shear is a/b. The lower set of curves represents
the influence of the 2: ratio on shear strength, when the short dimension (a)

was vertical (parallel to the transverse load on the beam), the upper set of
curves shows the effect when the short dimension was horizontal.

In the plotting of figure 3, points for beams which failed due to weakness of
flanges, obvious defects in plywood, or defects in construction were omitted.
Points for beams 12, 13, 14, 15, and17 havtg a ratios greater than 4, shown

ao

at the right in figure 3, are in good agreement with the extended lines.

Essential details involved in making computations for figure 3 are presented

in the sample computations appended.

Conclusions

Figure 1i, which shows only the empirical curves of figure' 3, can be used to
compute the allowable (ultimate) shear stress in plywood webs of 1:2:1 con-
struction with the grain of adjacent plies at right angles and the grain of
all plies at 45° to the beam axis.

For thin beam webs constructed and stiffened similarly to those tested,
the data show the significant increases in web shear resistance that can be
secured by reducing the spacing of stiffeners or diaphragms. Such web rein-
forcement serves the important dual purposes of holding the flanges apart
and stiffening the web. Therefore, the minimum stiffener spacing compatible
with economy should be used.

Rept. No. 1318	 -3-



For web panels of a given a ratio those made with negative grain possess

greater shear strength than similar panels with positive grain.

The data-for beams lA to 4B (table 1) indicate that fixing the end-blocks
and load-blocks had relatively little influence on the shear strength of
beams of the types tested. 	 -

APPENDIX

Sample Calculations

The following procedure who-used in determining the position of the points
in figure 3. After studying the minor test data, it was decided that the
average minor test values for a given thickness of plywood from a given
source of veneer represented more truly the webs of the various beams made
with than plywood than did the average values from individual beams (see
columns 33, 35, 37, 39 of table 1). Hence the averages given in table 2
were used in calculating EL and Fe e (=F1045 herein). Values of El and E2
were averaged before computing EL (table 1, column 44). The effects of
corrections for differences in moisture content of beam webs and minors
were studied and, after due consideration, omitted in determining 7 1345 and
EL. The average of the moisture contents of the beam webs was 7.4 percent,
of the minors 6.6 percent.

Sample Computations

Symbols	 (ANC where possible)

a = the length of the short side of the panel (the distance between flanges
or stiffeners whichever is smaller) in inches.

0.0. = the Width of :a hypothetical panel of length b which will buckle at a
shearing stress of Fee, in inches.

b = the length of long side of the panel, in inches.
b' = 1/2 the distance between buckle ridges in an infinitely long panel,

measured parallel to the b side, in inches.

In this connection it is of interest to note that the average ultimate com-
pressive strength of yellow-poplar parallel to the grain (U.S.D.A. Tech.
Bul. 479) at 12 percent moisture is 5290 pounds per square inch. For 7.4
percent moisture the corresponding value is 7150 pounds per square inch.
The proportional limit in compression perpendicular at 7.4 percent mois-
ture would be about 725 pounds per square inch. Hence 1:2:1 plywood of
this material would be expected to have Faa of half the sum of these values
or 3940 pounds per square inch. The average of all the compression minors
was 3880 pounds per square inch.

Rept. No. 1318	 -4-
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EL

FT

Ei

E2

(Fcu)a

(Fcu)b

(Ftu)a

F0

fc

ft

fsu

Cc
Ct
Ks
lisCO

Pu

tv

(rtu ) b =

= modulus of elasticity of wood in the direction parallel to the
grain, in pounds per square inch.

= modulus of elasticity of wood in the direction tangential to the
annual growth rings, in pounds per square inch.

= effective bending modulus of elasticity of the plywood when the
grain of the face plies is parallel to the span, in pounds per
square inch.

= effective bending modulus of elasticity of the plywood when the
grain of the face plies is perpendicular to the span in pounds
per square inch.

= ultimate compressive strength of plywood with grain of face plies
parallel to the stress, in pounds per square inch.

= ultimate compressive strength Of plywood with grain of face plies
perpendicular to the stress, in pounds per square inch.

= ultimate tensile strength of plywood with grain of face plies
parallel to the stress, in pounds per square inch.

ultimate tensile strength of plywood with grain of face plies
perpendicular to the stress, in- pounds per square inch.

= allowable (ultimate) stress for plywood in shear, in pounds per
square inch, where e is the angle of the face plies from the
horizontal.

= calculated maximum stress
pounds per square inch.

= calculated maximum stress
pounds per square inch.

= calculated unit shear stress, in
mum load	 VMax(I

It
moment of inertial L of the

neutral axis, in.4
distance from neutral axis to
distance from neutral axis to
shear constant for the panel.
shear constant for an infinitely long

ultimate load on beam, in pounds.
statical moment4- of the area external to shear section about the

neutral axis, in.3
total thickness of the webs, in inches.
thickness of single web, in inches.
total shear, in pounds.

in compression flange Mmax Cc/I -, in

in tension flange = Mm Ct/I., in

cross

pounds per square inch, at maxi-

section of the beam about its

extreme fibre of compression flange.
extreme fibre of tension flange.

panel.

4
-The area of the webs was transformed by using the modular ratio 1/4 (see

ANC Handbook, Sec. 3.1151) both in locating the neutral axis and in
calculating I and Q.
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Calculations for Beam 18

Calculations from Minor Test Data for Fse = FE04.5

(-table 1, col. 41):

From formula 2:30 in "ANC Handbook"

Fs = 1     

\) sin2 20 + CO8 ZO

7872 
( 1	 1

(Ftu )2	 TicTIT2
a or b	 b or a

When 0. 45" 'this reduces to

(Fcu)a	 or	 (1)

(
(F..). )2
7;7;

(For.)b
Fs4, 	

(Fcu)b
17;;T:

depending on the direction of the grain.

Herein 0 is taken positive when the grain of the face plies is parallel to
the diagonal tension in the web. Hence equation (2) would be used for this
case (positive grain) and equation (1) for the other case (negative grain).

Fee = F845 =

(2)

For beam 18 the web grain
and (Ftu)b is 9400 pounds

4o6o
7 F134, =

is negative, hence from table 2 (F cu) a is 4060

per square inch and equation (1) becomes

= 3720 pounds per square inch

(+ lo6o

Calculations from Minor Test Data for EL (table 1, col. 44):

For plywood with the grain of adjacent plies mutually perpendicular and made
from rotary-cut veneer:

E
El 	E2 EL	

gL
	 (3)

From table 2-5 "ANC Handbook"

Em 
=- 0.037.

EL
Rept. No. 1318
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The averages of the values of El and E2 for the 1/16-inch plywood are

1.595 x 106 and 0.236 x 106 pounds persquare inch respectively.

	

= (1.595 + 0.236) 10° Therefore EL

	

	= 1.766 x 106 say 1.770 x 106 pounds
1.037

per square inch.

Calculations for f and feu (table 1, col. 43):

	

su	
F845 

The value of fffu was calculated from the beam data from the equation
VQPug=
It •2It

For beam 18, Q = 17.21 in. 3 , I = 193.0 in.4 
t 0.117 in., and Pu = 5485 pounds.

Hence film =  5485 I 17.21 
2 x 193 x 0.117

= 2090 pounds per square inch

Then fsu	 2090 = 0.562.
Fs45
	 3720

Calculations for ao and A- (table 1, col. 42):
ao

From the "ANC Handbook" formula 2:45

fsu (10

ao = tv

( 

El. ?./2

Ks Fs (5)

For 1:2:1 plywood, figure 2-17(b) in the ANC Handbook gives Kew = 0.95
for positive grain and Is m = 3.21 for negative grain; also, from the same

figure /31= 1.128 for positive grain and 1.695 for negative grain. For
a

beam 18, a = 8.75 inches parallel to flanges, b = 10.55 inches clear depth

between flanges, a = 0.829, tv = 04154 inch. The grain is negative.
b

Hence Y= 1.695 and b' = 1.695 x 8.75 = 14.83 inches.
a

b = 10 .25 = 0.711
St 14.85

From figure 2-14 of the Handbook

Is = 2.04 and KG = 3.21 x 2.04 = 6.55
Ks co

(6.55 x 1.770 x 106 )1/2Therefore ao = 0.054

	

	 = 3.01 inches and
3720

a = 8.72 = 2.91
ao	3.01
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