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COMPRESS! TESTSI

By C. B.-NORRIS, Principal Engineer
and. P, F. McKINNall, Assistant Engineer

Summary 

This report presents the results of 575 compression tests on yellow-
poplar plywood, wherein the angle between the face grain and the applied
stress varied from 0 0 to 90 0 , in 15° increments. Two thicknesses of veneer,
1/16 and 1/32 inch, were used in making the plywood. The 1/16-inch veneer
was made into plywood of three, five and seven plies. The 1/32-inch veneer
was made into plywood of five, seven, arid nine plies. A. plywood construction
ouch that all plies were the same thickness, with the grain of adjacent plies
at right angles, was -deed in all tests, Specimens were made with heights of
1-3/S to 2-5/5 inches and widths of 2 to 6 inches, The height-thickness
ratio was between six to one and seven to one.

A preliminary series of 190 tests to determine the effects of the
width of the specimen on the compressive strength is also reported.

Introduction

In many of the structural uses of plywood, particularly in aircraft,
compressive stresses are applied at an angle to the direction of the face
grain of the material. In designing for these uses a knowledge of the
ultimate compressive strength, the stress at the proportional limit, and the
modulus of elasticity of plywood at such angles is required by the designer.
The purpose of these tests was to secure this information. It is believed
that the data presented will be useful in estimating the strength and modulus
of elasticity of wide plywood panels providing that buckling is prevented.
In addition to these data, information is being obtained, and will be dis-
cussed in a later report, on the shear and tensile strengths of specimens
matched with those used in these compression tests.

1–This mimeograph it one of a series of progress reports prepared by the
Forest Products Laboratory to further the Nation's war effort. Results
here reportea are preliminary and maybe revised as additional data
become available.
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Deseritio

The veneers used in the major series of tests (tables 2 to 7) were
rotary cut from a single yellowpoplar log and were selected from a restricted
region in that log. Thus the strength properties of each sheet of veneer
were as closely matched to those of the other sheets as wps possible. These
veneers were cut in two thicknesses, 1/16 and 1/32 inch. The veneers used
in the preliminary series of tests (table 1) were cut 1/8 inch thick from
another yellowpoplar log and a yellow birch log.

The plywood was fabricated from these veneers by the hot press method,
using Tego glue film. Each panel was made of veneers of a single thickness
and species. The 1/16- and 1/ g-inch veneers were made into 24- by 24-inch
panels of three,five, and seven plies, and the 1/32-itch veneers into panels
of five, seven, and nine plies.

The compression specimens for the initial study of the effect of'
width were obtained from the panels made of' the 1/8-inch veneers and were
all cut at an angle of 45 0 to the direction of the face grain. Each panel
yielded a number of specimens cut to heights of 2, 3, or 4 inches and widths
which ranged from 1 to 8 inches, inclusive, in 1-inch increments. The
specimens were cut sufficiently short to avoid column failure. All of the
specimens of the same construction were cut from the same panel.

The panels for the main series of tests made of the 1/16-inch veneers
and those made of the 1/32-inch veneers were each dividea into three groups
according to number of plies. Each of these groups was subdivided into
seven smaller sub groups designated A to G, inclusive.

All specimens of sub group A were cut with the face grain parallel
to the sides (and load axis). Specimens of sub group B had face grain at
15 0 to the sides, C at 30 0 , D at 45 0 , E at 60 0 , F at 75 0 and G at 900.

Three specimens of widths 2, 4, and 6 inches were cut from each panel.

The specimen number is a key to its classification; for example, the
numbering of specimen 5-E-2-3 indicates!

Number of plies ...... . ... 5

	

.	 .	 .
Sub group ............ ...„... E (face grain is 60° to load axis).

	

Width, inches	 2000	 900	 0

	

..inches	 . . ..
Panel number ...... ... . . 3 in sub . group  E

No distinction was made for veneer thickness, Hence one panel made.
of 1/16-inch veneer and another of 1/32-inch veneer bore the above number.

The heights of the specimens (dimensions parallel to' load axis) were
such that the height-thickness ratio was between 7 to 1 and 6 to _1. Exces-

sively short specimens were avoided in five-ply 1/32-inch veneer pieces by
gluing two panels together formingpanels with the grain of the two central
plies parallel.
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Only a part of each panel was cut into compression specimens. The
remainder of the panel was retained to furnish matched tension and shear
specimens.

Method of Test 1n 

All specimens in the preliminary and major programs were tested in a
manner similar to the standard Laboratory method using a hydraulic testing
machine.

According to the standard methods for compression tests in solid
wood (U, S. Department of Agriculture Technical Bulletin 479), the rate of
compressive strain is 0.003 inch per inch per minute, In testing plywood
specimens in compression at an angle to the face grain direction, it was
necessary to deviate slightly from the standard rate in order to obtain a
sufficient number of readings below the proportional limit.

On the three-, five-, and seven-ply specimens made of I/16-inch per
veneer, strains were applied at the rates of 0.007, 0.004,and0.002 inch finch
per minute, respectively. For the five-, seven, and ninply specimens made
of 1/32-inch veneer, strains were applied at the rates of 0.00G, 0.004, and

0.003 inch per inch per minute, respectively.,

A Martens Mirror compressometer with a 1-inch gage length was attached
to the specimen to measure its deformation. Figure 1 illustrates a srecimen
under test with the .compressometer attached.

The testing procedure was as follows: Immediately prior to test, the
compressometer was attached to the specimen and centered horizontally and
vertically. The specimen was then placed in the machine and centered under
the loading head. Rate of strain in inches per inch per minute and incre-
ments of load to be used were determined prior to test. An initial load,
equal to one-half of the load increment to be used was applied to the speci-
men, and initial load and deformation readings taken. Moad was then applied
at a constant rate of deformation until maximum load was reached. reforma-
tions were recorded for each increment of load, from the initial to the
maximum.

Tables and Charts

Table I presents the summarized results of the preliminary series of
compression tests on yellow-birth an6 yellewpoplar plywood at 45 0 to face
grain.

In this table, columns 1 and, 7 show the number of specimens tested
in the various width classification. The various widths are shown in
columns 2 and g . Tie values of ultimate compressive stress and ultimate

Mimeo. Noe 132g-A



•compressive load in column8 4, 5, 10, and 11 are the average values for the
tests in each width classification. The maximum deviations of individual
specimens from the Average maximum crushing strength are shown in columns
6 and 12.

Values of moisture content for each grOup of tests, columns 3 and 9,
are the average values of all the specimens within that particular group.
The moisture content is expressed as a percentage of the weight of the oven
dry plywood.

Tables 2 to 7, inclusive, present the results obtained from individual
tests of the major series. in these tables, columns 1, 7, and 13 identify
individual specimens. Fiber stress at proportional limit, maximum crushing
strength, and modulus of elasticity are shown in columns 2, 3, 4; g , 9, 10:
and 14, 15, 16 respectively.

Moisture content, columns 5, 11, and 17, is expressed as a. percenta.7e
of the oven-dry weight of the plywood.

Specific gravities, columns 6, 12, and. 18, are based on volume of the
plywood at the time of test.

Average values of fiber stress at proportional limit, maximum crush-
ing strength, and modulus of elasticity are shown in columns 19, 20, and 21,
respectively. These values, based on test data, were computed by the method
of least squares.

Column 22 presents values for rate of strain in inches per inch per
minute used in testing.

Figures 2 and. 3 present curves from data obtained in the treliminary
series of compression tests on yellow birch and yellowporlar plywood, made
up of three-, five-, and seven-ply veneer, 1/8 inch thick. The curves show
the relation of width of specimen to ultimate load. The values for plotted
curves are from table 1.

Figures 4 and 5 contain graphs that illustrate how the variation of
the angle between face grain and the applied stress affects the mechanical
properties under dismission.

Average values for plotting the curves in figures 4 and 5 are found
in columns 14, 15, 16, 19, 20, and 21, tables 2 to 7 inclusive.

Analysis of Resultt

From figures 2 and 3 it is evident that the ultimate load is not
directly proportional to the specimen width. A. straight line relationship
does exist, however, for widths greater than 2 inches, Evidently the
material near the sides of the specimen carries less than an average stress,

Mimes. Yo, 13284.

•



If wide panels are used in desigl, the slopes of the straight portions of
these curves give the ultimate compressive loads per inch of width with
sufficient accuracy.

The straight lines of figures 2 and 3 were drawn to best fit the
points plotted for each thickness of plywood. The slopes of these lines
represent the ultimate loads per inch of width for the various plvwoocl thick-

0	 nesses.

The selection of the various widths of specimens to be testea in the
major series of tests was based on the results of the preliminary series.
As evidenced by the results of the preliminary series, a straight line rela-
tionship between load and width occurs for any width of :panel greater than
2, inches, provided that buckling does not occur. Since the designer is most
concerned with plywood in relatively wide panels, it becomes necessary to
determine the strength-width ratio for the plywood of given tree and thick
ness. This determination was made for each type of plywood testea in the
major program by applying the method of least squares to the individual test
values.

In the preliminary series of tests, consideration was given only to
maximum stresses, and straight line determinations made for those stresses.
In addition to maximum stresses in the major series, however, moduli of
elasticity ana stress at proportional limit were also considered, and the
slopes were similarly determined by the method of least squares. It seems
reasonable to assume that the slopes for all three mechanical properties can
be computed on the same basis.

It is evident from figures 4 and 5 that the average stress values,
as computed by the method of least squares, agree reasonably well with those
obtained from specimens 6 inches wide. An approximate straight line rela-
tionship exists between the maximum crushing strength and the inclination
of the face grain, but such relationship does not hold for the other
properties.

Conclusions 

The crushing strengths of wide plywood panels of the types tested,
not subject to' buckling, may be estimated from the average maximum crushing
strength values given in column 20 of tables 2 through 7 in connection with
the values of moisture content at test as given in the same tables.

V

Tentatively, for plywood made of equal thicknesses of plies of other
species it appears reasonably safe to assume that the maximum crushing

4 strength varies linearly from a minimum when the face grain is inclined 900
from the applied stress to a maximum when the face grain is parallel to the
applied stress.

Mimeo. No. 132g-A.	 -5-
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