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OF COMPRESSIVE STRESS~STRAIN CURVES

By Joseph N. Kotanchik, Walter Woods
and Robert A. Weinberger

SUNMMARY

A investigation was made or' the methods of supporting
single~thf ckness specimesns 0f e2luminum=-alloy sheet materiel
in a fixturs for determination of compressive stress-strain
curves. The svecimens were supported in the fixture by
rollers, offset-grooved plates, opposite-grooved plates,
flat brass plates, or flat wooden platses.

It wes found that the measursd values of compressive
yield stress and modulus of elsgticity obtained. with the
roller supports were independent of the supporting force
applisd to the svecimen provided that a sufficient minimum
force is used to overcome initial deviations from flatness,
The stress-strain curves obtained by the use of the plate
types of support were affected by an increase in the sup-
porting force. Satisfactory stress-strain curves were
obtained with all types of support, however, when the sup-
porting force wes spproximately 45 pounds.

The fnvestigation also showed that the compression
ffxture, tha specimen support, and the single-thickness
specimens must be accurately made in order to obtain accu-
rate stress-strain curves consistently.

IWTRODUCTION

Compressive stress-stral curves for aluminum-alloy
sheet material are being obtained fn meny laboratories
throughout the aircraft Industry to provide information
on the properties of the materials used 1n aircraft. It
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is importent that the methcd for dsterminetion of the curves
be reliable, accurate, and relatively simple. 2rong the s
various methods vproposed, ths single-thjickness wethod
introduced by W. P. Konigomery of Vought-Sikorsky Aircraft
apneered to he the most promising. In the method proposed

by Montgomery end further dsveloped at the Aluminum

Research Lsboratories of the Aluminum Compeny cf America,

a fixture was used for supporting a single thickness of

sheet material so as to prevent oickling. (See reference 1.)
In this ffxture, closzly spaced rollers on sach side of

the specimen provided leteral sunport and permitted
shortening of the specimen under load. In order to

simplify the Montgomery typs of compression fixture, the
National Bureau oi Standerds substituted solid brass

plates lor the rollers. (Ses referencs 2.)

In exmerimentel work et the Langlsy structures
resesrch laborstery, in which the single-thickness method
and e comprezsion fixture similsr to those of references 1
and 2 were used, great difficulty wes encountered in
congistently obtaining accurace stress-strein curves. It
was therefore decided to make g thorough investigation of
the single-thickness mesthod of determining compressive
stress~-strain curves for thin sheet material. Verious
tyres ol supvort were used In the compression fixture and
stress-strein curveg woere obtained for specimens tThat
were supported with different values of supporting force.

SPECIMEN SUPPORTS AND COMPRESSION FIXTURE

In the single-thiclmess method, the function of the
compression fixturs is to support a specimen of’ thin sheet
material so that the stress-strsin curve obtained is the
same as would be obtained for an unsuwnported specimen or’
the same material heving such proportions that buckling
could not occur. The degree to which the compression
fixture fulfills its function depsnds largely on the per-
formance of the supports, such as the rollers or flat
brass plates, that, come into contact with the specimen.
For ideal perfcrmance, the supports should hold the
svecimen straight but should. not resist changes 1in length,
thickness, or width of the specimen.

Rollers, grooved brass plstes, flat brass plates,
and flat wooden plates were used in the present investi-
gaticn for supporting the specimens, These supports are
shown in figure 1 and sre described as follows:
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(1) Steel rollers = In the roller type of support,
25 hardened steel rollers 0.0925 inch 1n diasmeter and
spaced 0,10 inch supported the specimen on each side,
The rollers were supported at their conical ends by spring-
brass plates that permitted the rollers to roll downward
as the specfmen shortened during loading.

(2) Groeved brass plates — Two types of grooved brass
plate were included in the investigation. In the first
type, the grcoves of one plate were opposite the grooves
of the other plate end, in the sscond type, the grooves
of one plate were offset so as to be opposite the crests
of the other plate (fig, 2). With the offset-grooved
plates, there is less rosistance to increase of specimen
thickness during loesding thsn there is with the opposite=-
grooved plates. Both types of grooved plete were lubri-
cated with a heavy grease (Marfax No, 2).

(3) Flat brass plates = The bress plates were machined
to & smooth flat finish, The plates were lubricated with
grease in one series of tests and with s mixture of
grephite end oil in another seriss,.

(L) Plat wooden nlestes = The plates were made of
hardwood (meple) finished to a smooth flat surfece and
were lubrfcated with a heavy grsase (Marfax No. 2),

The various types of support were used in the com-
pression fixture that is shown in figure 2. The fixture
is composed off a steel holder that fs mounted on a hardened
steel base and into which are fitted two stesl blocks.
One of the steel blocks is cylindricsally secated to meake
it self-elining, and the other is a sliding block thsat
permits adjustment of the compression fixture for specimens
of various thicknocsses, The test specimen and the supports
that come into contasct with the svecimen ere inserted
betwee 1 the self-alining end the sliding steel blocks.
A leeding screw acting upon a loading plzste provides a
means of enplying the supporting load to the supports for
the specimen.

=3
{x}
i
3
[#2]

Specimens 0.53% inch wide, 2.53% inches long, and
0.064 inch thick were cut from one sheet of 2LS-T aluminum
alloy with the grain of the sheet perasllel to the direction
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of logding. These specimens were tested in the compression
fixture with the four types ol sunport and the four values
of supporting force shovm in teble I,

During routine testing for investigations other than
the vresent investigetion it was sometimes observed that
for specimens of high-strength materisgl, 0.5% inch wide,
there was evidence of bending in the plane of the specimen.
It wes tliersfore decided to Increase the width of the
specimens to 0.80 irch. The substantial incresse in width
from 0.5% to 0,80 ircnh was selected in order that the
sneclmens might be of suiteble dimensions for testing not
only the aluminum alloys with comnressive yield stressses
of aporoximately 60 to 80 ksi in current use but also for
testing allovys that mey be developed with even higher
yield stresses. '

Soecimens of 2L,8-T and R301-7 sluminum slloy 0.50 inch
wide, 2.51 inches lorg, and 0.06l inch thick were tested
with rollers =nd oficst-grooved plateg as supports and
with the seme velucs of supocorting force thst were used
for the 0,5%-irch-wice snecimens, (See takble II.)

Examination of colum curves for 248-T and R3Z01~T
alurminum slloys indicatec that buckling between rollers

3

cimens of thin sheet materiel., Tests
de ol C.&0-inch-wide specimens of

8-T and 0.020-inch-thick R301-T alumi-

5
micl.t occur Tor s

0.025~inch~thick 2.48-T

nun £llov supportsd in the compression fixture with roller
supnorts. Similsr speciumens supported by coffset-grooved
plates wesre tested for comparison.

In &ll the tests, strains were measured on the two
free edges of esch specimenrn by Tuckerman optical strain
gages ol l-inch gage length. Figure I, shows the com-
pression fixture with swecimen and strein geges in position
bzfore the teat.

RESULT3 AND DISCUSSION

{2

The tests showed that the stress-strain curvss obtained
from single-thickness specimens were dependent on the type
of support used in the compression fixture, on the magni-
tude of the supporting force apnlisd to the specimen, &nd
on the Juslity of the test apparatus end the test specimen,
The amount by which the messured values of compressive
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yield stress end modulus of elesticity varied with the
type of support and the magnitude of the supporting force
is fllustrated in teble I and in figure 5 for the 653—
inch-wide specimens and in table II and in figure 6 for
the 0,8C-inch-wide specimens. Theze tables and figures
show that:

(1)The values: of compressive yield stress obtained
from tests with the roller type of support were independent
of the magnitude of the supnorting force. Sor supports
other then rollers, the measured yield stress increzsed
as the supporting force initially applied to the specimen
was increessea. The grestest increase was obtained wfth
the flat wooden plates.

(2) The values of compressive modulus of elasticity
obtained from tests with the rollers arid with the offset-
grooved. plates were independent of the supporting force,
For supports other tnan rollers ana offset-grooved plates,
the values of the modulus or elasticity incressed as the
supporting force was Increased. The greatest, increase
was obteined with the flat brsss plates lubricated with
Merfax No. 2.

(3) The stress-strain curves for specimens supported
by other than rollers were distortad by increassing amounts
as the supporting force was increased. The distortion was
greatest for specimens sunported by flat brass plates or
by flat wooden nlates. As an example of the distortion
which occurred, figure 7 shows that the compressive yield
stress, the proportional limit, the compressive modulus
of elasticity, and the initial part of the stress-strain
curve were chsnged when the specimen was supported between
flat bress plates end the supporting force was increased
from 22 to 380 pounds.

The stress-strain curves that were obtained for the
roller type of support were mora sccurate thsam the curves
obtained for the other tymes of support. The roller type
of support, however, is more difficult to construct than
the other types and must be constructed with precision to
ensurs accurate results. This fact was emphasized in the
vressent investigsation when one insccurately constructsd
roller support had to be discarded beczuse of the
unreliable test results that were obtained. The flat-
plate and groovad-plate tyves of support are easier to
construct than the roller type but more care must be
exercised in their use to obtein an accurate stress-strain
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curve for the materlal When the supporting force was in
the renge of 22 to L5 pounds, the results obtained wlth.
the flat-plate or grooved-plste supports agreed very
closely with the results obtained with the rollers. These
results are illustrated for the offset-grooved plates by
the typicel stress-strain curves given 1n figures 8 arid Qe

The results of the tests of 0.80~inch-wide spscimens
with roller support indicated that a supporting force of
22 pounds was inadequste. Although there was no evidence
that the 0.020~inch-thick specimens buckled between rollers
as the column curves had indicated they might, examinsation
of these specimens after test revealed buckles of wave
length grester than the spacing of the rollers. It is
bzlieved that this buckling occurred kecause the supporting
force of 2Z nounds was insuflicient to remcve the slight
devietions from flastness that uuua1lv vx¢ut in the speci=-
mense. With a cupporting ferce of 47 pounds, satisfactory
stregs-strein curves were obtained consistently with all
tyoes of sunport. The huckling of the rollsr-supported
specimens as described indicates that, withoubt sufficient
suprorting force, the roller-supported specimens may give
unsatisfactory stress-stralin curves.

The present investigation and subsequent routine
laboratory tesgts showed that accurate stress-strain curves
could not be obtained consistently unless the fixture and
specimens were accurately made. Varistions in the test
results were caused by specimen defects or inaccuracies
such. as ends not parallel, not flat, or not perpendlcular
to the longitudineal axis of the specimen; free edges of
the specimen not streight and parallel; and faces of the
specimen scratched or marred so that interference occurred
with shortening of the speclmen. The accuracy or" the
single~thicknees specimen is so importent that production
of the specimens by a2 punch and die or by a shearing
process is not recommended even 1f it can. be shown that
the material properties are not appreciably affected by
the cold work in these processes,
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CONCLUSIONS

An investigation was made of tiie methods of supporting
single-thickness specimens of aluminum-alloy sheet material .
in a fixture for determination of compréessive stress-strain
curves. As a2 general conclusion, the results showed that
for the roller tyve of support thz accuracy of the stress-
strain curves obtained was independent or the supporting
force used. Plate %types of support, however, also gave
satisfactory results provided that the supporting force
anolied to the specfmen was approximately L5 pounds.

For the types of sunport and vzslues off supporting
force used, the following detailed conclusions wers drawn:

1. The values of compressive yield stress obtafned
from tests with roller sunports were independent of the
sunporting force. For supports other than rollers, the
yield stress increased with the supporting force and was
largest in tssts with flat wooden vlates.

2. The values of compressive modulus of elssticity
obtafned from tests with rollers and offset-grooved plates
were independent of the supporting force. TFor supports
other than rollers and offset-grooved plates, the com-
pressive modulus or elasticity increased with the sup-
porting force.

2. As the supporting force was Increased, stress-
strain curves obtained with plate types of supports were
distorted and the compressive yield stress and modulus

of elasticity were raised by increasing amounts.

li. A suvporting force sufficient to overcome the
8light devistions from flatness that usually exist 1n
the specimens must be used.

5. The compression ffxture, the specimen supports,
and the single-thickness specimens must be accurately
made,

Langley Memorial Aeronautical ILatoratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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(a) Steel rollers

(c) Fiat brass plates. (d) Flat wooden plates.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure [ .-Types of support used in the fixture for determination of compressive
stress- strain curves.
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2 7, " X 0.53-inch-wide

specimen

: 0.80-inch-wide
L specimen

(b) Offset-grooved brass plates.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 2.- Opposite-and offset-groaved supporting plates.
Sections are perpendicular to direction of load

application.
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Moflulus of elosticity,E, kei

48— Flat wooden plates
- A pposite-groovedbmss plates
1]
X
3\ 46)—- Flat brass plates (Marfax No.2)
g
g Ftat brass plates (gmphits and oil)
2 8
B 44 ~—Rollers
2
2
P =
42—
P i S BT B SEN
0 100 200 300 400
Supporting force, Ib
11400 |— /— Flat brass plates {Marfax No.2)
A4
n /A Flat brass plates (graphite and oil)
11,000 }— = \— Flat wooden plates
- = Opposite-grooved brass plates
- —6
1080} - \—Roller:
LT O M S
0 100 200 300 400
Supporting force, [b NATIONAL ADVISORY

COMMITTEE FCR AERONAUTICS

Figure 5.~ Influence of type of support and supporting force on compressive
yield stress and modulus of elasticity. 245-T aluminum alloy 0.064
inch thick and 0.53 inch wide. d
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Figure .- Influence of type of support and supporting form on
compressive yield stress and modulus of elasticity.
Specimens 0.064 inch thick and 0.80 inch wida.
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