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SPECIMENS   IN   a FIXTURE  FOR  DETERMINATION 

OP   COMPRESSITE  STRESS-STRAIN  CURVES 

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

SUMMARY 

Al  investigation  was  made   or" the  methods   of  supporting 
single-thfckness   specimens   of  aluminum-alloy  sheet  material 
in  a fixture   for determination   of  eompressive   stress-strain 
curves.      The   specimens  were   supported  in  the  fixture  by 
rollers,   offset-grooved plates,   opposite-grooved  plates, 
flat  brass  plates,   or flat  wooden plates. 

It  was   found that   the  measured  values   of  eompressive 
yield  stress   and modulus   of elasticity  obtained,  with  the 
roller   supports were   independent  of  the   supporting force 
applied  to  the   specimen 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 was   approximately 45  pounds. 

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

INTRODUCTION 

Compressive   stress-straBi   curves   for aluminum-alloy 
sheet material  are  being  obtained  fn many  laboratories 
throughout  the   aircraft  Industry  to provide   information 
on the  properties   of  the materials  used  in   aircraft.      It 
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is   important  that  the method for  determination  of  the   curves 
be  reliable,   accurate,   and relatively   simple.      ß^ong   the 
various  methods  proposed,   the  stogie-thickness  method 
introduced by W.   P.   Montgomery   of Vought-Sikorsky  Aircraft 
appeared  to be   the  most  promising.     In  the method proposed 
by Montgomery   and  further  developed   at  the  Aluminum 
Research Laboratories   of  the   Aluminum Companj of  America, 
a fixture  was   used  for   supporting  a  single  thickness   of 
sheet material   so  as   to prevent   buckling.      (See   reference   1 .) 
In this  ffxture,   closely spaced rollers   on each side   of 
the   specimen provided  lateral  support   and permitted 
shortening  of the  specimen  under   load.     In   order  to 
simplify the  Montgomery  type   of  compression  fixture,   the 
National  Bureau  of Standards   substituted  solid brass 
plates   lor the  rollers.       (See  reference  2. ) 

In  experimental work  at  the   Langley  structures 
research laboratory,   in which  the   single-thickness method 
and  a compression  fixture   similar  to   those   of references   1 
and 2 were  used,   great   difficulty was   encountered  In 
consistently  obtaining  accurate   stress-strain  curves.     It 
was   therefore   decided  to make   e   thorough Investigation  of 
the   single-thickness  method  of  determining  compressive 
stress-strain curves   for  thin  sheet material.     Various 
types   of  support  were  used in  the   compression  fixture   and 
stress-strain  curves  were   obtained for  specimens   that 
were   supported with different  values   of  supporting  force. 

SPECIMEN SUPPORTS   AND  COMPRESSION FIXTURE 

In the   single-thickness method,   the   function of  the 
compression  fixture   is   to  support   a specimen  of thin   sheet 
material  so  that   the   stress-strain  curve   obtained  is   the 
same   as  would be   obtained   for   an  unsupported  specimen   or" 
the  same material having   such proportions   that  buckling 
could not  occur.     The  degree   to   which  the   compression 
fixture  fulfills   its   function depends   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  performance,   the  supports   should  hold  the 
specimen   straight   but   should, not  resist   changes   in length, 
thickness,   or width of the  specimen. 

Rollers,   grooved  brass  plates,   flat  brass  plates, 
and flat  wooden  plates   were  used  in  the  present  investi- 
gation  for  supporting  the   specimens,      These   supports   are 
shown in figure   1   and  are   described  as   follows: 
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(1) Steel rollers   -  In  the  roller  type  of   support, 
25 hardened  steel rollers   0,0-925   inch in diameter   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 

plates,   there   is   less  resistance   to  increase   of  specimen 
thickness   during  loading  than  there   is  with the  opposite- 
grooved plates.     Both types   of  grooved plate  were   lubri- 
cated with   a heavy  grease   (Marfax No,   2). 

(3)   Plat  brass  plates   -  The  brass  plates  were machined 
to  a  smooth flat  finish.     The  plates   were   lubricated with 
grease in   one  series   of   tests   and  with  a  mixture   of 
graphite   end oil  in  another   series, 

(l±)   Flat  wooden olstes   -  The plates   were made   of 
hardwood   (maple)   finished to   a   smooth flat   surfece  and 
were   lubrfcated with  a heavy grease   (Marfax No.   2), 

The  various   types   of  support were  used  in  the  com- 
pression   fixture  that  is   shown  in  figure   3»     The   fixture 
is   composed  of   a  steel holder  that  fs mounted  on   a hardened 
steel base   and into  which  are   fitted   two   steel  blocks. 
One  of  the  steel   blocks   is   cylindric.al.ly   seated to make 
it  self••-alining,   and  the   other   is   a sliding  block  that 
permits   adjustment   of  the   compression  fixture   for  specimens 
of various   thicknesses.     The  test   specimen   and the  supports 
that   come   into   contact with the   specimen   ere  inserted 
between   the   self-alining   end the  sliding  steel  blocks. 
A loading screw   acting upon   a loading  plate  provides   a 
means   of   applying  the  supporting   load  to   the   supports   for 
the  specimen. 

imc 

Specimens   0.53   inch wide,   2.53  inches   long,   and 
0.064   inch thick were  cut   from  one   sheet  of 2i).S-T   aluminum 
alloy with the  grain   of   the  sheet parallel  to  the   direction 
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of loading.  These specimens were tested in the compression 
fixture with the four types of support and the four values 
of supporting force shown in table I. 

During routine testing for investigations other than 
the present investigation it was sometimes observed that 
for specimens of high-strength material, 0.53 inch wide, 
there was evidence of bending in the plane of the specimen. 
It was therefore decided to increase the width of the 
specimens to 0.80 inch.  The substantial increase in width 
from 0.5$ to 0.80 inch was selected in order that the 
specimens might be of suitable dimensions for testing not 
only the aluminum alloys with comoressive yield stresses 
of approximately oO to So ksi in current use but also for 
testing alloys that may be developed with even higher 
yield stresses. 

Specimens of 2L.S-T and R301-T aluminum alloy 0.80 inch 
wide, 2.51 inches long, and O.06I4. inch thick were tested 
with rollers and ofi'sat-grooved plates as supports and 
with the same values of supporting force that.were used 
for the 0» 53"ir,oh-w:.c.e specimens,  (Sea table II.) 

Examination of column curves for 2I4.S-T and R301-T 
aluminum alloys indicates, that buckling between rollers 
might occur for specimens of thin sheet material.  Tests 
accordingly were made of 0.80-Inch-wide specimens of 
0.025-inch-thick 24S-T an.d 0.020-inch-tnick RJOl-T alumi- 
num alloy support3d in ehe compression fixture with roller 
supports.  Similar specimens supported by offset-grooved 
plates were tested for comparison. 

In all the tests, strains were measured on the two 
free edges of each specimen by Tuckerman optical strain 
gages of 1-inch gage length.  Figure I4. shews the com- 
pression fixture with specimen and strain gages in position 
before the test. 

RESULTS A1TD DISCUSSION 

The tests showed that the stress-strain curves 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 applied to the specimen, and 
on the quality of the test apparatus  and the test specimen. 
The amount by which the measured values of compressive 
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yield  stress   and modulus   of  elasticity varied with the 
type  of  support  and  the magnitude   of  the   supporting force 
is   fllustrated  in  teble   I  and in  figure  5   for  the  0.53- 
inch-wide  specimens   and  in table  II   and in  figure  6  for 
the   0,80-inch-wide   specimens.      These   tables   and figures 
show that: 

(l)The  values:  of  compressive  yield  stress   obtained 
from tests  with the   roller   type   of  support  were   independent 
of  the  magnitude   of  the  supporting   force.      $or   supports 
other  then rollers,   the measured yield  stress  increzsed 
as   the  supporting  force  initially  applied  to  the   specimen 
was   increased.     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  Yirere   independent   of  the   supporting  force, 
For supports   other  than   rollers  ana offset-grooved plates, 
the  values   of  the modulus   or'   elasticity  Increased  as   the 
supporting force  was   Increased.      The   greatest,  Increase 
was  obtained with the  flat  brass   plates   lubricated with 
Marfax No.   2. 

(3) The   stress-strain   curves   for specimens   supported 
by other   than  rollers  were   distortad by increasing   amounts 
as   the   supporting  force  was   increased.     The distortion was 
greatest   for specimens   supported by flat  brass  plates   or 
by   flat wooden plates.     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  brass  plates   and  the  supporting  force was   increased 
from 22  to  38O  pounds. 

The   stress-strain curves   that  were   obtained   for the 
roller  type   of support were more   sccurate  than   the   curves 
obtained  for  the   other  types   of   support.      The  roller   type 
of   support,   however,   is  more   difficult  to   construct   than 
the   other types   and must  be   constructed  with precision to 
ensure   accurate  results.      This   fact was   emphasized  in  the 
present   investigation when one   inaccurately  constructsd 
roller support had  to  be   discarded because   of the 
unreliable   test   results   that  were  obtained.     The flat- 
plate   and groovad-plate   types   of support   are   easier  to 
construct   than  the   roller type   but more   care  must  be 
exercised  In   their  use   to  obtain   an   accurate   stress - strain 
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curve  for  the  material,     When  the   supporting force  was   in 
the  range   of  22  to Ij-5  pounds,   the   results  obtained with, 
the   flat-plate  or  grooved-plsfce   supports   agreed very 
closely with  the   results   obtained with the   rollers.     These 
results   are  illustrated   for  the  offset-grooved plates   by 
the   typical  stress-strain   curves   given  in  figures   8  arid 9» 

The results  of the  tests  of 0.80-inch-wide  specimens 
with roller  support  indicated  that  a supporting force   of 
22 pounds  was   inadequate.     Although there  was no  evidence 
that  the   0,020-inch-thick  specimens  buckled  between rollers 
as   the   column  curves  had  indicated  they might,   examination 
of  these   specimens   after  test  revealed   buckles   of wave 
length greater  than  the  spacing  of  the  rollers.     It   is 
believed  that  this   buckling  occurred because  the   supporting 
force  of 22 pounds  was   insufficient  to   remove  the   slight 
deviations   from, flatness   that  usually exist  in  the   speci- 
mens.     With  a  supporting force   of i\P>  pounds,   satisfactory 
stress-strain  curves  were   obtained consistently with  all 
tyoes   of  support.     The   buckling  of the   roller-supported 
specimens   as   described  indicates   that,   without   sufficient 
supporting force,   the  roller-supported  specimens  may give 
unsatisfactory  stress-strain   curves. 

The  present   investigation   and subsequent routine 
laboratory tests   showed  that   accurate   stress-strain curves 
could not  be   obtained  consistently unless  the   fixture  and 
specimens  were   accurately made.      Variations   in  the   test 
results   were   caused  by specimen  defects   or  inaccuracies 
such, as  ends  not  parallel,   not  flat,   or not  perpendicular 
to  the   longitudinal   axis   of  the   specimen;   free   edges   of 
the   specimen not   straight   and parallel;    and faces   of  the 
specimen  scratched  or' marred  so  that   interference   occurred 
with  shortening  of   the   specimen.     The   accuracy  or" the 
single-thickness   specimen  is   so   important   that production 
of the   specimens   by   a  punch  and die   or  by   a  shearing 
process   is   not   recommended even  if  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 the methods   of  supporting 
single-thickness specimens  of  aluminum-a11 oy  sheet material 
in   a fixture   for determination  of  compressive   stress-strain 
curves.      As   e  general  conclusion,   the  results   showed that 
for  the  roller  type   of   support the   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 
aooiied  to  the   specfmen was   approximately Lj-5  pounds. 

For the   types   of  support   and values   of supporting 
force used,   the   following  detailed  conclusions  were   drawn: 

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

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

5?«     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. 

[)-.     A supporting force   sufficient   to   overcome   the 
slight  deviations   from flatness   that  usually  exist   in 
the  specimens  must  be  used. 

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

Langley Memorial  Aeronautical  Laboratory 
National  Advisory  Committee   for Aeronautics 

Langley Field,   Ya. 
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NACA RB  No.   L5E15 Fig.    la-d 

(a)Steel rollers (b) Grooved brass plates. 

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

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure I .-Types of support used in the fixture for deter mi nation of compressive 
stress- strain curves. 



NACA  RB  No.    L5E15 Fig.    2a, b 

0.53-inch-wide 
223-<— specimen 

(a) Opposite-grooved brass platss. 

0.80- inch-wide 
25h- specimen 

(b) Offset-grooved brass platas. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 2- Opposite-and off sat- grooved supporting plates. 
Sections are perpendicular to direction of load 
application. 



NACA   RB  NO.    L5E15 Fig.     3 

CO 
P 
u 
o 
p. 
Cu 

co 

a, 

O u 

+3 

CD 

P 

a 
o 

•-t 
CO 
m 
a, 

a 
E 
o 

V 

I 

CD 
CO 
cd 

CD 
S-i CD 
Q) p 

TJ CO 
rH 
O -Ö 
Ä <D 

ß 
iH CU 

CD -Ö 
CU 
p 

u 
CO 

CO X 

o 
o 

rH 
,Q 

•H O 
0) O 
0) -H 
P X> 
CQ 

rH 
bo d) 
C CU 
•H P 
fi CO 

•H 
—| bo 
cö U 
I -H 

C(-) XJ 
PH -H 

CD rH 
CQ CO 

P 
U 
o 
ft a 
CO 

u 
CD 

3s a) 
CD P 
&-I CO 
O  r-H 
to  P. 

bo bo 
Ö G 

•H -H 
TO t3 

rH cö cö 
O O O 

OS -J -J 

M 

s 
3 
to 

•-H 

rH CM tO  "# lO <D t> 



NACA  RB   No.    L5E15 Fig, 

+3 
m 
a, 

•P 

a, 
i-t 
o 

tu 

a, 

X 
•H 
«M 

Ö 
o 

•H 
CO 
m 
0 
U 
a 
E 
o 
v 

c 
a, 
E 

•H 
Ü 
(D 
O. 
03 

I 

tt) 

a 
bo 

•H 



NACA  RB  No.    L5E15 Fig.     5 

48- 

J£ 
•* 

«r 46 

•8 44 
-o 

>- 

4Z 

0 
100 200 300 

Supporting force, lb 

Flat wooden plates 

pposite-groovedbmss plates 

Flat brass plates (Morfax No. Z) 

Ftat brass plates (gmphits and 6\\) 

Rollers 

400 

'O 

03 

in 

3 

11400- 

1,000 

10000- 

I00 200 300 
Supporting force, lb 

/—Flat brass plates(MarfaxNo.2.) 

Flat brass plates (graphite and oil) 

Flat wooden plates 

Opposite-grooved brass plates 

Roller 

1_ 
400 

NATIONAL ADVISORY 
COMMnTEE FOR AERONAUTICS 

Figure 5.-Influence of type of support and supporting force on compressive 
yield stress and modulus of elasticity. 24S-T aluminum alloy 0.064 
inch thick and 0.53 inch wide. 
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Fiaureö.- Influence of type of support and supporting   form on 
compressive yield stress  and modulus  of elasticity. 
Specimens   0.064 inch thick and 0.80 inchwida. 
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ABSTRACT: 

*>Vgß 
Alnmlnrnn-tjloy otsoot-matnl specimens core supported la a fixture by rollers, offset 
Orcovcflplntco, a?po3lto-ßroovedplntoo, fist brass plntoo or flat oooden plntoo. It 
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