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NATIONAL ADVISORY COMMITTEE FOR AEBRONAUTICS
TECHNICAL NOTE NO. 793 : :

THAE COMPRESSIVE YIELD STRENGTH OF EXTRUDED SHAPES OF
245T ALUMINUM ALLOQY

By R. L. Templin, F. M. HGWell, and E., C. Hartmann
SUMMARY

Tests were made by the Aluminum Company of America
on 267 extruded shapes of 245T.aluminum alloy selected at
randem from plant production to determine the relations
between the compressive yield strength and the tensile = _
properties of the material. The samples were divided in-
te three classes according to thickness: 1less than 0.250
inch, from 0.Z50 to 1.499 inches; and 1.500 inches and
over. Ratios were computed for the three classes by which
the compressive yield strength could be estimated from
either the tensile strength or’ the tensile yield strength.
The 'assumption that the compressive yield stréngth is
equal to the tensile yleld strength was found to be fairly
accurate for the thicknesses 1.500 inches and over, not
seriously in error for thicknesses from 0.250 to 1,499
inches, but unsatibfactory for the sections less than
C.250 inch. -

INTRODUCTION

Navy Departmént specification 464%c¢c and Federal
specification. QQ-A-354 require- extruded shapes of 24ST
aluminum alloy 4o have tensile yield ‘strengths na»t less
than certain minimum values that are dependent upon the
thickness of the shape. Minimunm compressive yield L oo
strengths, although perhaps more important to the engineer L
than minimum tensile yield strengths,  are not ‘specified
beaause they are too difficul% to determine %o be included
in routine inspection tests and are not needed for The
control. of quality. In the absehce of specific informa-
tion concerning compressive yield@ strengths, it has been
common practice in the past to assume that the compres-
sive yield strength was equal to the teasile yield
strength, even though it was generally understood that
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materials which are straightened by stretching usually
have compressive yisld strengths lower than thelr tenslle
vield strengths. Preliminary. tests disclosed that the
difference between compressive and tensile ylelh strengtihs
might be large enouwgh to require attention in _design, ang
it was decided to underitake a complete lnvestigation in-
volving a large number of samples selected at random from
the general run of commercial production. The timely
development of the U"pack!" method for determining compres-
sive yleld strengths of thin sections was an important
factor in maxing thls investigation possible. {(See refer-
ence 1l.) '

The data upon which this report is besed were dis-
cussed at a conference with representatives of several
government agencies in Jashington, D. C., last August.
Since that time further study of the data has been made
and certain considerations are presented herein that were
not included in that discussion.

The object of +this investigation was to determire

the tensile and the compressive propertlies of a large num-
ber of 24S8T extruded shapes selected at random from com-
marcial produnction.in order to investigate the interrsla-
tion of +these properties. It was believed that through
such an investigation a reliable method could ve devised
by which compressive yield strengths could be accurately
estimated from tensile properties, thereby eliminating

the need for elaborate esxpensive routine compression tests.

PR OCEDURE

A total of 267 extruded shapes of 24ST aluminum alloy
were selected over the period from December 1938 to August
1939. These samples represented a’'wide variety of shapes
and eizes, as indicated in figures 1 to 5. One tensile
and one compressive specimen were %esken from each shape
in the longitudinal direction. The tensile specimens were
of the type used for testing sheet (reference 2, fig. 7)
wiaen the section thickness was less than 1/2 inch and were
of the round type {referemce 2, fig. 9) when the section
thicknesses wore 1/2 inch and greater. The compressive
specimens were of the pack type (reference 1) when the
section thicknesses were less than 0.243 inch and were 5/8
iach wide s0lid rectangular blocks when the thicknesses
were in the range from 0.243 inch to 0.712 inch. For
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thicker sections the compressive specimens were solid
rounds., In all cases the tension and the compression
specimens were cut from the ;samé part of the section and
from adJacent portions of. ths piecse. :

~ The tensile and the compreﬂsive teste were: ma&e in
the msual manner; all. pack compression tests and a few of
the other tests were made at the Aluminum Research Labora-
" tories while the rest were made at .the Hew Ken31ng+on'"
dorks laboratory. S . o

RESULTS &ND DISCUSSION

All the test 2ata were tabulated.and arranged in or-
der of incrsasing thickness of the portion of the section
from which the specimens were cut.- There was some dupli-
cation of sections and the same die number- appeared more
than once because pieces made from tke same die were se-
lected at dixferent times during .the 9 months that the .
tests were being nade, _ : S :

Table I shows a sumnary of the tensile and the com-
prassive properties arranged to show minimum, average, °
and -maximum values for each oi -the three .specification
ranses of size, as well as for the group -as 'a whole. This
table also shows a comparison of the lowest tensile test
results with the specified minimum values. It is clesar
that all the specimens. selected for these tests gave re—
sults above zhe specifled minimum velues. :

Figures 6, 7, and 8 shpy the individual tensile - °
strengths, oen31le vyield s8trengths; K and compressive
vield strengths, respectively- plotted against th'ickness
of section. In all cases there is- an upward trend of the
data with increasing. thickness with.a marked leveling off
for thicknesses in excess of about 1-1/2 inches. This
trend, of course, is consistent with-that of the specified
minimum tensile properties. Iz figures 6 aad 7 heavy
dotted horizontal lines have been drawn to represent the
present specified minimum tenseils properties for 'the three
ranges of size.__”he lines drawn .in fizure 8 will bé dis-
eussed later. ' oo : SRR :

It is ev1dent from a studv of table.: I and a compari-
son of figures 7 and 8 that the compressive vield strengths
of 2437 extruded shapes are definitely and conslstently
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lower than the tensile yleld strenghts, especially for
thickiesses less than 1-1/2 inches. In order to study
this relation further, the ratios of compressive yield
strength to tensile yield strength were calculated for
all cases; the results are plotted on a frequency basis
in figure 9. These same ratios are plotted semarately
for each of the specification ranges of size in figures
10 aad 1li. These curves show that the most—probable val-
ues of the ratio of compressive to tensile yield strength
are ag follows:

Thicknesses less than 0.250 ineh . . . . . 0.88
Thicknesses 0.250 inch to 1.499 inches e « 0.91
Bhicknesses 1.500 inches and over « « « . « 0.96

' In & previous investigetion based on tests of only

11 248T shapes ranging in thickuness from 0,05 inch to o
0.38 inch, the average ratio of compressive to tensile
rYield strengtith was found to be 0.85 with a scatter from
0.78 to 1.03., This result egrees falrly well with the
results shown in the fresquency diagram in figure 10,
which covers the most nearly comparable thickness range.
Trhe previous lavestigation also showed that there was
less variation in the ratlos of compressive yield strength
to tensile strength than there was in the ratios of com-
pressive yield strength to tensile yield strength. In
other words, tensile strength seemed to be a more satis-
fectory vasis for the ratios than tensile yield strength.
With this consideration in mind, table II was prepared

to show a comparison of the two sets of ratlios summariged
from the 267 cases tested. Comparison of the percentage
deviation of the minimum and the maximum ratios from the
averagey given in the last two columns of table II, in-
dicates that tensile strength is slightly better than
tensilesyield strength as a basis for the ratios, but the
advantage is not nearly so pronounced as 1t appeared %o
be in the prewious investigation. '

Thus far in this report the emphasis has been placed
on the average values of yileld strength rather than on the
minimum values. The minimum wvalues, however, may be of
considerable importance. "The average ratios of compres-
sive yleld strength to the tensile properties having been -
determined, the next step would therefore be ‘toc try these
ratios out in connection with the specified minimum ten-
slle proverties to see whether the resuliting computed min- :
imum compressive yleld strengths agree with the lowest
test results. This comparison has been shown in table III,
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It is evident from ‘table III that the generael agree-
ment between the computed minimum compressive yield
strengths and the lowest test results is good. #hen the
computed minimum compressive yield strength is based on
the mindimum guaranteed tensile yield strength, only two
test results {(three-Ffourths of 1 percent of the total
number) are below the computed minimum values. When the
comnuted minimum compressive yield streagth is based on
the minimum guaranteed tensile strength, the results are
somewhat less conservative, three tést results (about 1
percent of the total number) being below the minimum,

In order %o show graphically how the computed mini-
mum compressive yield strengths in $able ITXI compare with
the actual test data, the dotted horizontal lines repre-
senting the computed minimum compressive yield .strengths
have been drawn in figure 8. Here again 1t will be noted
that the minimums based on tenslle strength are consist-
ently above those based on tensile yield strength. The
test results’ that lie below tiae computed minimums are all
in the thickness range of 0.250 inch to 1.499 inchses, and
it should be remembsred. that these two or three values
are only about 1 percent of the total number of tests.

It is clear from the data presented in this report
that the assumption. commoanly made that the compressive
yield strength is equal to the tensile yield strength is
not very satisfactory, as far. as the general run of val-
ues is' concerned. It will ber-well, however, to investi-
gate this assumption with respect to minimum values. Hori-
zontal lines have been drawn in figure 8 to represent the
specified minimum tensile yield strengths. It will be
noted that; in the thicitness range of. 1.500 inches and
over, no.comdpressive yield . strengths are below the speci-
fied minimum tensile yield strength. . Ih‘the intermediate
thickness range only four compressive yield strengths (6
percent of: those determined in this range) arse below the
specified minimim tensile yield strength. - In the -smallest
thickness range,: sectlions thinner than 0.250 inch, 83 com-
Pressive yield strengths (47 percent of those determined
in this range) are below the specified minimum tensile
yield strength. The significance of these relations of
the compressive yieid -strengths and the specified minimum
tensile yield strengths is that, except in the thickness
range below 0.280 inch, .-ne grest error would be involved
in the simple assumption that the minimum compressive
vield strergth is equal to the minimum-tensile yield
strength. In the range of thickness below 0.250 imnch,
however, this simple assumption does not ‘seém to bs sat-
isfactory. Co : . : : '
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COdCLUSIONS

From the results of these tests on 267 samples of
2457 extruded shapes selected at random from plant pro-
duction over a period of 9 months, the followlng conclu-
sions seem warranted:

1. All the samples tested had tensile strengths and
tensile yield strengths greater than the minimum values
called for by Federal specification QQ-A-354 and Navy
Department specification 46A%9c.

2. The compressive yield strength of a 24ST extruded
shape can be estimated with a fair degree of accuracy
from known tensile yleld strength values, as follows:

Compressive yield strength
Thickness (fraction of tensile yield
strength)

Less than 0.250 inch . + « o« o « « o« 0.88
From 0.250 %0 1.499 inches . . . « « . ~ .91
1.500 inches and over c e e 4 e e e .96

3. Although the foregoing ratios are derived as av-
erages for a large number of samples covering a wide
range of properties, when used with the specified minimum
tensile yleld strength they are reasonably satisfactory
for determining representative minimum compressive yleld
strengths. The following are the minimum compressive
yield strengths determined by multiplying the specified
minimum tenslle yleld strengths by the foregoing ratios:

Minimum compressive
Thickness- © yield strength
(1b/sq in.)
Less than 0,250 ineh «'v + '+ « ¢« . . 37,000
From 0.250 to 1.499 inches « . . . . 40,000
1.500 inches and over . . . « . « « 49,900
4. The Aluminum Company of Americe does not guarantee
any minimum compressive yield strengths for its products

because the determination of compressive yield strengths
1s too difficult to permit them to be included in routine
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‘inspection tests and because compressive yield strengths
are not needed for control of quality. The computed min-
imum: compressive yield strengths. given in conclusion 3
are in ‘good agreement with:the lowest test results, ex-
ceab in the range of thicknesses 1.5 1nches.,and over.

" For this range of thicknesses, no. compressive yleld
strengths were found lower than the specified minimum
tensile yield strength, 52,000 pounds per square inch.

5. In the foregoing conclusions it has been shown
how the compressive yield strengths can be computed from
known tensile yield strengths. Equally satisfactory re-
sults can be obtained by computing the compressive yield
strengths from known tensile strengths. The relation is

as follows: -~

Compressive yield strength

Thickness (fraction of tensile gedesers
strength)
v . .
Bess-than-0.250 inch « «. v & e s« .« 0,68

Ffom O.ééO te 1.499 inches . . . « . . .69
1.500 inches and over -+ + s o 2 s o = 72

6. The computed minimum compressive yield strengths
obtuined by the foregoing ratios are as follows:

Minimum compressive

Thickness yield strength
(1b/sq in.)
Less than 0.250 ineh . . . . LV . . . . 37,600
From 0.250 to 1,499 inches . . . . . . 41,400
1.500 inches and over ¢ e s e s e s 50,400

7. "he assumption commonly made, that the compres-
sive ¥ield strengths of 24ST extruded shapes are equal to
the tensile yleld strengths, 1is fairly accurate for either
average or minimum values for thicknesses of 1,500 inches
and over. It is not seriously in error in the range of
thicknesses from 0.250 inch to 1.499 inches. TFor sections
thinner than Q.25 inch, however, this assumption is un-
satisfactory because it not only leads to estimated aver-
age values of compressive yield strength which are G000
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pounds per square inch too high, but it also overestimates
the minimmm compressive yield strength of more than 40
Perceat of material included iIn this thickness range by
amounts up to 4400 pounds per square inch. For thicknesses
less than 1.5 inches, either of the two methods given in
the foregoing conclusions for estimating compressive yield
strengths from tensile properties is more accurate than

the commonly made assumption discussed.,

Aluminum Research Laboratories,
aAlumlnum Company of America,
Hew Kensington, Penna., October 11, 1940.
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TABLE I.~ Swrary of Tensile and Cocpressive Properties of 24ST Extruded Shapes

(Voalves in parenthescs affer the rinimm tensile properties are the specified
oinirums according Yo Navy Departnent specification 46i9¢c and Federal sseci-
ficabion QQ-A-354, except the 52,000 1b/sq in. valuc in the tensile yield
atrength column. This value is given currently as 51,500 1b/oq in., but soon
will be raised o 52,000 1b/sq in. Therefore, the higher value will be used
throughout this renort.)

Tengile Tensile Corprossive
Size range strength yield yield =
(1b/sq in.) strength strength &
(offset-0.29) (offset-0.29) Lad
(1b/sq in.) (1b/eq in.) +2
o
=)
Less than  Minimuc 58,480 (57,000) | 42,600 (42,000) 374600 oy
0.250 inch Averago 65,380 49,125 42,270 P
Moxiram 79,350 59,100 54,200 :
0.250 to  Minirun 62,190 (60,000) | 46,570 (44,000) 37,500 o
1,499 Evorage 79,645 59,910 54,830
inekas Yazirum 86,500 - | 69,800 65,500 =
1,500 inches Minirmm 77,460 (70,000) | 57,300 (52,000) 54,900 i
ard over  Average 81,060 61,080 58,700 ©
Heximm 85,380 65,700 62,800
All sizes ¥inimum 58,480 42,600 37,500
Average 70,425 52,950 47,615
Yaxirnm 86,500 69, 500 : 65,500
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TABTE II.- Surrary of Ratios of Corpressive Yield Strencth to Tensils Yield

Stroogth and to Tensile Strength

Percentoge that

Size Ronse Batios rinirmr ratio is below and
raxirmm ratic is above tho
CYs | CY¥S average value
Tvs | TS CTS CTS
T¥S TS
Lees thon 0.250 inch ¥inirmm 0.76 10.61 14 8
Average .88 .66
Moxirmn 1.04} .78 18 18
"10.250 to 1.499 inches Miplmm | .73 | .56 20 19
Averace 91 .68
Maximmm 1.0L| .76 11 10
1.500 inchos and over Minirmn Sl .7 5 3
Average 96 W72
Hnxirurm 99| .77 3 7
ALl thickmesses -Minir:tm .73 | b6 19 16
Avernge 90 | .67
¥oxirm 1.041 .78 16 16

£64 ‘OK 310K TBOTULOSY VOVHE

0T
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TABIE III.—~ Corpubted Kinirum Corpressive Yield Strengths Obtained by Multiplying the Minirun
Tensile Properties by the Avernge Ratios of Compressive Yield Strengths to Temnsile Properties

(Values in colums 3 and 5 were taken from table II.
rultiplying colum 2 by colurm 3.

4 by colurm 5)

Yalues in colucn 6 were obtained by
Volues in colurn 7 werse obtained by rwltiplying columm

1 2 3 4 5 6 7 8 g 1 10
|
Thickness |¥inirum Avernge |Hinirmm Averaze Corputed rcinirmm Iowest |Murber of
Tange tengile ratio of |tensile rotio of corpressive yisld test [test results
yield CYs gtrength £YS strenzth result |below cormuted
gtrength TYs (1b/eq in.)| TS Basod on TYS|Bpsed on TS (1b/ minimm corr-
(1b/sq in.) (1b/sq in.) |(1b/sq in.)| eq in.)|pressive yield
strength
Based jBased
on TYS | on TS
fess than
0.250 inch a‘4:.‘53,00() 0.88 a57,000 0.66 37,000 374600 37,600 0 0
0.260 to 1.499
inches 844,000 .91 260,000 .69 40,000 41,400 37,500 2 3
1.500 inches
and over 252,000 .96 |270,000 72 49,900 50,400 |54,900 | O 0

®Havy Departrent specification 46A9¢ and Federal spocification QQ-A-35:.

264 °*ON €10K TBROTUYOOJ TIOVN

T
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Figure la.-Cross segtions of 94S-T Extruded Shapes Tested -
Die Nos. 77-A to 7072

(About 1/2 actual size)
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94S-T Extruded Shapes Tested -
Die Nos. 8665 to 15046

(About 1/2 sctual gize)

Figure 1lb.-Cross sections of
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Figure lc. Cross sections of 24S-T Extruded Shapes Tested -
Die Nos. 15047 to 16638

(About 1/2 actual size)


http://www.abbottaerospace.com/technical-library

e

NACA Technical Note No.793 Fig. 14

-Figare 14.-

Cross sections of 24S-T Extruded Shapes Tested -
Die Nos. 16800 1o 22617

(About 1/2 actuel size)
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Figure le.~Cross sections of 243-T Extruded Shapes Tested -
Die Nos. 22639 to 22757

(About 1/2 actusl sigze)
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