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NATIONAL -ADVISORY. COMMITTEE FOR AERONAUTICS

TECENICAL NOTE NO, 966

THE BLASTIC CONSTANTS FOR WROUGHT ALUMINUM ALLOYS

By Ry L, Templin 'and By O, Hartmann
SUMMARY 1?§.i“

There are several constants which have been dev1sed
as numerical representatlons of the behavior of metals under.
the action of 1Toadinks which stress the metal-within the i
range of clastic action, Some of these constants, such as
Young's modulug of, elsstlcity in tensiodon and COmpreSSiOn
shearing modulus of elastlcity, and - Poisson's ratio “are
regularly used in engineerlng calculationsy” Prec159* tests.
and eXperlende indlcate that . these eXastic” cénstants are 'ap
practidaliy“unaffected by many of the factdré‘which® influence'
the other Mechaniqal properties of materialls and’ that a .few
careful determznatldns under properly controlled condltions_.
are more ‘wgéful ‘and reliable than many determinatlons made
under 1»ss favorable conditions, : .

It is the purpose of this paper to outline the methods

employed by the Aluminum Research Laboratories for the deter— -

mination of some of these elastlc constants, to 114t the values
that havée been determined for some of the wrought aluminum al-.
loys, and tbindicate the variations in the values that may be .
eXpected for gome of the commercial products of these allovs..

"““ P
. d o e

*In this digcussion, from the viewpoint of the designing
engincer's interest, "precise" is intended to mean within
ldmlits, af: arron .of about 1 percent, - The .authors appreciate
that other rnore. precise methods: arc available, with which
the elastic constants of metals can be detarmlned within
closer limits, Such degree of precision, however, is gecner—
ally of more inte rest to.the phy3101st ard the academlc re—
search worker “than” to the designing engineer 2
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METHODS OF DETERNINATION OF ELASTIC CONSTANTS

Since the evaluation of an elastic constant of a metal
involves the precise determingtion :of the .gtrains resulting
from stresses set up in the material by applied loads, it 1is
essentia that the loads be known within suitadble limits of
accuracy, . The loads are usually. applied by means of one of
the many types and sizes of commercially available testing

machines, Even though well-recognized stﬁndard methods (ref—
erance l) of verification qQf testing machines:are followed in
calibrating the machincs to be used in detcrmlning the clastic
constants, yet it shouvld be noted that these standard methods
of verifications are primarily:.intendecd to check the machinecs
within limits suitable for acceptance testing of matcrials
against product specifications, Present verification stand-
ards require rthat ja testing machine .shalk have.enrors. in rits

load ;readings not greater than %1 porcent, within tho loading.

range to:be usecd,

For the precise determination of the elastic constante-
of metals, smaller : +limits for,.the :load errors are mecessary, :

This .may wot .require a testing. machine with smaller errors... .

but (a) -the magnitude :0f the errors .must be known .within.
closer limitsy (b)-the spnsit;vity_of the machine mugt  be:
commensurate with the 'smgller error limits; (¢) the repro=

ducibility of the indicated loads must be within about the - -

same smaller limits; and (d) the loads must be indicated:

within suitable limits under the conditlons ‘used during : tcst;;»

ing. (refcrcncc 23

In attcmpting to neet thcse requiremonts the; Aluminum
Research Laogxatqrgqs have,made three separate callbrations
of each ;load. range -0f the ‘testing machine to :be used; -the

average ;0f ;these ;threc sgts 0f ;data .compared with the ‘datg . ::
from the: National: Buredu ef Standards!' report .on the caliws . -

brating device used; and the loads indicated by the testing
maching corrccted "in accordance with thHe o6bserved errors.”'
Comparisoens of the sindiwvidual readings for each of the dif-
ferent. :loads msed din ithe (three calibratiion rung ghow tho :

sensitivity and ‘reproducidility limits obtaining, : Very slow'

rates Qf. Loadyng ara usod to mlnlmin if not ¢liminate any -
dYnamlc effects B¢ @n8 3 £8 4 F SR g AP0 HF TN
Tho c libratlng dov1ces used provina rings, Amslor
boxes ond similar -clastic domlges thave been colibrated by:
the National Burecau of Standards with their dead—weight
machincs (recference 3) and found to have errors within less

"":
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than +£0,2 percent, The errors in the National Bureau of
Standards dead—weight machines are less than 0,02 percent
and the maximum permissible deviation of each rcading of an
elastic calibrating device is +0,2 percent from an average
of at least three readings under the same load, Using these
calibrating devices and following the procedure outlined it
is possible to determine the tensile and compressive loads
usced in making precise tests within 0,3 percent,

Similar consideration must be given to the verification
of the strainometers to be used in"making precise determina—
tions of the elastic constants of metals, Unfortunately such
standard methods are not in existence at the present time,
Proposed standard methods, howcver, have been preparcd by a
member of the staff of the Natiional Bureau of Standards and
published by the American Socicty for Testing Materials (ref—
erence 4), In these proposed methods, strainomecters are
classificd into five diffcrent groups of which Class A is
the one suitable for the precise determination ¢f the clastic
constants of metals, The maximum permissible error of indi-
catcd strain for this class of straincmetere is 0,00001 inch
per inch, The Tuckerman and Martens mirror apparatus (refer—
ence 5) arc representative of the type of strainometer which
would come within this proposed. €lass A, The Aluminum Rescarch
Lavoratorics have a Tuckerman autocollimator and four optical
strain zages each of which has been individually calibrated
by the National Bureau of Standards (reference 6), and suitable
constants furnished for use with eaech of the gages, These
calibration results indicate that these gages will give strain
values within about %0,2 percent, '

Thig Tuekerman apparatus and the National Bureau of
Standards?! calibration data for it have been used by the Alu-
minum Research Laboratories to check the Templin strainometer
calibrating device (reference 7), This device is used to
check other strainometers such as the Martens mirror appara-
tus, Ewing, Richle, and Olsen extensometers, Huggenberger
tensomcters, and so forth, The results obtaincd in checking
the strainometer. calibrating device with the Tuckerman appara—.
tus indicated that the calibration factor for the device, on
the basis.of many check runs verying by about 0,1 percent
could be determined within about *0,2 percent, corresponding
to the error limit mentioned previously for the Tuckerman
apparatus, : 3 _

-It-isjmccésgary,in,the precise determination of the:
elastic constents of mctals to load the speciméns uniformly
and axially so.that the stresses induced in the specimens will
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be as unifiorm-as-.passible (referenoe 8). Experience has
shown that it ig:iusually-negessary to prov1de special fix—.
tures or devices to insure uniform stressing of the spv01—'
mens within-¢lkoser-limits than would be cbtained with the.
deviees generally: prowlded with:commeréial .testing machlnos..
In the case ‘of:tensile speclmens satisfactory: results have
been ohtained by the. uge:of threaded adaptors, oupportcd in
the testing machine-by. suitably designed ~precisely made,
and p;Operly lubricateg. sphericnllywseated teasion bolts.
Othet types :0f shackles-(references.9 and- 10) also.have
given satisfactory reeults Using such equlpment it has‘ .20
been found.by:agtual tests that the deviation.of strain’,., .. .,
from the average value, as-measured at various-locations _ e
around. the specimeny (will be within 1 percent,-ﬁAveraglng g A
strain readingg ' from:;opposite.elements of the:spgcimen will . .,
reduce this error. close te-fhat-of the stralnometers used g
For specimens under gompress1on loads greater dlffi— »
culties are often encounterod in obtaining uniform- stress1ng
when using the commercial testing machines available, Thesge..
difficultics arise from such factors as out—of-wparallelism
of thc testing machine platens, errors in the pitch of the. .
main serews of the testing machlnc and elastic distortion
of the platens bearing against the ends of the specimen,
The use of a suitably designed subpress (reference 11) or
platens (r cference 12) in the testing machine minimizes or:
eliminatcos many of the major troubles encounterecd in obtainw,fn.
ing un1form stressing of the compression specimens, In. dato;~3b
obtained with such apparatus the deviations fron the-wver“go
stress should be not morc: than thosc indicated for:. the tenslle
test (within 1 percent), 2nd as-in the case of the tensilc
test, overagiag strains from opposite. elcoments of the speci-
men w1ll rcduce this crror clOso to the errors of the, stralnon—
eters : :

The tenmsile test spe01mcn ordlnarllv uscd for acceptance
tests of metals is not. pﬂrticulerly well suited for use in
determining the elastic constants, & suitadle specimen (a).
should have a uniform cross section throughout its reduced
section; (b): should have the axds of its reduced section .-
coincident with. the axis of:the ends .of the specimen; (c) -
should have' a reduced sectlon length appreciably longer than

the gage length; (d) should have a graduasl transition in
cross scction between the reduced section and the ends of the
specimen; (e) should be straight throughout its length; (f)
should have a scheme of gripping that will insure, insofar as
possible, uniform stressing during loading (accurately chased
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threaded ends or pre01se1y machined shouldered ends will
meet this requirement); (g)= should be machined smooth and
carefully so that any residual stresses or heating effects
will be at o minimum and at least negligible; (h) should de
from a product frece from“internal strains that will cause
distortion and hcnce rcquire straightening of the specimen
during preparmt10n° and 1) the cross—sectional area of the
reduccd scection and thc gage length-should be detgermined
within suitable limits, say within 0,1 percent, The type
of specimen used by tle Aluminum Research Laboratories for
determining the tensile and compressive elastic constants
is shown in figure 1, and in the photograph(fig. 2),

Here it may be cemphasized that the procedure outlincd
is for the purpose of determining the elastic constants of
the mectal and not for determining the apparent effects on
the constonts of many ©f the factors involwed in the testw
ing proccdure, The offeccts, 0f these factors on the values
of tensile and yield strength, for example, may be of little
practical significance, yet be appreciadble in their effects
on the elastic conotant values,

In all of the calibration and testing procedures Jjust
discussed, consideration must be given to the effects of
temperature, This is regularly doné by the National Bureau
of Standards in their checking of load calibrating devices
and was done in their calibration of the Tuckerman strain
apparatus mentioned, It was also taken into account by the
Aluminum Rescarch Laboratories in checking their strainometer
calibrating device with the Tuckerman apparatus, The eclastic
constant values herein given were determined at temperatures
close to those obtaining for the calibration work and care
was exercised to prevent any apprecicble temperature changes
during thc tests of a given spccimen, . When determining the
elastic constants of a material having a relatively high co-
efficicnt of thermal expansion, temperature control is cssen—
tial for preeise Tosults, : K

The clastic constant strcss—strain data, obtained using
the testing procedure just'‘doscride d, should be treated by
more refinbd nethods than generally used in determining the
other mechanical propcrtics. Among the procedurces that can

be used, the ones suggested by McVet.ty and Mochel (refercnce . .-
13 and Tuckcrman (reforonce '14) have becen found quite satis~ . :
factory and ore regularly used by the Aluminum Rescarch Labo= =

Fatlorifc
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METHODS FOR SHEAR MODULUS

At the present time there are no standard methods
for determining the shear modulus of metals, The Values
given in this paper were obtained from torsgion tests of
s0lid round specimens tested in an Amsler torsion machine
(Type 150/300 T87) (reference 15)"which* is provided with
a dead—weight calibrating device and ‘a- Martens mirror trop—
tometer, Calibration:with  standard dead weights'(EO 1b
each) checked agaihst a master weight certified by the
National Bureau'of Standards showed a maximum error for any
of the torque ranges used of -not more than 0,3 percent,
The errors: of the tropt01eter are believed to be less than
0.2 percent \

POISSON'S RATIO

Tho Poisson's ratio values given have been-salculated -
from the well-known.relationghip existing between Younv's
modulus: ond the shear modulus.”

P E~2E, E

e ber - A d Rl R

28, 2k,

The values thus obtalned indicate an WVerage value ﬁor
Poisson's ratio of about 1/3, and this value is recommended
as suitable for most engineering des1gn purposes :

VALUES OF EuASTIC CONSTANTS FOP COMMERCIAL -

'_ WROUGHT ALUMINUN ALLOYS

Va luos of the modulus of elasticity of wrought alumiuur
alloye in tension, coupression, and shear determined in accord-:
ance with uethods indicated above are given in table I, Te'sts
have indicated that a variation of Qnlyx about 1. or 2 perc01t is
to be expected in the tensile - and compressive. values in various
lots and forms of &' given wrought alloy even though the conpo—'
sition,; hcat treatment, and cold work introduced in fabrication

g
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vary throughout the compléte range pernitted by good commer-
cial practice, The data pertinent to the shear modulus:
values are somewhat meager but by inference corresponding
small differences would be anticipated with variations in

the factors Jjust noted, The extreme variations in these
constants of 5 to 10 percent or more, found in the litera-
ture, are undoubtedly the result of the use of testing
methods unsuited for the precigse determination of these con-
stants, A testing technigue may be entirely satisfactory for
the determination of tensile strength, tensile yield strength,
and elongation and yet be gquite inadequate for the precise
determination of modulus of elasticity,

Since the modulus of elasticity is practically constant
for a given wrought aluminum alloy product, and since precise
values arc available, it is rarely necessary for ordinary
engineering and research purposes to attempt to determine the
modulus for a given lot of such material involved in any
project, TFor most cases it is quite satisfactory to accéept
the precise values of moedulus listed in the accompanying
table, It may, however, be desirable to determine the stress—
strain curve for ind1v1dua1 lots of material because theé¢ part
of the stress—strain curve above the proportional limit may
vary for different lots and for different product forms of
the same material (references 16, 17, and 18), Such an in-
dividually determined stress—strain curve, while entirely
satisfdctory for indicating the shape of the curve, may have
a slope for the initial straight-line portion different from
the nominal modulus of elasticity of the material, ' The rea—
son for this difference often will be found in the various
errors involved in testing, and the magnitude of the differ—
ence can usually be cons1dered a measure of the over—all
effects of the errors obtaining,

CORRECTION OF DATA FOR ERRORS IN TESTING

Correction of a stress—strain curve for errorsin test—
ing can be done by adjusting the slope of the initial straight
line to equal the nominal modulus of elasticity and applying a
suitable consistent correction to the remainder of the curve,
The nature of the correction applied to the remainder of the
curve, of course, will depend upon what type of errors are
suspected of being responsible for the faulty initial slope,
The following types of errors are encountered:
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1. Brrors in ma'gunitude of strain, théﬁeixar being ap-— "
proximately proporitional to the load... ' : 3

Example: i i

¢ The approximate. straln on g comprcss1on member
may be measured.simply by placing . a.dial gage arrange—ﬂ"
ment between the platens of the testing machine so; “that
the movement of one head relative to the other is’ neas—':
uredy .This measurement will . include not only the change
in-lehgth of the:specimen: but also the elastic dlstor—”~m [
tions of the heads-of the testing machine, which in & 2 g
short specimen;may:prove to be.an apbr*vlqble nort;on"J"
of the total. movewent Itds reasonable to suppose /
that this distortion of the hoads, belng grlans telen b sd s
proportlonal to the load on the testing machine. ° ¥ }

|
|
J
ol ; H vl ‘. !
|
+
f
|

In such 1nstances the best procedure. for correctlng thes it
SerSS—StTaln curVe 1&s thaty dind i ated in flgurp 3

B Errors in magnltﬂde of straln, the error belng
anproX1matelo proportlonal to the otraln.

Exanmple:: : ;t 88 b 3 ;

Faulty magnification ratio in the strainometer.

In such cases the best method for correcting the stress—
strain curve is that indicated in figure 4.

3. Brrors in magnitude of loads, the errors being
approximately “proportional ‘to the load. ... ..

Example:

Errors in load-weighing mechanism of testing
machine. et O :

sktraimseuryesis that 1nd1caﬁoa in fﬁgure B P n K
When the tyﬁe of error 1ead1ng t'o the faulty 1n1t1a1

slope is not apparent from a cons ideration of the methods Anﬁ

apparatus used, it is perhaps best to correct the stress—

strain curve by some combination of the three methods., For -

example, the difference between the correct modulus and the

apparent modulus can be divided into three equal parts and a

In such cases tbn %eqt nethod f.or correctlnw ﬁhc stress— 5'§
third part of the total corrcction made, in turn, by each of the ‘}
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three methods suggested, The three steps, corresponding to
figures 3,74, ahd’B, might be performed as follows.

1;'Corroes each atraln readlng s0 that'

K f
Corrected strain = measured straln A A A

N
where K, = S Ki— = 1>.
a

2, Further correct each of the above corrected strains

g0 thatz

Final strain = K, X above corrected strain,

where K, = L2 (approx.) 1 - K, .
E,-% 2B

3. Correct each stress reading so that:

Final stress = K; X measured stress,
i : 3E ) ;
where Kz = —————~ = (approx,)'1 + K,
Eqg + RE

When these final stresses and final strains are replotted ths
new modulus line will have the desired correct slope and the-
entire -curve -will- probably be much nearer its correct pOSltlon

The above sug gestlons for correcting data are not 11m1ted
to stress—strain curves but are also applicable in principle
to other types of data, such as some load—deflection curves,
in which the: correct 1n1t1al slope of the curve can be detbr—‘
mined from the known nominal modulus of elasticity of the ma—
terial,

THE MODULUS OF ELASTICITY OF ALCLAD PRODUCTS

The alclad products consist of a central core of high—
strength material protected on each side by an integral layer
of a different alloy, usually of lower strength, which is
sufficiently anodic to the core materiasl to prov1de electro-
lytic protection against corrosive attack, In such materials
the determination of modulus of elasticity is consideradbly
complicated by the fact that the core and coating may not OnlJ
have different moduli but may also have widely different




s R

10 4B NACA TN No. 966

s il R, " . 7

proportional limits. When the picces are uniformly stressed
within the elastic range of beth thc core and coating the
effective .modulus of .the piece is'a we eightcd average of the
moduli of the core and coating. This'value.is gften called
the primary modulus ¢f:elasticity of- the ‘material, When the
proporticnal limit of the coating is exceeded, however, the
effective modulus of the alclad matcrial, based ,on the full
thickness of the piece, decreages and guickly aporoqchcs a
value that is repres sented by the modulus of elasticity  of
the core materiad mult;nllﬂd by the .ratio of the core thickw
ness to the tetal thieckn 688, Y This value is often called the
sccondary modulus of elns tieity of the. material. For engi-
neering purposes an intermediate average value 1is sometimes
scd which is smaller than the primary modulus and:larger-
than.the:setondary modalus.Afv"' 25 ’ : =

When a sin le shr‘e+ 6f ‘nleldd“1s ‘8tressed in floxurc
ingstesd ofidire c+ tension or compression.the questiod-of.
effective -modulus <of e]wct1c1tv becon cs evpn more -eoaplex
because -the.costings ™ By v irtue of itg DOC1t10n gn.the fex=(i"
treme f.ibers; exerts w areater effect’ the ovoranI ot
havior. of .the pieces T
cir cunstances -a pifcoe. .of alclad 245-~T7 sheet hav1ng 8 GoTRL cinee
thickness 90 perceat of the total thickness will deflect
approxinately the same as a piece of noneclad 24S~T having
an ocver—all tblckdoss caual to 93 percent of: the-totals
(See reference: 1959 L Tﬁﬁﬁ-qpnroach to" the' oroblen in cases
0of flexure of single thicknesses scems more log ical than
trying to arrive at a vxluo of effoctive modulus of elag—"
thlty-. S TR SO ! - ; 455

‘The autlhops desive o 1cnrc®1ed+é”£hé dsgistance of
MR M Huwell ‘who dircdetly supervised the testing work
required in determining the data given in table L

Aluminun Research Lanboratories,
Aluminum Company of America,
Yew Kensington, Pa., August 23, 1944.

ests have 1n~1cated fhmt ander «whasge i i
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TABLE 1

13

ELASTIC CONSTANTS FOR VARIOUS WROUGHT ALUMINUM ALLOYS
DERIVED FROM PRECISE STRESS—STRAIN TESTS

Modulus of elasticity, psi x 10 °

_ Recommended
Alloy | Tension | Comprecssion average Shear | Poisson's

tension and ratio

compression
28 i 10..0 ' 1050 3,8 0,32
538 e 204 10,0 3.8 52
618 D9 10, % 10,0 3,8 s 52
528 20l P02 10,2 3.85 .33
A515% 0 T 1L (0P 308 & 3,85 « 33
788 10.3 10,5 10,4 3,9 .33
258 103 L0L5 10,4 330 .33
175 10,4 10,6 10,8 3495 .33
148§ 10,5 10,7 10,6 4,0 . B2
248 10,5 10, % 1986 4,0 .32
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Figure l.- Specimen for use in determining modulus of elasticity in tension
and compression.

2" dia. 10 NS threads per in.
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Figure 2.- Martens mirror apparatus and special tension grips as used in
determining modulus of elasticlity of aluminum alloys.
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Stress, £

966

Fig. 3

Correction of stress-~strain curves
when error is in magnitude of strain
and is proportional to load.

The correction is made as an increase—
or decrease in strain which is

proportional to the stress. K £
/7 Actual Etrain = measured strain - —ir-—
(B, = == 1),
//(; ¥ E, )
/?é;/
/
Strain, €

Figure 3.




NACA TN No. 966

Stress, T

Fig. 4

Correction of stress-strain curves

when error is in magnitude of strain
/ and is proportional to strain.
The correction is made as a constant —

// percentage increase or decrease in
strain.

Actual strain = K2 measured strain ——

B
Ko = "2
( = Z2)

Strain, ¢

Figure 4.
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966

Fig, 5

Stress,

l

Correction of stress-strain data when
error is in magnitude of load and is
proportional to the load.

The correction is made as a constant —
percentage increase or decrease in
stress,

Corrected stress = Kg measured stress —

/ By =il
4 . Ea)
Strain, ¢

Figure 5.




