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SUMMARY ..
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° There are several constants which have been devised
as numerical representations of the behavior ‘of ‘metals under
the action of loadings which stress the metal within ths .
range of elastic action, Some of these‘constants, such as
Young's modulus 0f- elasticity in tension and -’ compressiOn
shearing modulus. of elasticity, and Poissonts fatio, are |
regularly, used in- engineertng calculations. Precise* tosts-
end experience indicate thet these elastic constants ure_f .
practically unaffected By~ many of. the factors which influencegx
the othgr meahanical-pvoperties ‘of. materialg and that a few
careful determinations ‘under proPerly controlled conditions
are mors useful and reliable then many determinations made
under less favorable conditions. T : :

it is the purpose of this paper to outline ‘the methods.hx--
employed by the Aluminun Resoarch Laboragtoriles for the deter— .
mingtion’ of some of thegé elastic constants, fe ‘Tist the values”
that have been determined for ‘some of the. wraught aluminum al-
loys, &nd to indioate the variations in the values that may be ; *
expected for some of the commercial products of- these alloys. .

'e

*In this disoussion from the viewpoint of  the ‘dogigning
engincerfs’ interest "procise" is intonded to mean within
limits of -error of about 1 percent, The authors appreciate .
that other more precise methods ars avallable,; with which
the elastic constants .of metdls can, be determined within'
closer limits. Such degree 'of preoiszon “however, is gener—
2lly of -more interest to! the physicist and the aéodemic re-
search worker than to-the designing e
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METHODS OF DETERMINATION OF ELASTIC CONSTANTS

Since the evaluation of an elastic constant of a metnl
involves the precise determination of the strains resulting
from stresscs set up in tho material by applied lcads, it is
essentinl that the loads be known within suitable limits of
accuracy, The loads are usually applied by means of one of
the many types and sigzés™of commercially availadle testing
machines, Even though well-recognized standard methods (ref—
erance 1) of verification of testing machines are followed in
calibrating the machines to be used in detcrmining the elastic
constants, yet it should be noted that these standard methods
of verifications are primarily intended to0 check the machincs
within limits suitable for acceptance testing of materials
against product specifications, Present verification stand-
ards require that a testing machine shall heve errors in its
load readings not groater than Xl percent, within the loading
range to.bo usecd, . 3 C

. For the precise determination of the.elastic constants
of metils, smallbr limits forfthe loadl errors are necessary,
This may not require a testing machine with smaller errors
but (a) the magnitude of the errors must be known within
closer'limits; (b) the sensitivity of the machine must be
commensurate with the smaller ‘error limits: (c) the repro-
ducibility ‘of the indicated .loads must be within about the
same smaller limits; and (4) the loads must be indicated
within suitable limite undor the conditions.used during tost—

ing. (referénce 2), .

In attempting to meet ‘thesé requirements the Aluminum
Research Laboratories have made three separate calibrations
of each load rgnge. of the testing machine to be used; the
average of these threec sets of data compared with the data
from the National Bureau of Standards' report on the eglis
brating device used; and the logds indicated by the testing
machine corrected.in accordance with the aobserved errors,
Oomparisons of the individudl readings f£or cach of the &if-—
feront loads used -in ‘the three calibration runs show the
sensitivity nnd reproducibility 1limits obtaining,  Very slow
rates of loading are uscd.to minimize if not climinats any
dynamic effeets, ' o ' '

Tho calibrating devices used, proving rings, Amsler
boxes, ond similar elastic devicesﬁghave becn calibrated by
tho Notional Bureau of Standards with their dead—weight
machines (reference 3) and found to have errors within less
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then £0,2 nercent, The errors in the National Bureau of
Stendards dead—welght machines: are leoess. than 0,02 percent
and the maximum permissi%le deviation of each reading of an
elastic calibrating device. is iO 2 percent froo an avarago
of at least three readings under the same load, Using these
calibrating devices and following the procedure outlined i%
lg possible %o determinse the tensile and compressive loads
usged 1n making precise tests within *£0,3 percent,

Similar. consid ration must be given to the verificatlon
of the étrainomoters to be used in making preclse determina—
tions of the'. alastic :constants of metals, Unfortunately such
standard mqt@ods 8T8 net :in existence &t the present time,
Proposed standard metheds,*howevor have heen prepared by a
" membor of the &taff -0f \the National Bureau of Stondards and . )
published by the Adorican Society for Testing Materials (re£—+
erence ‘4), 'Ino. these pnOpOSed nethods, straidometers are T
classifiod 'intd five different groups of which CGlass & is
the one suitable for the,precige determinativh “¢f the elastic
constants of metals,“ The naxinun perpissible error of indi-
cated strain for this clnss of strainometors is 0,00001 inch
per inch, The Tuckerman and Martens mirror anparatus (rcfer-
ence 5) are represontatzve ©0f. the itype .of: gstrainometer which
would comc within tnis proposed Class. &, - The Aluninum’ Research"
LaooratOrius have. a,. Tuckerman autocollimator and - four Optical -
strain gages’ each of which hes been individualiy calibrated -
by the National Burean; of, Standards (referenzé 8), and sulteble'
constants furnished for use with each of the'l gages. ‘These '
calibFation: results 1nd1cgte t-hat these gages will give strain
values within ébout £0,2 percentp

-

il

This . Tuckerman apparatus and the’ Natlonal Bureau of’ .
Standards' calibration data for-it have been uged by the Alu-
minun Bessaréh Laboratories “t0 ‘check 'the Templin ‘strainometer
calibrating device (reference 7). Thig device is used to v
check other stralnometers such as the Martgns mirror appara—
tus, Ewing, Riehle, :and Olsen eXtensometers, Huggenbergcr ,
tensomctcrs ‘and sa forth . The results ohtained in checking
the strainomoter calibrating device with ‘the Tuckermsan anarﬂf.‘m
tus indicanted’ thet the calibration factor for the devige, on
the basis of. many check runs varying by about 0,1 perceni
could be deteripined within -pbout:*0,2. percent, corrosponding'
to the error limit mpntioned prgv1ously for the Tuckerman
apparatus.‘i

t

"'J.-«J‘I:ff.‘f';' i .HJ.J it "_ - '-t ”__"_ s el
It ig nccessary ;n the precise detbrmlnation of tho '
elastice constunts of netals $0-load the: sPOcimens uniformly

and axially so that the stresses induced in the specimens will
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be as uniform as posgible (reference 8)., Experience has
shown that 1t is uﬁually ngcesshry to provide special fix—
tures or devices t0 insure uniform stressing of the speci—
nens within closor 1linits than would be .obtrined with the
devices generally provided "'with. qommercial ‘testlng machines,
In the case of tengile specimens satisfactory results hava
been obtained by the use of threaded adaptors supported ia
the testing machine by suitably designed, precisely made,
and proporly lubricated’ snherically-eoatod tengion bolts.
Other types aof shackles (reforencos 9 and 10) also have
given satisfaotory’ results. Using such equipment it has
boeen ‘found . by :actual tests that the deviation- -of strain
from thke avorage valuo ‘as measured  af various IOcations
around the specimen, ‘wili be within 1. pcrcent “Averaging.
strain reoadings. fram Dppoaite elenents of ‘thio™ sp;bimen will
reduce - tris oPror- qioso to that of rhe strainomoters used

. For specimens under compre351on 1oads, greater diffr— o
cultics are often enqounterod in obtalning uniform stressing
when using the- commercial testing machines avallable, These
difficultics arise from such factors as out—of~parallelism
of "tho tcesting. machino platons, errors ih the’ pitch of the
main screws. of tha’ testing machino and . elastlc distortion
‘of the- platans hearing against the ends. of the speéimen, '
The usoc of .z suitadbly doslgned subpress (rcferencc 11) or
platens (reference. 12) in-the tosting macHine minimizes or
elininatcs mony of tle major troubles enéountored in odbtain-
ing uniform strossing of the’ compresslon spocimens, In datpn .
obfained” "1th\such apparatus the deviantions from the avernge
stross should be not moro thaoh those indicated for the tensile
test (within 1 percent), and as in the case of the tensile’
tost, aveoraging - strains from opposito ‘eloments of the speeci-
men: will reduco .this orror closc to the errors. of tho strainou—
eters, .

The tonsile tost specimon ordinarily uged for- nccaptﬂncc
tests of notals is not perticularly woll suited for uso in.
detoruining the elastic constants, 4 suitablo specinen (a)
should have a uniform cross section throughout its reduced
sectiony (b) should have the.axis of its reduced section
coincident with .the axls of ‘the ends, of the specimen; (c)
should have a reduced scction length apprec1ably longer than
the gago length; (4) should have a gradual transition in
cross scction between- tho' reduced section and the ends of the
specimen; (e¢) should be straight throughout its length; (f)
should have & scheme of gripping that will insure,. insofar as
possibloe, uniform strcssirg during loading (occurately chasod
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threaded ends or preclsely machined shouldefed ends will
meet this requirement); (g) should be machined smooth and
carefully so that any residual stresses or heating effscts
will be at & minimum and at 'leabt negligible; (h) should be
from o product free from internal straine that will cause.
distortion and .hence require straightening of the spec1mcn
during preparation; and (1) the cross—soctional area of the
reduccd scction and the gage length should be detormined
within suitable limits, say within '0,1 percenft, The type
of specimen used by the Aluminim Research Laboratories fdr
determining the tensile and céompressive elastic constants
is shown in figure 1, and in the photograph(fig. 2).

Here it may be emphasized that the procedurs outlincd
is for the purpose of determining the elastlc constants of
the motal ond not for determining the apparent effects on
the constants of many of the factors involved in the test—
ing procedure, The effects of these factors oan the values
of tensile and yield strength, for example may be of little
practical significance, yot be appreciable in their effecus
on the elastic constant values._ o i,f_ ¢ .

In all. of the calibratlon and testing procedures Just
discussed, consideration must be given to the effects of
temperature. This is regularly done by the National Buresau
of Standards in their checking of load cgalibrating devices
and was done in their calibration of- the Tuckerman strain
apparatus mentioned, It was also taken intd account by the
Aluminum Rescarch Leboratories in checking their strainometer
calibrating device with the Tuckermoan apparatus, The elastic

constant values herein glven wore dcoctermined at temperatures -

close to thésc ohtainlng for the calibration work and care

was oxercised fo prevent any .apprecicble tenmperature changegd

during thc tests of a given specimen, When determining the
elastic coastants of a material having & relatively high co—
efficicent of thermal expansion, temperature control is ocssen—
tial for precise reosults, '

The elastic constant stress—strain data, obtainéd using
the testing procedure just doscribed, should be treated by
more refined methods than generally used in..determining the ’
other mbchanical properties, . Amonhg the prOCedures that can
be used, the ohes suggented by MeVetty and Mochel (reference
13)- and Tuckormain’ (refofbnce 14) have boen .found quite satig~

factory anid.-sre regularly used by the Alumlnum Research Lebo~wi

ratories. SR e st e e
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....METHODS FOR SHEAR MODULUS

At the present tlme there a:e 0o "standard methods
for determiningxthe shear ‘modulus of metals, The values
given in this paper. were obtained from torsion tests of
golid round specimens tested in .an ‘Amsler tqrsion machine .
(Type.150/300 T87) (reference 15) which 1s provided with
a deadaweight calibratlng device and a Marftens mirror tr0p—
tometer,. :Calibration with standard dedd weights (50 1b
each) checked against a master weight certified by. the. _
National Bureau of Standards showad a maximum exzrrofl for any.
of the torque ranges used of not more than 0,3 percent,
The errors of the. trothmetar are. oelieved to -be less. than
0,2 perceut, S . RS, S

POISSON'S RATIO

The Polgson's ratio valued given have been calculated
from the well—-known relationship existing between Young's
modulus and tke shear modulus..'

B-28, - E
B = o= O e = ]
284 R TR

The ¥alues thus obtained indicate’an’ average value for )
Poissont's ratio of about 1/3, and’this value is recomnended
as sultable for: most engineerlng design purposes,

[

‘VALUES OF'ELASTIc*cénsmAﬁTs'FQR COMMERGIAL

WROUGHT ALUMINUM ALLOYS
‘Values of the modulis “of eiasticity of wrought aluminui
alloys in fension, ccmpression and shear determined in =c cord—
ance with ﬂethOds indicatad " above are givcn in table I, Tcats
have indicated that a variation of oqu about 1 or 2 percoLt is
to be expectdd in the tensile gnd coupredsive values in varicus
lots and forms of a given wrought alloy even thongh the coupo—~
sition, hoat treatuent, and cold work introduced in fabrication
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vary throughout .the complete range péermitted by good codmmer—
cial practice, The data pertinerdt to the shear modulus
values are somewhat meager dbut by inference corresponding
small differences would be anticipated with variations in

the factors Just noted, The extrems variatlons in these
constants of & to 10 percent or more, found in the litera-
ture, are undoubtedly the result of the use of testing
methods unsuited for the preclise determination of these con—
stants, A.testing technique may be entirely satisfactory fdr
the determination of tensile strength, tensile yleld strength,
and elongation and yet be quite inadequate for the precise
determination of modulus of elasticity,

Since the modulus of ‘elasticity is practically constant
for a given wrought eluminum 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, For most cases it 1s qulte satisfactory to accept
the preclse values of modulus listed in the accompanying’
table, It may, howevsr, be desiradble to determine the stress—
strain curve for individual lots of material because the port
of the stress—sirain 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
satisfactory for indicating the shape of the curve, may have
a slope for the inltial 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 considered 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 corrsction 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 imitial slope,
The following types of errors are encountered:
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1. Brrors in magnitude of:s%rain, the error being ap—
proximately proportioadl to the load.

Example:

The approximate strain on a compression membher
may be measured simply by placing a dlal gage arrange-—
ment between the platens of the testing machine so that
the movement of one head relative to the other is meas—- -
ured. This measurement will include not only the change
in length of the specimen but alsec the elastlc dlstor—
tions of the heads of the testing machine, which in a
short specimen may prove to be an appricjable portion
of the total movement. It is reasonadle to suppose
that this distortion of the heads, being-cdlastic, is - -
proporticnal to the load on the tecting machine., | | '

In such instanc#s the best proaedure for.correcting the
stress—strain curve.is -that indicated inhfiguré 3.

2, Brrors in'maénitude:of strain, ﬁhe:gfror being
approximately proportional to-the strain.. .

Exesuple:
Faulty magnification ratio in the strainoneter,

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

3. Brrors in magnitude of loads, the crrors being '
approximately proportional to the load.

Example:

BErrors in load-weighing mechanism of testing
machine. C

*Ih'sﬁch cases the~bés€ mothod for correcting the stress—
strain curve is that indicated in figure 5.

" When the tynme of error leading to the faulty initial
slope is not apparent from a consideration of the methods and
apparatus used, 1t is perhaps best to correct the stress—
strain curve by some combination of the three nethods. FPor,
example, the difference betwoen the correct modulus and the
apparent nodulus can be divided into three equal parts ané a
third part of the total correcction nade, in turn, by each of the
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three methods suggested,  The three steps, corresponding to
figures 3, 4, and 5, might be performed as follows:

1. Correct eacﬁ strain'reading so that:

K, £

Gorrected strain = measured gtrain — —E—

' - 1'/® | .

where K, = = (é— — 1). :
3 \Eg

2, Further correct each of the abonﬁcbfracted'§trains“
s0o that:. . ’ K . . '
Final stfaih_é-Kg X above corrscted stralin,

where Ka = Ega_i__E. =

(approx;)-ll— ﬁ .
'-uEa + 28 ) © '1141i -

3, Correct each stress reading s0 that:

' Finel stress =" K5 X measured stress,
B
E + 2E

‘where Kg 5 = {approx,) 1 + K, .

When thééelfiﬁﬁi.stféssés and final strains are replotted the
new modilus line will have the.desired correct slope and the
entire curve will. probably Pe much nearer its correct pos1tion

The above suggestlons for correcting data are not limis
to stress—strain curves but ere also applicable in principla
to other types of data, such as .some load-deflection curves,
in which the correct initlal slope of the curve can be deter—
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 material %o provide electro—
lytic protection against corrosive attack, In such materials
the determination of modulus of elasticity is considerably
complicated by the fact that the core and coating may not only
have different noduli but may also have widely different .


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

10 NACA TN No. 966

proportional limits., When the picces are wniformly straessed
within the elastic ‘ranige “of otk the :core and coating the
offective modulus of the piece is a we eighted aversge of the
moduli of the core "ard ‘comating. - This vnlus 1is often called
the primary modulus of olasticity of the materisi. Whexn the
proporticnal limit of the ceating is .exceeded, however, the
effective modulus of the alclad materinl, based sn the full
thickness of the. plece, decreases and quickly approaches a
value that 1s represented by ‘the modulus of elasticity of
the core matorial multivlied by the ratio of the core thick—
ness to ,thHe-~tctal thickness., This value ig often called the
sccondary modulus of elasticity of . the material. For engi-
neering purposes an-intermediate average valus is sometinmes
used which is gmalleér’ than’ the nrlmnry nodulus and largor
than the secondary modulus. - v

When a single shoet of alclad is stressed in flexure
instead of direcdt tension or compression the Question ,of
effective modulus of elasticity becomes éven mword co.plex
because thé -doating, "By virtue of its position on the ex-
treme fibers, exerts =a greeter;affect on the over—all bo-—
~hovior of the picce. Tasts have indicated that under fhese
circunstaneds.a pieceg.- ¢f alelnd 24S—T shret having a core
,thicknoss 90 perceat. of the tetal thickness will- deflect
Abprokila toly: the: sane. as & pivce of nonclad °4S—T having -
an ﬂver—all thickness eou&l “t'c 93 porcent, of the total.
(Sge referdgnce -19.) This approach tc the problem in cascs
‘6f flexure .of ainglc thicknoqses geans nore .logical than
P]trving tearrive at a valuo cfeffdetive modulus of clae—

tlcity. e '~3J .. - '

The nuthore desire’ to atknowledre the assistance of
Mr. F. M. Howell,who dircctly supervised the teéesting work
rnnuirpd 1n aotermlniny the data given in tadble I.
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Aluminun Resebrch Inboratories,
' " Aluminum Comnany of Anerica,
-+ ‘New.Kensipgton; Pa., August, 23, 1944,
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TABLE I

13

ELASTIC CONSTANTS FOR VARIOUS WROUGHT ALUMIHUM ALLOYS
DERIVED FROM PRECISE STRESS~STRAIN TESTS

Modulus of elasticity, psi x 10 ©

FEecommended
Alloy | Tension | Comprcession average Shear | Poigson's

tension and ratio

compression
25 9.9 10,0 10,0 3.8 0.32
538 g.¢ 10,1 10,0 3.8 o 22
615 2,9 10,1 10,0 3.8 e 32
528 10,1 10,2 10,2 3.856 «e33
AFLS 10,1 10,3 10,2 3, 88 e 33
758 10,3 10,5 10,4 3.9 e B33
288 10,3 10,5, 10,4 3.9 .33
178 10,4 10.6 10,5 2.95 .33
148 10,5 10,7 10,8 4,0 .32
248 10,5 10,7 10,7 4,0 .32
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Flgure l.~ Specimen for use in determining modulus
and compresslon,

of elasticity in temsion
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Figure 2.- Martens mirror apparatus and special tenslon grips as used in
determining modulus of elastlcity of aluminum alloys,
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Fig. 3

Correction of stress~sgtrain curves
wken error is in magnituds of straln
ani is proportioral Lo load.
The correction is mads as an increase—|

or Jdecreass in strain whickh is

proportional o
Actual strein =

E
K. = =—— . 1),
(By E, )

the stiress,
measured strain -

Ef

Strain, ¢

Figure 3.
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Stress,

NACA TN No. 966

Fig. 4

3 Correction of stress-—sitrain curves
when error 1is in magnitude of strain
end is proportional to strain.

The corrsction is made as a constant —
// percentage increase or decrease in
7/ Btrain.
A Actual sirain = Ko measured strain
(&, = Za
// 2 =
//
/
Strain} €

Figurs 4.
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Pig. B

NACA TN No. 966

Stresg, f

Correction of stress-sirain 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 = Kz measured stress —

(K3 = E‘E;) .

Strain, ¢

‘Figure 6.
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