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Young's Modulus, Tangent Modulus, and Chord Modulus’

Thin starcdard [y fsmed poder the Sead desizoation E 1115 the auea'er immadizely fuilewing tha dedgnallon irdicate e yar of
aigiasl wdepting o, jo the cyse of mvison, the e of last mevizion. A Jumrber in pireathescy [mdicatey the yeas of iasd maspreval &
rupersesipt apallon (e} indloates an editorin] change gnen tha los revizion of mappovil

Fpue T was chaogtd aditarizlly i May 1988,

1. Scope

1.1 This test method? covers the determination of Young's
modulus, targsnt modulus, and chord modulus of structural
materials, This test method Iz limited to materials in which
and to temperatures and stresses at which creep is neglizihle
comparsd to the strain produced immediately upon loading
and to elastic behavior,

{2 Because of experimental problems associated with the
establishrnant of the origin of the strese-strain curve described
in £.4, the use of eithar initial tangent modulus (that i8, the
clope of the stress-strain curveat the orgin) or secant modulus
ia not recommended and thelr determination is outwde the

sonpe of this test method.

4, Releranced Documents

2.1 ASTM Standards:

6 Definitions af Terms Relating to Methods of Mechan-

fcal Tagting® ;
E 8 Test Mathods of Tension Testing of Metallic Matarals?
EQ Test Methods of Compression Testing of Metallic
Materlals at Room Tem

E 2| Practics for Elevated Temperature Tension Tests of
Metallic Matarals®

E 74 Practios of Calibration of Fome-Measuriog Instru-
ments for Verifying the Load Indication of Testing
hachinas®

E 83 Practice for Verificatdon and

Extensometers’ :

E 151 Practice for Tenson Tests of Metalic Materials at

Elevated Temperatures with Rapid Heating and Con-
veational or Rapid Strain Rates’

2.1.1 General Corsiderations—While certain portions of
the standards and practicss Usted are applicable and should
b refereed to, the precision required in this method is nsually
higher than that required in general testing.

\Thiz et method ! goder the of ASTA Comedttes E-28 oa
Mechanica] Teseing and 1y ths direct nepopbitity of Suboommities E18.03 cn
Flast’z Propeniies and Deffaltinas oo Mechanisl Tenlcg

Corment afftan appooved Juns 25, 1932 Pubilshed Augast 1982, Crignaly
publikrd aa B 154 - 55 T. East previous sfigon B LU= 60 (1978

T et rethied Ix o revisiom ofE EL1 = 1¢I5, “Young's Modulu at Room
Tamperzure® aad jnclydes agproprisia rejulmmenh af B 23} —&5{1975), "Staa
Ditermipntion of Yooyt biodulus of detuls o1 Lo 1zd Elrmated Temperamres™
10 permlt he evemtua withdrawal of the [atler mathod, Method B 231 [z ander the
furiwletion 2f ASTM-ASWE Toini Coeitiss oo 5% af Temperirazs an tha
Progerty of Melt

T dppun! Bock alf ASTH Standads, Vel 0201,

A Tisecaausd, sea J087 Anavsl Foeak o AT Standacds, Vel 010L

Classification of

3. Terminology

3.1 Young's modulus—the ratio of tensile or compTessive
gtrasd to corresponding strain below the proportioral Fmit o
the material {56 Fig. lal.

1.1.1 tangenf moduhu—the slope of the strows-strain e
at a specificd value of stress or strafn {see Fig. 1b).

3.1.2 shord medufus—ihe slope of the chord drawn te.
tween BOy two specified points oo the stress.sirain curve,
below the elastic imit of the materal (see Fig. Ic)

3.1.3 accuracy—-the degree of agreement between ap ac
cepted standard value of Young's modulus {the average of
many abservatinns made according to this snethad, peeferably
by many ohservers) and the valus determined,

2.1,3.1 Increased accuracy js aseociated with decrmased hine
relstive to the sccepted standard vaiug; two methods witk
equal Tias relative to the accepted standard value have equai
accuracy sven if one methed is mors precise than the other
See alsa bics and precislon.

2.1,3.2 The accepted standard value is the valus of Young®
modulus for the statistical universe being sampled wang this
method, When an aceeptad standard value i not available,
apouracy cannot be established |

3.1.4 precirisn—the degres of muteal agrecment among
i:;,di"ddual mesmrerrants made under proseribed liks condis
tic, :

1,1.8 hias, statistical—a constant or systematic mer io
test resilts. ; '

3,1.5.1 Bizs con axist betwesn the aceepted standard value
and 3 test rasplt obtained from tiis method, or betwesn twe
test reyults obteined fram this mathed, fir exzmpls, bemwesn
operators or betwesn laboratores. ;

3.2 For definitions of other temms used in this metbod,
refer to Defnitions E 6.

4, Summary of Test Methed

4,1 The test specimen is loaded uniaaially and [oad 2o
cirain are measnred, either incrementally or continnously.
Tha axial stress is determined, sither incrementally or contin-
ucusly, by dividing the load value by the specimer’s otiginat
cross-sectional area. The appropriate slope is then calculated
from the stress-atrain curve, which may be derived undey
conditions of sither increasing or decreasing lead (increasing
frem preload ta maxirum load or decreasing from maz-
mum load to prelead).

5. Sigumificance and Use

5 | The valu= of Young's modulys is a materiat propers
useful in desiga for calcularng compliznce of structural ma-
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tepals that foliow Hocke's law when subjectzd 1o uniaxial
leading {that 5, the strain is proporticndl to the applied force}.

$.1 Fee meaterinls that follow ncnlinea- alastic stress-str2in
behavior, the value of tangeat ot chard modulos is usefid in
sstimating the change in strain far a specified range in SiEss.

5.1 Since for many matesials, Young's medulus (o tension
te different from Youag's modulus in compression, it should
be derived from test data ohtaired in the mode of stressing
of intarest,

£ 4 The accuracy and precision of apparatus, tast speci-
mene, and procedural steps should be such as to conform to
ihe material being tested ard to a rafersace standard, if
available.

55 Poecise determinadon of Young's modulus rzquirss
dua regard for the puDerows yariakles that may affect such
determinations, These mclude (I) characteristics of the spec:
tmer such as orfentation of grains relative to the directlon of
the stress, grajn size, residual stoess, previaus sirain history,
Jimensions, and eccentricity; {2 testing condiions, such as
alignment of the specimen, speed of testing, termperatuts,
temperaiure vadations, eondition of test equipment, ratio of
erre in load to the range in Joad values, and ratio of eTor in
extensinn measurement to the @nge it extension values used
in the determinatien; and () interpretation of data (ses
Section 9.

5.6 When the modujus determination is made at strains in
excess of 0.25 %, cormection should be made for changes In
crnss-sectional area and gage length, by substituting the in-
stantanequs cross section and instantaneous gage leagth for
the origlnal values.

57 Compression rssnlts may be afected by barreling {se=
Test Methods E 9), Strain measurements thonld therefors te
made in the secimen region waers such cffects are minimal

&, Apparabus

g1 Dead Welghts—Calibrated dead weights may be used.
Any cumylatlve errors in the dead weighta or the dead welght
loading systern shall not exceed 0.1 %.

6.2 Terting Machines—In determining the saitability of a
testing machine, It is advisable 10 calibrate the machine under
conditions approximating those undsr which the dstermina-
finm is made, Corrsctions may be applied to correct for proven
systematle errors in load.

6.3 Loading Fiaures—Grips and other devices for ohiain-
ing and maiataining axial alignment are shown In Methods
E & and B 9. It is cssential that the loading fixtures be properly
desigied for vse at the required temperaes, and that they
be properiy oalntained.

64 Extzsometers—Class A or Class B-1 exlensomaters an
described in Practice E 33 shall Te psed depending on the
degree of precisipn requirsd Corrections may be spplied for
proven systertatic &rrars in strain. Such correctons shall aot
b considered as changing the class of the extenzometer. It 18
recommended that an averaging extensomesss o the average
of the strain measursd by At least two extensometers arranged
st equal fntervals around the qoss cection be used. If two
extepsomaters are tsad an other then round sections, they
should be mounted at ends of an axis of symmetry of the
sectien, If 2 load-strain recordar, stain-trapsfer devies, of
straiz follewsr is ssed with the extensomales, they shauld be
calimpgted ac 4 unit in the sams mMAanner in which they are

wsed for determination of Young's madiuius. The pag=lenoth
shal] be detertained with aa aecuracy cocsistent wizh the
precision expected from the moduivs dstermination aod from
the extensometer used,

More 1—The accaragy of the modulus dererminasoz depeod oo the
peocinion of the srale melsarzmenl. The latter man be impeaved by

.jpezeesing the page lergth, Thia may, bowever, prosat priless ln

maiatsining spermen tolrrances and temperatoos upilzzaily.

6.5 Furnaces or Heaiing Devices—When detesmining
Yourg's modulus at ¢lavated temperatirs, the fumace oF
heating device used shall be capable af maintaining @ 2aiform
ternperature in the reduced cection of the fest speciamen so
that a variation of not more than +1.5%C for temperatures
up to and including 500°C, andl mot mers than £3.0°C for
temperatures a2ove 200°C, ecour. {Heating by seif-resistance
is pot recommended.) Temmparaure sharges within the allows
ahle limits should be minimized, sivce differsnces in t=ermal
expepsion between speclmen apd exttnsorisrer parts mAv
cause significant errors in apparsat srain

6.5 Low-Tenperature Boths and Refrigerseion Equip-
yrani—Wihen detsrmining Young's medalos at low temper-
anires, an gppropriate low-iemperature bath or reSigeretion
svstem i3 required to maintain the specimen at the specified
temperature during testing. For 2 low-temperature bath, the
tower tension rod or adapter may pass thronugh the bottom of
an insilated container and be welded or fastaped to it to
prevent leakage. For temparatures to about =30°C, chipped
dry ice may be used to cool an grganic solvent such 23 athyl
aloghol in the lowsternperatire bath. Ocher crganic solvenis
having lower solidification temperailics, such as methyloy-
clchexane or lsopentane, may be cocled with Bguid aitrogen
to temperatores lower than Z50"C, Liquid pitrogea may be
nsed to achieve B testing tempefailc of —196"C, Lower
testirg temperaturss may be achieved with liguid hydrogen
and Laquid hsfinm, but special comfainers or crvostats are
requirsd to provide for minimipm heat Jezkags to permit
efficlent uss of thess coclants, When liquid hydrogen {s wead,
special precautions must be taken to wvoid explosions of
hyydrogen gas and air mixtares. If refigeration squipment Is
wsed to cenl the specimens with air as the copling medium,
i1 desirable to 2ave forced air dirculation ¢ nrovide upiform
eaaiing.

MoTE 2—At low temperatuges, when asiag & eaolant bat’, imopes-
Seo-tYpe cxtenenmetars pre recormeaded.

7, Test Speclmens

4.1 Selection and Preporation of Specmens—Epecial cars
ghail be takea to outain reprosentative specimens which are
straight and uniforea in ef0ss cectian, If scaighteaing of the
mataral for the specimen iz required, the resaitant residy
ctresses shall be remaved uy 2 subsequent seoesa relief heat
trestment which shall Be reponted wish tha test resuits,

72 Dimensioni—1n genemal, it is recommearndad that 10
lecgth of specimens (and raelivg of Bilers in thezaze of sension
speciens) be greater than she mipimpm reqiirements for
generak-purpose spacimens. 1o addition, *he ratla ef leegth te
crass section of comprassion specimers should be guch as to
avoid huckling fese Test Meracds B &l

Moy 3-For examples of rensicd aod comestion fpesmest, BT
Test Methods E2aad EJ
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7.3 For tension specimens, the center Lnes of the grip
sectinns and of the threeds of threaded-end spesinens shall
be conesntric with the ¢snter line of the gage section within
clase tolesances in crder to ohtain the degrec of aliznment
required. If pin-icaded sheet-type specimens ats uzed, the
cartess of the aripping holes shall be not mors than 0003
times the width of tke g2ge stction from its center line, For
sheet-{ype specimens, it may be necessary 10 provide small
1abs o7 notehes for attachkiag the extensametes,

MoTE 4—The afect of secentels losding may be ustrated by caleu-
lating the bending moment and stresy thus added. For a stegedand 12.5
mm diameter specimen, the siress Incrmase is 1.5 % for cach 0.025 mm
of eecentricity. This cror increases ta akout 2.5 % per .02 mm for 2
$-mm digmster specimen and i3 zhout 3.2 % per 0.025 mow for 3 §-mam
diameier rpesimen.

74 It is recommended that the lepgth of the reduced
section of tension specimens exceeds the gage length by at
least twice the diameter o¢ twice the width, that the length of
compression specimens ks in accordance with Test Methads
¥ 9, and that specimens be uniform in diameter or width
throughant the gage length.

MoTz S—If i genaral purpsces tndon specimen such 25 thase chawa
in Methocs B &, having o small amount of taper in the rerduesd section
is used, the gveags ron-sacdone! areg for the gage length showdd b=
uted in eompuling stress

1.5 For compression speclmens, the ends shall b Hat,
paralle] and perpendionlar to the lateral surfaces as spacified
in Test hietheds EQ,

8, Procedure ;

8.1 Far mast loading svsterns aod test specimens, effects
of backlash, specimen curvature, initial grip alignment, etc,
fntroduce significant emors In the sxtensometer ontput when
applying a small load to the test specimen. Measurements
shauld thersfore be made from a preload, known to be high
enough to minimize these effiects, 10 some higher load, =tll
within either the proportional Hmit o elastic Limit of the
material. For lineady elastic materals, the slape of the
straight-line portion of the stress-strain curve should be estab-
ished betwesn the preload and the proportonal limit to
define Young's medulns, If the aetual stressstrain cuyve is
desired, this line can appropriately be shiftzd along the strain
axis ta coincide with the origic, For nonlincarly slastic ma-
terlals the tangent or chord modulus may te established for
stress values ranging from the approprate preload to the
elastic limit.

8.5 Measirement of Specimens—Make the measurements
far the determination of aversge cross-sectionai area at the
ends of the gage length and at least at one intermediata
lacation. Use any means of messuring that is apakle of
producing ares calenlations within 0% ACCUTALSY.

8.3 Affenrteni—Take special care to esurc as naarly avial
loading as possible, The strain increments between the initial-
load and the final-lead measurement oo opposite sides of the
specimens should net differ from the average by more than
3 %. For pin-lcaded shest-type tension specirmens thiz degrae
of slignment can be attained iFthe gripricg bolss are lecated
within the toleranes statad in 7.3.

8.4 Scaking Time of Specimens ai Testing Tanperature—
Afer the specimen to ba tested kas reached the testing tem-
peratucs, it js neoessary 1o graiatain the specimen at tte

testing temperatars for 2 sufficient leagh of Eme to altajn
equilibrium conditions in regard {o the emperature of the
gnecimen, sxtanzpmelar BIPRS00 OF contracton, et belfors
spplying the load.

Moz —1t iz recommended that weak dme and bt temprEturs b
| Bfin {25 @mm) of soesicen thicknen 4o dametes,

If the temperatere af the syatern e 20t woifor= Ty the dme leading of
the specimer it sasted, variaticns n thermal expantion will be reftecied
in the modulns Lre. Farthermers, Jucuations in temperters of the
cvrensameter extenslans, far exsmpls, dusing deaticg whish rencht fom
ycling of the furzacs temperaturs or changes in the vl af the cacling
bath may alvg eiliet the slope of the madnlus lae.

£.5 Speed of Testing—The speed of tasting skall be tow
encugh that thermal effects of adiabatic axpansion or con-
traction are negligible and that accorate determinaden af
load and extension is possible, yet the speed shall be high
enaush that cresp will be negficible. It loading with dead
weights, avaid temperary overfeading dus to inerfa of the
weights, The swain rate should ke reportad.

Mome T—It is meammendad 1kat a minimum of e reoe be mede

for each specimen. Carm must be taken 5o hat tae proporticoal Emit in
the ense of Young'y medulus, znd s glasic Fmit [0 the case of toe
tangent or chard madeluy, fs aot ekeeeded, Each of the theze values or
the aversge may e reporiad s long as the method for gettng them i
dlzo peported,
More 8 -It i reocgoizad that Young's medulus, tacee=t modulus, or
chard modulus for § sven specimen may by Astermired alang with rield
strength and tengls stength wsing a single leading cyuie. I modules
walues am reparied ot tests mads in thiz way, the fart that anly qoe
loadlng cyrle was ured shanld be staied, On the other hend, thres oycles
within {he alzeHe trxian 28 reoammended in Nots 7, can ke made in
determining the modubus, before giraining the specimen info the aigstic
raogs to determins Yield and tensile sroagtha

8.5 Termpersiure Confrol—TRe svegpge temperature CVET
the specicten gags lenpth should net deviate fom the indi-
cated nominal test temperature by mers than £2°C, In ele-
vated-temperatise fests, indicated jempayamire vanations,
along the gage leagth of the specimen ghonld not excesd the
following [imits: up to aad induding 900 = L5"C, dbove 700
= 3,0 (Ses 6.5.) -

MorE 9-—The terms Yindicated noming? emperatore” or “ndicatd
tempezaturg” mean the temporatre that ix indfesried by tHe tampomyaITe-
meanzing dovies wing good pyrometric pracics’

TNOTH L0=—It I8 recranized thet actysl temperatioss @ay vy Do
shan the indieated temparatiess, Tha use of “indicated rempers;ures™ for
{he Hmits oF pecmisTila variation in temperatirs ars nat to be corsreed
a3 mizimizing the ‘mportance of good practics and prosiee temperatire
sontrol Al laboratorict ane obligated i keep the varlatce of adimed
tasparature frem e actual toaperature 2t soeall ar b aractical. Te-
peraturt changes during the tost, withis the allowakie Umits, can 3%
ggnifizant strain wrors due o diffe=nos [n theral axpansion of b
tect specimea sed sximsemeter pans, Temperate Sanges showid be
minirsized whils malking strzin meanrmesls.

£ 7 In low-termperature testog 1n whickh the Bath is eooled
with drv ice or in which a refrigeration sysiem is used, the
ternperzturs of the medium around ihe specmen should be
mainfained &t tamparatures within [.5'C of the specified
torpperaturs, Meamirement of bath temperatures of of eirem-
latipg a°r fromt 3 mefrigesation svsem may be doze witb a
copper-coastartan thermacouple or & suitasle thermomeisr.

$Far Rywasr mformral e on ‘empemrars saswel And remmyr=tEny, L Panel
Flamstad a7 Pyramairic Frachcet, ASTI ITF 78 1955
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I the spscimen is submerged in 3 nath at the boiling paint of
the bath, sufficient soaking trme (ses MNate 6} st be allowed
to provide squilibrizm conditions. Specimens tested in bail-
ing liquids must meet the temperature control requirements
specified in 8.6,

8,71 Cautian—The boiling point of 2 commercial Equid
a3 may not be (e same as the published temperanere for the
pure liquid gas.

8.8 Tamperuturs Maaruremeni—The method of temper-
ature measurement must be suficently sensitive and reliable
ta emsure that the temperature of the specimen i within the
Hmits specified io 8.6 and 8.7, Thermecouples in conjunetian
wits potentiometers or miliivelt meters are generaily used to
ieasire temperatures. A discussion of remperahirs melsyre-
ment and the use of thermocouples is given in Recomirended

Fractice EZL,

9, Interpretation of Data

9.1 Ifaplot of load-versus-2xtension 1§ obtained by means
of an autopraphic recorder, the value for Young's modulus
may be obtatned by detarmining the slope of the lins for
Joads less than the load correspouding to the propordonal
Jimit. Choica of the lower load point depends on the limfta.
Hons sez fortt In 8.1, Young's modulns is calentated from the
|oad inererment and correspunding extension increment, be-
twesn two points on the fine a3 far apart as possible, by use
of the fnllowing equation:

5=/ )
where:

A, = 1pad increment,

A= original cross-gectinnal area,

A, = exiznsion incrergent, and

L. = oripittal gage fength. .

The precision of the value abtained for Young' moduhs will
denend upon the precisicn of sach of the vaiues used in the
caloulation. It is suggested that the report include an esfimate
of the pracizion of the mporied velus of Young's modulus
Lased on the symmation of the precigons of the respetive
values, When the moduius determination is made at srains
in excess of 0.25 %, corrections should be miade for changes
in eross-fectonal area and gage leogth.

9.7 If the loadsversus-extension data are abtained in ou-
mereal form, the errara that may be intreduced by plofting
the data and fitting graphically a straight lime to the expern-
mental points can be reduced by determining Young's mod-
ulus as the slope of the straight line fitted to the appropriate

wABLE 1 Flithtg of Siralght Lines caeflclenl of Yarlalen of Stape

TAELE 2 Fltimg of Steafght Linea for 35 % Confldenca lntorel
Porcantage Yaluss of Slope Conticence Imterval ()

Bamnpia Corlntien Coedtnlana ()

Oata a4 grede

nagcos  D.ETE00  0.399%0 039953

3 1271 =80 631 #1783 28T

5 3182 Sed 3.2 2.8 na

it 2,305 113 a8 1.2 0.4

27 2101 7n 22 07 8.z

10 2. 25 1.7 13-} na7

1D 2611 &1 1z% n.41 04129
123 1.984 23 09 pgs 6.8

diara by the method of least squarss, This method also permits

statistical study of the data and therefizee an evaluation of the

variability of the modujus within the stress rangs employed,

The equation for Young's modulus fitted by the methad of
least squares (all data pairs having equal weight) ist

Young's modulus, £ = (Z(AY) - ITTHE X2 - XT0

wherts
F = applied axial stress, and
X = corresponding strain. :
In tacns of the measused [oad Frand measured original Sross.
sectional area A, and gage langth L,
X =4
Le
Y = &,
A
¥ %::Et averags of ¥ walues

%= 2x

verage of U values

K = gumber of .X,¥ data pairs and Z = sum fom 110 %
The coefficent of daterminaton, r°, indicates the goodness
of fit achieved in a gingle tagt, This coeffGeiant i defined as

Follows:
ﬁ-ﬂ:xr-ﬁf—}ﬂ/ﬂ:u’wp—ff zri—-E?'D

Valuss of 7 closs to 1.00 are Jesirable (s2¢ Table 1}
programmatile cileultaters Jave hiit=-1n prograns
far miculating (the depes of sraight lnes Stted to g pumber of dagq pairs
apd thetr coefTiclent of detezmination, Detads of the procedurs may be
Foend i mandard textbeoks a0 statistics or gumerical acalyds 47
A eoeffictent of variation'® ¢an be assigned 1o the sope a8
foilows {ses Table 1 for representative values):
1

-1
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STRESS

o

ig) Youg's Modube Between Streag 2, betw Presardonal Lmh znd & or Preoed

) Tangant Moo of Ary Stress A

pf-———— —7%
=1
o
&=
-
L]
2 = r
o STRAIN

fe) Eutinl Modihes 2atwaan Any Two Stresses P and 5

F&. 1 Straas-Sirain Clagrants Showlng Straight Linas Cormsaponcing te (a) Young's Wedulus, (&) Tangent Maduhos, end (o} Chard
bochsiu

where: .
¥, = coefficlent of vadation, %

Notz 11—I is recommendsd 1hat the ceefigent of vecation be a0

lerger tham 2 9: heotvevsr With care, valdes Jesy then 0.8 % Bave besn

forand 10 b gehizvable in lumingm alloys.
9.3 In deterrnining the sireas range for which data should
be vted in these calenlations it is often helpdul to sxamire

the data by the strain devistion method.*™>" For this test -

methed, random varlations In the data ere considered as
varfaticns in sirain, a frial medolos & chosen o that the
deviztions will ba spnzll, and the simin deviabions ar calen-
lated as fhitows Strain deviation = srain -- (stress/toial
madulns). These deviations are plotted o 3 larze scale as
absciseas with the stresses o loads as ordinates (Fig. 2), The
stress range for which data am used for obtaining Young's
madnlus may be determined by examining the deviatiog

tSmith, C. 5., “Froporticoal Dimit Tesss oo Copper Aloys,™ Procspdimgr,
ASTM, Vol 40, F974, p 864,

= MaYatty, P. Gy 60 Machel, M. L, "The Tensdls Preperties of Suizlen Tmo
aod Cher Allgy= a1 Elzvalsd Temperatunes,® Trensarises, Axl Lo Siee] Treating,
Yal 11, 1527, po. 78-%L

B Dscimglen v L BL Tuckevman of peper by Teopilo, B L, *Toe Detarml-
natlea 32d Sipmificance of thz Properionsl Limit o the Testieg of Metalz®
ProceedTags, 4STW, Vel 19, Pad 1L 1534, . 436,

J‘M < :\ )t}:“i"” e "-f'*- r-é:%._.__a————*——\l
Tk .

B

graph with the aid of transparent paper on which thres equally
spaced lines are drawn as indicated in Fig. 2. The spacing of
the lines is determined In genernl by the random varintlons
in strain deviation (extensormstar least conmth,

9.4 Young's maduine may also be determined by means
of the deviation graph by Stting graphicelly a srzight lize to
the appropriste points, From this iine the deviation Increment
cormesponding to 4 given stress inersment can be read and
substhated in the following aquation:

Youog's modutus = 4/77(4/5) + L7

where;

4 = girees Increrment,

B = trial modulug, and
€ w deviation iocement
It is suggesied that the strain correspording to the spacing of
the parallel lings be maported as measure of the variability of
the data, '

9.5 In the case of noplingar elastic materfals, ths stross-
strain curve meay Be obiaiped by Giting the load-versus-
extension or load«versus-strain data pairs to a pelynomial
approximation’ and the ¢hord modulus obtainad in caloulat-
ing the slope Betwesn two specified seis of data pairs Below
tke elastic limir co the ftdng curve. The cheice of the lower
of the two sete of fata pairs depends on the limitations set

Lol Rt ey g
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[ Ealansdretar 5 i v
\ I = pereent of Sope conficence interval,

V, = coeficient of variation, expressed in pareens (s2z 8.3},

3\1 and
|| ﬁ ¢ = — statistic from standard tables at K — 2 degress of

fresdom apd confidenca level selested,

400

Table 2 gives an example of represcatadve values calenlatad
usipe a 95 % coafidercs interval.

ET; 10. Precision and Bias

\ 10,1 Pracision—The following parameters are répored to

impect upon the precision of this test method:

10.1.1 Charactsristics of the specimen such as orismtation
of grains relativs {o the axial stress, grain size, residual siresg,
previous strain histery, dimensions, and eccentriclty,

10,12 Tasting corditions such as slignment of the spaci-
? men, spead of testing, temperatire, temperature variations,
conditions of test equipment, ratio of error in load (0 the
range in 'oad values, and ratio of ervor in sxtonsion measurs

——

Load, Ib

ment to the rangs in extension valuss
~10.1.3 Interpresation of data such as wiiether graphical or
digital data were taken, calibration of reenrding or data-
logging devics, number of data pairs used to abtain slaps aof
straes-sirain curve (ses Table 1) One measure of the precision
of Young's modulus it the confidence mterval for the come
puted regression line as shown In 3.0, Tretmils for obtaining
such confideges intervals may be found in Refs, 8 and 10,

10,2 Blas—a siateraent of bizs of this test method reguires
reference standard valuss for oo or mor materfals Based oo
many measurements. Such standard reference yalues are
presently not avaitatle :

Nore 12 -While & ' amaunt of pubiished dals on Yousg's mod-

aooocnz 0 0.00002 GO00C4 ' s of varous materials
=train Deviation

are available [n the open litaratyrs, o [ wniikely
thet these data had been determined by using the exsct procaduse
Juscrfbed [n this tedt method This will sequir InterTaboratory e

M. 2 Load-Devlatlon Greph ) mmuﬂhﬁghpmdumofﬂ:tﬁlm&bﬂnnﬁdﬂmmw

fialy, Thereform ¥t the prosent me, the bins of the test method 2k
unkmowa, Hawever, cabbeation standards are aveilable for janlivy ma-

forth i 8.1
9.5 To establish conficence intervals for the regrescion line  chinet and measuring deviert, Hence, the degres of agreement of ao
the following equation may be used: indlvidual or Average determinatlon betwesa tegling machide and meds
=7 m ¥ suring device and cailbretion sandapd should be mated,
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