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L. Scope®

1.1 These test methods cover the iension testing of metallic
materials in any form at room temperature, specifically, the
methods of determination of yield sirength, yield point
clongation, tensile sirength, elongation, and reduction of anca.

1.2 The gauge kengths for most round specimens ane re-
quired i be 40 for ERE and 50 for EEM. The gauge length is
the most significant difference between ER and ESM test
spocimens. Test specimens made from powder metallurgy
(M) materials are exempt from this reguirement by indusiry-
wide agreement to keep the pressing of the material to a
specific projected area and density.

1.3 Exceptions to the provisions of these test methods may
need i be made in individual specifications or test methods for
a particular matenial. For examples, see Test Methods and
Definitions A37T0 and Test Methods B357, and B557M.

1.4 Foom temperoture shall be considered o be 100°C to
3850 [50°F to 100°F] unless otherwise specified.

1.5 The valwes stated in 51 units are to be regarded as
separate from inch/pound wnits. The values stated in cach
system are nod exact equivalents; therefore each system must
bz used independently of the other. Combining values from the
twin systems may result in non-contormance with the standard.

1.6 This standard does noef purport o address oll af the
sifety comcerns, if any, afsocigted with ity wse. IF 0x fhe
responsitility af the wzer of this standard fo extablish appro-
priate safeiy, Realih, and environmental practices and derer-
mine the applicability of regulatory limitations prior fo pse.

1.7 This imtermational standard was developed in accor-
derce with internationolly recognized principles on stondord-
izerhionn extablished in the Decision on Principles for the
Development of Tntemational Btandands, Guides and Becom-

" These test methods are wnder the jurisdiction of ASTM Comnmitioe E28 on
Mechamicsl Testng and are the direct resporeshaliny of Subcomenmes EZE0Y on
Unignial Tesimg.
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2. Beferenced Documents

2.1 ASTM Standards:”

AZS6/AZ5M Specification for Steel Castings, Carbon, Low
Adloy, amd Stainkess Steel. Heavy-Walled tor Steam Tor-
hines

AST Test Methods and Dehinitions for Mechanical Testing
of Steel Products

BA5T Test Methods Tor Tension Testing Wrought and Cast
Aluminum- and Magnesiom-Alloy Products

BA5TM Test Methods for Tension Testing Wrought and Cast
Aluminum- and Magnesiom-Alloy Products (Metnc)

F4 Practices for Force Calibration and Verfication of Test-
ing Machines

En Terminobogy Relating 1o Methods of Mechanical Testing

E2% Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E&3 Practice for Verification and Classification of Exten-
someier Sysicms

E345 Test Methods of Tension Testing of Metallic Foil

E6%l Practice for Conducting an Interlaboratory Siudy 1o
Determing the Precision of a Test Method

E1(0 2 Practice for Verification of Testing Frame and Speci-
men Alignment Under Tensile and Compressive Axial
Force Application

D1 566 Terminology Belating to Rubber

E1356 Guide tor Evaluating Computerized Data Acguisition
Systems Used to Acquire Data from Universal Testing
Machines

E2658 Proctices for Merificaton of Speed for Material Test-
ing Machines
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LU Defiibions of Terms Commen o Mechanival Testing—
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3L The definitions of mechanical testing terms that ap-
pear in the Terminology ES apply o this tesr method,

J LT These terms include bending sirain, consiraing,
elongation, extensometer, force, gauge length, necking, re-
duced section, stress-sirain diagram, testing machine, and
modulus of elasticity,

3 1.2 In addition, the following common terms from Termi-
nology E6 are defined:

313 discontinuous yvielding, n—in o uniaxial ress, a hesita-
tion or Auctuation of force observed at the onset of plastic
deformation, due to localized vielding.

A 151 Duscussion—The siress-struin curve need not appear
i be discontinuous,

3014 elongarion after frocture, n—he elongation measured
by fitting the two halves of the broken specimen together,

J LS elonganion ar froctare, s—the elongation measured
just prior 1w the sudden decrease in force associated with
fracture,

316 fower vield strength, LYS [FL? |—in a uniadal test,
the minimum stress recorded dunng discontinuous yielding,
1znonng transient effects.

31T redwced parallel section, A, n—the central portion of
the specimen that has a oomanally uniform cross section, with
an optional small taper wword the center, that is smaller than
that of the ends that are gnpped, oot including the flles,

LT Dscussion—This term 15 often calbed the parallel
length in other standards.

372 DMscussion—Previous versions of ES/EEM defined
this terim as “reduced section,”

3 1B wediecrion of area, n—the difference between the
original cross-sectional arca of a fension fest specimen and the
arca of its smallest cross section.

31.E.1 Discussion—The reduction of area is usually ex-
pressed g g percentage of the original cross-sectional area of
the =pecimen.

A 1LE2 DNscussion—The smallest cross section may be mea-
sured at or after fracture as specified for the material under test.

LB Ddecussion—The term reduction of area when ap-
phied 1w mewls generally means measurement alter fracture;
when applied 1w plostics and elaswomers, measurement ol
Tracture, Such mterpretation is vsually applicable 1w values for
reduction of area reported 0 the Ieraure when oo further
qualification i= given (E28.04)

319 tensile sivengih, 5, [FL™], #—the maximum tensile
stress that a material is capable of susiaining.

3191 Discussion—Tensile strengith is calculated from the
maximum force during a tension fest carried to upture and the
original cross-sectional arca of the specimen.

ALY wniform elongation, B, [ j—he elongation deter-
muined at the maximum force sustaned by the st specimen
Just prios i necking or facture, or both

3000 Isowssion—Uniform elongation includes  both
elastic and plastic elongation.

3111 upper vield sirength, UYS [FL J—in @ uniaxial tesr,
the first siress maximum {siress ai frst zero slope) associated
with discontinuouws vielding at or near the onset of plastic
deformation.

[E¥]

3112 wield point elemgation, YPE, n—in & uniaxiol fest, the
strain (expressed in percent) separating the siress-strain curve's
first point of zero slope from the point of ransiton from
discontinuous vielding 1w uniform steain hardening.

LI Dhsepssion— IF the iransilion occurs over a range
of sieain, the YPE end point is the infersection between (o) a
horizoatal line drawn tangent to the curve at the last zero slope
and [} a line drawn tangent o the strain hardening portion of
the siress-sirain curve at the point of infection. If there is o
point af or near the onset of yiclding at which the slope reaches
zern, the material has 0% YPE.

3.1.13 vield sirength, YS or 5 [FL %), n—the engincering
stress at which, by convention, it is considered that plastic
clomgation of the motenal has commenced.

1131 Disenssion—This stress may be specified in terms
of (@) a specified deviation from a linear stress-stroin
relationship, b)) a specified todal extension attained, or (c)
MEXLMUm O minimum engineenng stresses messured during
discontinuous vielding.

332 Defmitions of Terms Specific to This Standarad:

32 referee fess, n—test made to settle o dispgreement as to
the conformance to specified requirements, or conducted by a
third party to arbitrate between conflicting resulis, D566,

Dri1.0s

4, Significance and Lse

4.1 Ten=on tests provide mformation on the strength and
ductibiy of materals under umiaxial tensile stresses, This
information may be wselul in comparisons of matedals, alloy
development, quality control, amd design under cedain circum-
sLAnCES,

4.2 The resulis of weosion tests of specimens machined w
stamdardized dimensions from selected porions of a part or
msterial may ool wially represent the strength and ductliny
properties of the entire end product or its in-service behavior in
different envirnments,

4.3 These test methods are considered sansfactory for ac-
ceplance testing of commercial shipments, The test methods
have heen used extensively in the teade for this purpose.

5. Apparatus

5.0 Tesning Mochines—Machines used for tension resting
shall conform 1o the requirements of Practices B4, The forces
used in determining tensile strength and yield sirength shall be
within the wverified force application range of the testing
machine as defined in Practices E4. Where verification of the
testing machine speed is required, Practices E2658 shall be
used unless otherwise specificd.

5.2 Gripping Devices:

521 General—Various types of gripping devices may be
used o ransmit the measured force applied by the testing
machine o the test specimens. To ensure axial tensile stress
within the gauge length, the axis of the test specimen showld
coincide with the center line of the beads of the testing
muachine. Any depariure from this requirement may introduce
bending siresses that are not included in the uwsoal stress
compuiation (torce divided by cross-sectional area).
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Mome | —The effect of this ecoeniric force application moy be ilhas-
traed by coboulatimg the bending miomems and stress thus added. For o
stunclard 12.5 mm [{L500 in. ]| diameter specimen., the siress increase is 1.5
percentuge points for each (LO25 mm [0.0601 in.| of eccentricity. This emor
mereases o L5 percentage ponisd (L0255 mm [OAO] iG] for a2 % mm
[D3%Fm. | diameler specimen asd 0 3.2 percestage pomis’ 0025 mm
(O k] for a6 omm [0.250 0] diamersr specimen.

More 2—Alignment melbods are given m Praciooe 1012,

522 Wedge Grrips—Testing machines usually are equipped
with wedge grips. These wedge grips generally fumish a
satisfactory means of gripping long specimens of ductile metal
and flat plote test specimens such as those shown in Fig. 1. If,
however, for any reason, one grip of a pair advances farther
than the other as the grps tighten. an undesirable bending
stress may be introduced. When liners are wsed behind the
wedpes, they must be of the same thickness and their faces
mwst be ot and parallel, For best resulis, the wedges should be
supported over their entire kengths by the heods of the wsting
machine, This requires that liners of several thicknesses be
avilable w cover the romge of specimen thickness, For proper
gripping, it is desivable that the entire length of the serrated
face of each wedge be in contact with the specimen, Proper
alignment of wedge grips and liners is illustrated in Fig, 2. For
shor specimens and for specimens of many materials in is
generally necessary o use machined rest specimens and o use
a special means of gripping o ensure that the specimens, when
under boad, shall ke as nearly as possible in uniformly
distributed pure axial tension (see 5.2.53, 5.2.4, and 5.2.5).

5.2.3 Girips Jor Threaded and Showldered Specimens and
Brarle Marerinli—A schematic diagram of a gripping device
for threaded-end specimens is shown in Fig. 3, while Fig. 4
shows a device for gripping specimens with shouldered ends.
Both of these gripping devices should be attached to the heads
of the testing machine through properly lubricated spherical-
segted bearings. The distance between spherical bearings
should ke as great as feasible.

5.24 Girips for Sheer Materials—The self-adjusting grips
shown in Fig, 3 have proven satisfaciory for testing sheer
materials that cannot be tested satisfactonly in the usual vpe of
wedge grips.

5.2.5 Girips for Wire—(inips of either the wedge or snubbing
iypes as shown in Fig, 5 and Fig, & or Aat wedge grips may be
TE

5.5 Dimension-Measuring Devices—Micrometers and other
devices used for measuring near dimensions shall be accurae
and precize woal lepst one half the smallest onit w which the
individual dimension 1= required w be measured,

54 Ewensometers—Exicnsometers used in ension testing
shall conform to the requircements of Practice E23 for ihe
clussificutions specified by the procedure section of this test
method, Extensometers shall be used and verified to include
the sirnins cormesponding 1o the yield strength and elongation ot
fracture (if determined).

5401 Extensometers with gange lengihs egual to or shorier
than the nominal gange length of the specimen {dimension
shown as “G-Gauge Length™ in the accompanying figures) may
b used to determine the vield behavior, For specimens withouot
a redweed section {for example, tull cross sectional area
specimens of wire, rod, or bar), the extensometer gouge length

for the determination of yvield behavior shall not exceed 30 %
of the distamce between grips. For measuring elongation at
fracture with an appropriale extensomeier, the gauge length of
the extensometer shall be equal o the nominal gauge length
required for the specimen being tested.

6. Test Specimens

6.1 General:

6.1.1 Specivuen Size—Test specimens shall be either sub-
stantially full size or machined, as prescribed in the product
specifications for the material being tested.

6.1.2 Location—Unless otherwize specified, the axis of the
test specimen shall be Jocated within the parent matenal as
Fellesws:

6,020 A the center for products 400 mme [ 15000 in.] or less
in thickness, diameter, or distance between fals.

0.1.2.2 Midway Troon the center 1o the surface Tor products
over i mm [1L500 in] in thickness, diameter, or disiance
hetween flas.

0.1.3 Specimen Mackining—Tmproperly prepared fest speci-
mens often are the reason for unsatisfactory and incorrect fest
results, It is important, therefore, that care be exercised in the
preparation of specimens, particularly in the machining, to
maximize precision and minimize bias in test resuolis,

6.1.3.1 The reduced section including the filleis of prepared
specimens should be free of cold work, notches, chatier marks,
grooves, souges, burrs, rough surfaces or edges, overheating,
or any other condition which can deleteriously affect the
properties o be measured.

Mo S——Punching or blanking of the reduced section may priduce
sagrmbicint coldd work or shear burrs, or baoth, along the edges whsch should
b removed by machining.

6.1.3.2 Within the reduced parallel section of rectangular
specimens. edgzes or comers should not be ground or abraded in
g manmer which could couse the actual cross-sectional area of
the specimen o be significantly different from the caloulated
rest,

6.1.3.3 For brittle matenals, large rodios filkes of the ends of
the reduced parallel section should be wsed,

6.1.34 The cross-sectional area of the specimen should be
smallest at the center of the redvced parallel section o ensune
fracture within the gavge length. For this reason, o small taper
is permifted in the reduced parallel section of each of the
specimens described in the following sections,

.14 Specioen Swfpce Finish—When materials are tested
with surfisce conditions other than as manufaciured, the surface
fimish of the test specimens should be as provided in the
applicable product specifications.

Mome 4—Particular aviention shoald be given o the wniformicy one
quality of surface fimish of specimens for high sirength and very Jow
thectility materials since this has been shown to be a factor in the
warsahility of wesl resulls,

6.1.5 Specimen Girip Section Sympeerry—Symmetry  ioler-
ances for grip sections of specimens (relative to centerlines of
reduced paralkel sections) are given within Fig. | and Fig. 7.

Mo SSymmetry of grip sections of machined specimens relative o

e centerlings of meduced parallel sections can aflect alipnmenl, slress-
sirain curves, and est resulis, especaally when the grip sectoons of
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Dimersians
Standard Spocimers Subsize Speciman
Flata-Typa, 40 mm Shaet-Typa, 125 mm & mm
[1.500 in.] Widn |05 i ] Widk [D.250 i) Wi
mim i) mm [in.| mim [in.]
E‘mGuugn length {Mote 1 asd Moo 25 2000 = 0.2 OO £ 01 250+ 01
[E00 = 0.01] [2.000 £ G0GE) [1.000 £ 00K
We—Wiidth {Mote 3 i Mobs 5 400 £ 2.0 128 02 B0 001
[1.600 + 00128, -00380) [0B0G £ GO10) [0.280 £ 000
T—Thickress (Mole 5) mhicarsas of matarnial
F—Ragius of G min Bake 6 25[1] 125 [0u500) & [h250]
L—Owmrall langlh, min (Nits 2, Noba 7, and Nosa B) 450 [1&] 200 [E] 100 [4]
A—Lergin of mduced paralal saction, min 225 [9] 57 [2.35) &2 125
B—Largin of grip sacion, min {Mote B3 53] S0 [3] a0 1.25)
C-Whickh ol grip sechion, approximate (Mot 4 asd Mala 5) 50 [2] 20 |0.750) 10 |0.375)

Mome | —For the $0 o [1.500 b0, ] wide specimen, ponch marks For measuning chongotbon afver frocoore shall be msde on che B or on the edge of
the specimen nnd within the reduced parnllzl section. Either o s of nine or mare panch maorks 25 mm |1 in.] aport. or ane or more pairs of panch marks
W mm (8 in.| apan may be osed.

Mo 2—When ebengniion mensurements of 40 mm | 1,300 in ] wide specimens are noi required, 2 minimum length of redoced parallel section (4)
of 7% mm [2.25 in.] may be used wiih all ciber dimensions similar i those of ihe plare-gype specimen,

Mome 3—For the three sives of specimens, the emds of the reduced pomlke] section shall not differ in widih by more dban 00 mm, 005 mm or 002
mm [0 in., ORI i, or 00K i), respectively. Also. there moy be a produnl decrease in widih from the ends 1o the cenger, bat the width @ each end
shall not ke more than 1 % larger than the wikdth ai the center.

Mo 4—For ench of the three sizes of specimens, ramower widihs (W ard ) may be nsed when necessary, In such coses the width of the reduced
paralled sectian should he as large as the width of the mmerial being iesied permiis; however, unless siated specifically, the requiremenis for elomgaiion
in a prodluct specification shall not apply when these namower specimens are used.

Mome 3—The dimension T is the thickness of the test specimen ns prowicded for in the applicable materinl specificniions, Minimam thickness of 40 mm
[ L.506) in.] wide specimens shall be 5 mm [{L188 in.]. Maximum thickness af 12.5 mm and & mom [005000 0. amd (02500 in.| wide specimens shall be 19
ar & mm [L750 and 0,250 in.]. respectively.

e fieFor the 40 mm | 1.5} in.] wide specimen, a 13 mm [0.5000 im. ] minimum radies af the emds of the reduced paralle] section is permitied for
sieel specimens under &0 BMPa [ 10K (00 psi] im tensile sirenpth when a profile cutter is used o0 machine the reduced section

Mome T—The dimension shovwn is suggestedd as o minimum, In determining the minionum lengih, the grips mos pod exsend in o ihe mansigtion section
between Dimersions A and B, wee Nale S

Mome 8—Tuo aid in abinining nxinl force applicaiion during testing of 6 mm [0.230 in.] wide specimens. the overall kengih should be ns large as the
maierial will permit, up o 200 mm [#.00 in,].

Mome 9—1Ii is desirnble, if possible, 10 make the length of the grip section large enough o allow the specimen i exiend indo the grips o distince equal
oy i thimds or more af the lemgth of the grips. If the thickness of 12,5 mm [0.5000in.| wide specimens is owver 10 mm [0.375 in.]. longer grips ond
comrespondingly longer grip sections of the specimen may be necessary 1o prevemt Failure in the grip section.

Mome 1—For ihe thres sives of specimens, the ends of the specimen shall be symmetrical in widih widh the cenver line of the reduced parllel seciion
within 2.5 mm, 1.25 mm and (LI3 mm [k Min., .05 @, and (0K i), respectively. However, for referse festimg and when requirsd by product
specifications. the ends of the 12.5 mm [(L5K} in.] wide specimen shall be symmelirical within (0.2 mm [0.00 in.

Mome 1l—Foar each specimen type. the radii of all fillets shall be equal o each otker within a iolermnce of 125 mm [0405 in.], and the centers of
curviture of the two filksts ol a panticular end shall be located across from each other (on a line perpemdicular o the cemterling | within a olerance of 2.5
mm [{L10 in.].

Mo 1 2——Specimens with sides paralle] throughowt their length are permiited, except for referee besting, provided: {ab the above wolerances are wmed;
{i an adequate number of marks are provided for determination of elongation: and (o) when yield sirength is delermined, a suitable extensomeler is nsed.
16 ke Fraciume oocurs ol a distance ol less than 2°W Irom the edge of the grpping device, the ensile properties determined may nod be representative ol
the matenal. In sooeplance westing, ol the properties meel the minimum reguirements specilied, no further lesting 15 required, bal if they are less than the
mknimum requiremens, discard the wesi and nees,

FIG. 1 Rectangular Tension Test Specimens



FIG. 2 Wedge Gripe with Liners Tor Flal Specimens

Spherical
Bearing

LUpper Head
of
Testing
Machine

FiGE, 3 Gripping Devica for Threaded-End Specimens

rectangular specineens arg wsed 10 locans the specimens within the testing
machine, Tigheer mlerances, such as those given by Mot 10 of Fig. | for
referes iesiing. con be used o mainiain alignment where asymmetry of
specimen grip sections coukl otherwise resuli in ihe reduced parnlkel
section being offsel, orented at an angle, or both, relative o the axis of
force: applicaion.

More b—Elects of specimen symmetry and misdignment errors can be
mmimised by sz ol cemain vpes ol gripping syslems or backsiops.

6.2 Plare-Type Specimens—The standord  plate-type  test
specimen is shown in Fig, 1. This specimen is used for testing
mietallic materials in the form of plate, shapes, and fat material
having a nominal thickness of 5 mm [(L138 in] or over, When
product specifications so penmit, other ypes of specimens may

v

Section - — for Wine
FiGG, 5 Gripping Devices for Sheat and Wire Specimans

be used. as provided 1o 6.5, 6.4, and 6.5,
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FIG. & Snubbing Device for Testing Wire

6.3 Sheer-Tupe Specimens:

6.5 1 The standard sheet-type test specimen is showmn in Fig.
|. This specimen is used for testing metallic materials in the
form of sheet, plaie, fat wire. sirip, band, hoop, rectangles, and
shapes ranging in nominal thickness from (.13 mm to 19 mm
(L0035 im, o L7500 in.]. When product specifications so permit,
other types of specimens may be used, as provided in 6.2, 6.4,
and 6.5,

Mome TewTest Methods E35 may he wed for iension testing of
mialersals in thecknesses ap e 015 man [OO5Y in].

6,52 Pin ends as shown in Fig. 8 may be used. In order to
avold buckling in tests of thin and high-strength materials, it
may be necessary o use stiffening plates ot the grip ends.

0.4 Rownd Specimens:

G4 1 The standard 12.5 mum [0.500) in.] diwmeter round best
specimen shown in Fig, 9 is used guite generally for testing
metillic materials, both cost and wrought.

642 Fig. Yalso shows small-size specimens proportional to
the standard specimen. These may be wsed when it 15 necessary
tex deest material from which the standard specimen or specimens
shown in Fig, 1 cannot be prepared, Other sizes of small round
specimens may be used, In any such small-size specimen it 1s
important that the gauge kength for measurement of elongation
ber Four times the dipmeter of the specimen when following E8
and five times the diameter of the specimen when following
EBM.

6.4.3 The shape of the ends of the specimen ouizide of the
gauge kength shall be suitable 1w the material and of a shape (w
fit the holders or grips of the esting maching so that the forces
may be applicd axially. Fig. 10 shows specimens with various
types of ends that have given satisfaciory resulis.

0.5 Specimens for Sheer, Sieip, Flar Wive, and Plare—In
testing sheet, sivip, Aat wire, and plate, use a specimen [ype
appropriaic for the nominal thickness of the material, as
described in the following:

fi.5.1 For material with a nominal thickness of (.13 mm to
Smm [(LIKS in. to L1875 in], use the sheci-type specimen
described in 6.3

6.5.2 For material with a nominal thickness of 5 mm to
125 mm [0 1875 in. to OS5 in.]. wse either the sheet-type
specimen of 6.3 or the plute-type specimen of 6.2,

6.53 For material with a nominal thickness of 12.5 mm 1o
19 mm [L3Fin. oo 0,73 in.], use either the sheet-type
specimen of 6.3, the plate-type specimen of 6.2, or the largest
practical size of round specimen described in 6.4,

054 For material with a nominal thickness of 19 mim
[ 750 in. ], or greater, use the plate-type specimen of 5.2 or the
largest practical size of round specimen described in 6.4,

6540 IF the product specificatons permil, materal of a
thickmess of 19 mim [ 0,750 in.], or greater may be fested using
a modified sheet-type specimen conforming to the configura-
tion shown by Fig. |, The thickness of this modified specimen
sl be machined o 10 mm = 005 o (0044000 in, = 0002000, ],
andd st be wniform within (001 mm (0,004 in,] throughous the
reduced parallel section. In the event of disagreement, a round
specimen shall be uwsed as the referse fest (comparison)
specimen.

0.6 Specimens for Wiee, Bod, and Bar:

0.6, 1 For round wire, rod, and bar, test specimens having the
full cross-sectional area of the wire, rod, of bar shall be used
wherever practicable, The gauge length for the measurement of
elongation of wire less than 4 mm [(L125 in.] in diameter shall
b as prescribed in product specifications. When testing wire,
roed, or har having a diameter of 4 mm [(0.125 in.] or larger, a
gauge length equal to four times the dizmeter shall be wsed
when following ER and a gauge length equal o five times the
diameter shall be used when following ESM unless otherwise
specificd. The total length of the specimens shall be at least
equal to the gouge length plus the length of material required
for the full use of the grips employed.

6,62 For wire of octugonal, hexagonal, or square cross
section, for rod or bar of round cross section where the
specimen required in &.6.1 is not practicable, and for rod or bar
of octagonal, hexagonal, or square cross section, one of the
following types of specimens shall be used:

66201 Full Cross Fection (Mote Bl—It 15 permissible o
reduce the test section shightly with abrasive cloth or paper, or
misching i sufficiendy w ensure frocture within the gavge
miarks. For material not exceeding 5 mm [0 188 in.] in diameter
or distance between flaz, the cross-sectional area may be
reduced to nod less than 90 % of the onginal area without
changing the shape of the cross section, For material owver
Smm [LI88 in.] in diameter or distance between fats, the
diameter or distance between fats may be reduced by not more
than 0,25 mm [(LOI0 in.] without changing the shape of the
cfoss section, Square, hexagonal, or octagonal wire or rod not
cxcogding 5 mm [(L18K in.] between flats may be umed 1o a
round having o cross-sectional area not smaller than 920 % of
the arca of the maximum inscribed circle. Fillets, preferably
with a radius of 10 mm [(L375 in_], but not less than 3 mm
[(L125 in.], shall ke wsed at the ends of the reduced parallel
seciions. Sguare, hexpgonal, or octagonal mod over 5 mm
[t 158 in.] between flats may be turned to o round having a
dipmeter no smaller than .25 mm [0 ] less than the
origingd distunce between flats,

Mom Be=The ends of copper or copper alloy specimens may be
Aatbened 1) % w50 % from the original dimension i a jig similar to that
shoam in Fig. 10, w0 Focilitste Daciune withen the gauge marks. In
Hatvening the opposite ends ol the wesl specimen. cane shall be taken o
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Spaciman 1 Speciman 2 Spacimen 3 Spaciman 4 Speciman 5 Spsacimen § Spaciman 7
i fir ] mm [in.] i [in.] i fir ] mm [in.] i [in.] i fir ]
G—03auga langth 0001 Sp0w0d 200000 007 5010 w01 1000 w01 50.000 0.0 100,00 w 01
[2000 = 0.OOG]  [2.000 £ CUOOS]| [B.0D = D.OE) [2.000 = 0.OOG]  [4.000 £ OUDOS]  [2.000 : D.OOS|]  [4.000 = 0.005)
F="Wiidth {Mola 1) 125 =02 q0u0 + 20 0.0z Z.0 2040 = 0.7 200+ 07 2501 1.5 250 = 1.5
[0.500 = 0010 [0.800 + 0125, [1.500 + 0128, [0.750 = 0.031] [0, 750 £ 0LOA1] [1.000 + 0.062] (1000 = 0.062)
0,250 -0.250]
T—Trichneas mmaasred tickreas of Speciman
F—Radius ol e, 12.5 [0.5] 25 [1] 25 1] 25 [1] 25 [1] 25 1] 2511
min
A—Lercih of m- 60 [2.25] A0 [2.25) =30 9] 60 [2.25] 120 [4.5) &0 [2.25] 120 [2.5]
duced paraliol
secion,
min
B—Lergth ol orip 75 [3] S [H 5 75 [3] S [H 5 5[
Baon,
min {Hoia 25
C—wWith of grip 20 [0.75] 50 50 [2] 25 [1] 2511) 40 [1.5] 4071.5]
section,
appoximate (Mol
il
Meme 1-<The ends of the redoced paralbel section shall differ from each ather in width by not more than (05 5. There may be a grasdual taper in width

fronm the ends o the center, bul the width al cach end shall be ol more than | % grester than the wilth al the cenler.

Meme 2t is desirable, if possible, i make the length of the grip section great enough to allow the specimen to extend into the grps o distance equal
Lyt Chimdls of more of the length of the grps.

Mo 3--The emds of the specimen shall be symmetrical with the center line of the reduced pamllel section within | mm [{(L05 in.] for specimens 1,
4, and 5, and 2.5 mm [0.10 in.] for specimens 2, 3, &, and 7.

Mo 4—For each specimen type. the rudii of 21l fillets shall be equal o esch other wiithin a soderance of 1.25 mm [ 0005 in |, and the centers of curvainre
of the twi filkeis at a particular emd shall be located across frovm each other {om a line perpendicular 0 the cemedine]} within a wlernce of 2.5 mm [0.10
. ].

Mome 5—For circnlar segments, the cross-sectional area may be calculated by multplying W oand T2 1§ the ratio of the dimension W to the diameter
of the mbular section is larger than about %% the error in using this method o caleulate the cross-sectional area may be appreciable. In this case, the exact

Mo fe-Specimens with (W bess than 4 should not he used for defermination of elengation.

Mome T—Specimens with sides pamllel throaghout their lengih are permitied, except for referee testing, provided: (al the above olemnees e weid;
{i an adequate number of marks are provided for determination of elongation: and (o) when yeeld sirength is delermined, a sufiable extensomeler is osed.
06 e Froctume oocurs o a distance of less thas 2 W Irom the edge of the gripping device, the ensile properties determined may nod be representative ol
the matersal. I the properties meel e manimum reguirements specilied, no Turther g is requared. bul if they ame less than the minimom reguinsmenls,
discand the wesl and rebesl

FIG. T Tension Test Specimens for Large-Diameter Tubular Products

ersure that the four Batbened surfaces are parallel and that the two parallel
surlaces on Che same side of the axis of the tesl specimen lie in the same
plane.

6.6.2.2 For rod and bar, the largest practical size of rownd
specimen a5 described in 6.4 may be used in place of o best
specimen of full cross section, Unbess otherwise specilied in
the product specification, specimens shall be parallel to the
direction of rolling or extrusion,

6.7 Specimens for Reciangilar Bar—In testing rectangular
bar one of the following types of specimens shall be used:

6.7 0 Full Cross Section—It s permissible to reduce the
width of the specimen throughout the west section with abrasive
choth or paper, or by mochining sulMiciently w facilise froctore
within the gauge morks, but in oo case shall the reduced width

b less than 9 % of the onginal. The edges of the midlength
of the reduced parallel section not less than 20 mm [ in.] in
kength shall be parallel to each other and o the longitudinal
axizs of the specimen within (L05 mm [0.002 in.]). Fillets,
preferably with a radivs of 10 mm [3% in.] but not less than 3
mm [ in.] shall he used at the ends of the reduced parallel
seciions.

6.7.2 Rectungular bar of thickness small enough to fit the
gripe of the testing machine but of oo great width may be
reduced in width by cutting o fit the grips, after which the cut
surfaces shall be mochined or cut and smoothed o ensure
failure within the desired section. The reduced width shall naot
be Jess than the original bar thickness, Also, one of the types of
specimens described i 6.2, 6.3, and 6.4 may be used.
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Dirmangiors, mm [in.]

G—Gaugs ek SO0+ 007 [2.000 2 000ES]
Wty (P 1) 125 2+ 002 [0L500 2 0070]
T—Thackness, mo [Maote 25 16 [L825]
A—Fadius of Wk, min (Mola 3) 13 [0.5]
L—Crwarall langth, min 200 [E]
A—Langih of rechacad parlsl saction, min a7 [2.25)
B—Langih of grip secion, min =0 2]
C==t¥idih of grip section, approdimate =0 2]
C==Ddamizter of Fale far gin, min (Mol 45 13 |0.5)
E—Edge distance {rom pn. approsimaie 44 [1.8)
—Dstance from hols o Wist, min 13 [0.5)

Mome |—The ends of the reduced paralle] section shall differ in width by not mare than (L1 mm [(0H32 in). There may be o gradual aper in width
from the ends b the center, bat the width at each end shall be mot more than | % greser than the width at the cenger.

Meme 2-The dimension T is the thickness of the lesi specimen as stated in the applicable product specifications.

Mome 3—For some mnierials, a filler radies & lorger than 13 mm [(L500 in. ] may be needed,

Mome 4—Haoles must b on center ling of rediscad parallel section within = 0003 mm (0002 i),

Mome S—Vamiabions of dimensions ©, 1, E. F, and L ney be wed that will permil failure sathin the gauge lengih,
FIG. B Pin-Loaded Tension Test Specimen with 50 mm [2 in.] Gauge Length
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Dimansions, mm [in.]
Far Tast Spacimans wilh Gauge Langth Four tnes 1hae Diamatar [E8]

Stanciard Small-Biza Specimans Proporiona o Siandand
Sooomen
Speciman 1 Specimen 2 Epeciman Epecimen 4 Epeciman &

== 3auga kngih S00+01 350 +0.1 2.0+ 01 B0z Q1 §00 £00 8

[2.000 + 0,005 [1.400 + 0,005 [1.000 + 0005 [D.E4D 2 0005 [0.45D = 0L00S]
O—Crameter (Hole 1) 125 +0.2 9.0 01 B0+ Q1 4.0+ 01 28300

L=t R R ) ] [0 £ G007 [OuE80 £ G005 [0 £ 000K [G0112 = 0,002
A—Fadua of Higl, min 10 [0EFS] B [025) & [0 188 4 [L156] 2 [noaj
A—Langih of redhuced panallsl saclion, min 56 [2.25] &5 [1.75) 30 [1.25) 20 [ TH 16 [625)
[Pt 25

Cimensurs, mm [in.]
Far ﬁltﬂlmﬂ'll'lﬂl GEE Length Fhve times the DlII'II'tII"lEBHI
Standard Specmen Small-S5zr Specimans Proporional to Standard
Spacmen 1 Specimen 2 Specimean 3 Specimen 4 Epecimen &

G—Gauge lengih o=l R ] 450 £00 wax N | 128+ 00

[2 5060 £ .0045] [7. 750 £ 0L005] [1.250 & QO05] [0 B0 & OS] [0L665 & 00CE]
—Dhamaier (Mala 1) 12502 Q001 B0 4000 252001

[CLS00 w 0010 [0 550w 0007 [0 250w 0005 [0 B i 00K [0:113 w 0. 00Z)
A—Feacius of e, min 10 [0.375] A 025 & [0.188) 4 [0,158) 2 [0.084)
A—Longlh of recuced pamlid saction, min 75 [20] 54 [2.0§ 36 [1.4) 24 [1.0§ 20 |0.75)
| Ptz 25

Mo | —The reduced parallel section may hove o gradua) tnper from the ends ioward the cemer, with ihe emds mal more than | 5% barger in diameser
than the center {controfling dimension].

Mo 2—If desirexd, the lengrh of the reduced parnlbel section may be incremsed io accommodale an extensomeier of any convenieni gauge lengih.
Reference marks for the measarement of elongation should, nevenhebess, be spaced # the imdicated gaoge kengih

Mome 3—The gauge length and filleis may be as shown, bt the ends may be of any form i Gi the hobders of the testing machine in sisch 8 way that
the force shall be axinl {see Fig. 100, IF ihe ends are o0 be beld in wedge grips i is desirahle, if possible, o moke the kength of the grip section great encagh
v allowe the specimen o exiend imo the grips o distance equal 10 two thinds or more of the kength of the grips.

Miome 4—0in the round specimens in Figs, 9 and 13, ihe gouge lengihs are equal io foor [ER) or five times [EZM) the nominal diameser. In some procluct
specifications oiher specimens may be provided for, but unbess the dape]1 [EE] or 5-to=1 |EBM] raiso i maimtained within dimensional oleramces, the
ehmguikm values may not be comparable with those ehiained from the standard test specimen.

Miome 5—The use of specimens smaller tham 6 mm [(L230 in,] dinmeier shall be resiricted o coses when the matenal o be wesied is of insufficient size
ter pblain larger specimens or when all parties agree 1o their use for acceptance lestimg. Smaller specimens reguire suitable equipment and greater skill
in bath machining and esting.

Meome fFor inchfpoumd units only: Five sizes of specimens ofien wed have diameters of approximately 0.505 in., 00357 in. 00252 in, 00160 in., and
0.113 in., the reason being io permit easy calculations of sress from lomsds, since the comesponding cross-sectional areas are squal or close o 0200 @07,
00, L0 i ®, DL i, T, 00200 0%, and D000 5., respectively. This, when the actoal diamevers agnee with these values, the siresses (or sirengths) may
be computed wsing the smple multuplyimg faceors 5, 10, 20, 50, and 1E, respectvely. (The menc equivabents of these five diamelers di pol resalt in
commespondingly convenient cross-sectonal ansas and maoltiplying ecaoms.)

FiG. 3 Standard 125 mm [0.500 in.] Round Tension Test Specimen and Examples of Small-5ize Specimens
Propartional bo the Standard Specimen



Dimansiors, mm [in.]

Faor Test Specimens with Gauge Length Four temes the Diameler [E8]

Spaciman 1 Spacdman 2 Speciman 3 Spaciman 4 Spaciman 5
G—Gadige lngih S0 01 50 w01 S0 a0d S0 01 50w 01
|2.000 + D005 2,000 = 0.005) [2.000 + 0.005] [2.000 + 0.005) 2000 = 0.005)
Cr==Damiter (Hola 1) 125+ 02 125z 0.2 125+ 02 125202 12502
|80 £ 0O10) [0.500 £ 0B [[EE=re S i ) ] [0.800 £ 0.010) [0.500 £ 00
A—Radus of filsl, min 10 |37 T [3.A7E] 2 [O0Bas] 10 [0.378) T [3.A75]
A—Length al reduced paralisl sectian 5 |2.28) BE [2.25] 10 [4) &5 [2.25] BE [2.25]
mir i Bpprosimalg mir i
L—Chearall langih, appaoming e 145 [5] 155 [5.5] 155 [5.5] 140 [4.75] 255 [0.5]
B—Langth of and saction Mala 35 55 [1.375] 25 [1] 20 [0.75] 15 [0.5] 5[]
approimane apprnximate Appraximala AppC Tt min
C—Dameter of and socion 20 |0.75) 20 [0.75] 20 |75 22 |0.875) 20 [0.75]
E-Langth ol shaulder and filol secion, approximania 15 [0.525] 20 |0.75] 15 [0.525]
F—Diamedar of shoulder 15 [0.5625) 15 |0.625 15 [0.5625)
Camenssors, mm [in.]
Far Tesl Specimens with Gauge Length Five timea the Diameier [EAM)
Speciman | Specman 2 Speciman 3 Specicnen Spegiman 5
G—Gadige lngih BZ5 w01 25w 25wl 25w D1 2.5 w01
|2.500 & 000 (2500 » LODS) [ 500 w 0.005] |2.500 & 000 (2500 » 0,005
Cr==Damiter (Hola 1) 125+ 02 125 0.2 125+ 02 125202 12502
[0.500 + 0010] 0,500 = 0.010) [0.500 + 0,010 |0.500 = 0.010] (0,500 = 0.04D)
A—Radus of filsl, min 10 [ 37E M [3.A75] 2 [Ooses] 10 (A7) T [3.A7E]
A—Length al reduced paralisl sectian & [ TE[A] TE [y TS [ B )
mir [eLlil Bpprosimalg min i
L—Chearall langih, appaoming e 145 [5] 155 [5.5] 155 [5.5] 140 [4.75] 255 [0.5]
B—Langih ol and 2aclion MNale 5 3 1375 25[1] 20 [B.75] 15 |05 5[]
Appoximata Approximag Approsimale ApDIGR e i
C—Diamater of and aaction 20 TR 20 [0.75] 20 [0.75] 2 [LAT5] 20 [0.75]
E-Langth ol shaulder and lilol secion, approximania 15 [0.525] 20 |0.75] 15 [0.525]
FDiamedor of shoulder 15 [0.525] 15 |0.625] 15 [0.4625]

Mo |—The reduced parallel section may hove a gracdual inper from the ends townrd the center with the ends not more than 1 5. larger in diameser
than the center,

Meome 2—0in Specimens | amd 2, nny standard ihread is permissible iha provides for proper alignment and aids in nssuring that ihe specimen will break
within the reduced parallel seciion,

Mome 3—Om Specimen 5 i is desimble, if possible, to make the kengih of ihe grip section great enaugh 1o nllese the specimen o exiend inde the grips
n distnnce equal 10 rae thirds or more af the lengith of the grips.

Bome 4—The valees sated in 51 unis 0 the whle for Fig, 10 ane o be reganded as separase from the inchdpound wins The valses saied inesch syssem
are noi exact equivalenis: therefore ench sysiem must be wsed independenily of 1he aiber,

FIG. 10 Various Types of Ends for Standard Rownd Tension Test Specimans
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FiG. 11 Sgueezing Jig for Flattening Ends of Full-5ize Tension
Tl Specimens

6.8 Shapes, Streciural and Odher—In testing shapes other
than those covered by the preceding sections, one of the types
of specimens descnibed in 6.2, 6.3, and 6.4 shall be used.

6.9 Specimens for Pipe and Tube (Note 92

6.1 For all small tube (MNote %), pamticularly sizes 25 mm
1 in.] and under in nominal outside digmeter, and frequently
for lurger sizes, except as limited by the testing squipment, it is
standard practice to use tension test specimens of full-siee
twbular sections, Snug-fitting metal plugs shall be inserted Far
enough it the ends of such wholar specimens @ penmit the
testing maching jaws w prp the specimens properly, The plugs
shall not extend e that port of the specimen on which the
ehlongation 1= measured, Elongation = mepsured over a length
of fowr tmes the diameter when following ER or five tmes the
diameter when following EZM unbess otherwise stated in the
product specification, Fig, 12 shows a suitable form of plug,
the location of the plugs in the specimen, and the location of
the specimen in the grips of the esting machine,

Mome %—The temn “whe” is wsed o indicoie mbalar producis in
genernl, amd inchsles pipe, tube, and whing

Mome | —The diameer of the plug shall have a slight aper fraim the line
limiing the west machine jaws w the curved section,
FIG. 12 Metal Plugs Tor Testing Tubular Specimens, Proper Loca-
lion of Plugs in Specimen and of Specimen in Heads of Testing
Machine

11

09,2 For large-diameter twhe that cannot be tested in full
section, longindinal tension test specimens shall be cur as
indicated in Fig. 13, Specimens from webded mbe shall be
bocated approximately 907 from the weld. IF the mube-wall
thickness is winder 20 mim [0.730 in.], either a specimen of the
form and dimensions shown in Fig. 7 or one of the small-size
specimens proporiional to the standard 125 mm [0.500 in.]
specimen, as mentioned in 6.4.2 and shown in Fig. 9, shall be
used. Specimens of the type shown in Fig. 7 may be tesicd with
grips having a surface contour corresponding o the curvature
of the tbe. When grips with curved faces are not available, the
ends of the specimens may be flattened without heating, If the
tube-wall thickness 15 20 mm [0.750 in.| or over, the standard
specimen shown in Fig. 9 shall be used.

Mot 10—In clamping of specimens From pipe and lube (as may be
tome during machanmmgh or m latenmg specumen ends (lor grippang), cane
sl be taken o as nod b s te edeced section meleding the fillers
o any deformation or cold werk, as this would alier the mechanical

propertics.

69,3 Transverse lension lest specimens for wbe may be
taken from ongs cut from the ends of te wbe as shown i Fig
14, Flattening of the specimen may be either after separating as
in A, or hefore separating as in B, Transverse fension [est
specimens for large twhe under 200 mm [(L750 in.] in wall
thickmess shall be either of the small-size specimens shown in
Fig. 9 or of the form and dimensions shown for Specimen 2 in
Fig. 7. When using the laer specimen, either or both surfaces
of the specimen may be machined to secure a uniform
thickness, provided not more than 15 % of the normal wall
thickness is removed from cach surface. For large tube 20 mim
[(L750 in.] and over in wall thickness, the standard specimen
shown in Fig. 9 shall be vsed for transverse fension tesgs.
Apecimens for transverse tension tests on large welded tube o
determine the strength of welds shall be located perpendicular
to the welded seams, with the welds at about the middle of their

lengths.

6.0 Specimens for Forgings—For testing forgings, the
lorpest round specimen desciibed in 6.4 shall be used. I round
specimens are nod feasible, then the largest specimen described
in £.5 shall be used.

6.1 For forgings, specimens shall be taken oz provided in
the applicable product specifications, either from the predomi-
nanl or thickest part of the forging from which a coupon can be

Mote 1—The edges of the blank for the specimen shall be cut paralled
w0 ench oiber,
FIG. 13 Location from Which Longitudinal Tension Test Speci-
mens Are 1o be Cut from Large-Diameter Tube
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FiG. 14 Location of Transwerse Tenskon Test Spaciman in Ring
Cut from Tubular Products

obiained, or from a prolongation of the forging, or from
separately forged coupons representative of the forging. When
not otherwise specified, the axis of the specimen shall be
parallel to the direction of grain fow,

G611 Specimens for Castings—In testing castings either the
standard specimen shown in Fig. 9 or the specimen shown in
Fig. 15 shall be vsed unless otherwise provided in the product
specihcations,

G.001.1 Test coupons for custings shall be made as shown in
Fig. 16 omd Tablke 1.

6,12 Specimen for Malleatde Tron—For testing malleable
iron the test specimen shown in Fig. 17 shall be used. unless
ptherwise provided in the product specifications,

B EI-_I-!E [ -
m BN 1.
P

:

Cimensons
Speciman 1 Spscmen 2 Specmern 3
mm [in.] mm [in mim [ir]
D—Diameter 1A+ 02 20+04 300 =08
800 £ G000])  [OUFS0 £ QME] 126 £ 0,02
A—Peadurs of filks, 25 [1) 28 (1] B 2]
mif
A—Langth of reducsd Snall ba aqual o ar graater than diamsser 0
paralkal sacticn,
min
L=Crvarall length, min a5 [.75) 100 [4] 16D 5,375
B—Length of end 25 [1) 28 [1] 48 [1.75]
meclian,
Bpproximalg
C—Dhamaler of and 20 [0S 30 [1.125] a8 [1.875]
seclian,
apprasimate
E—Langth of shoulder, & [0.25) & 025 B [0.312]
miri
F—Darmster of shoul IE0 £ 04 240+ 04 358 = 0.4
dar [GE2S £ Q0IE]  [O9d £ 0018 [1.430 = 0076)
H—langlh of rechased a2 [1.25) a8 [15] B [2.25

saction plus lilais, min

More |—The reducex] parallel section (dimensions A amd D) amd
shoalders (dimensions E, F, and 8) shall be a5 dhavam, bait the ends may
bz of any Foern o fin the holders of the resting machine in such a way tha
the force can be axial, Commonly the ends are thrended and have the
dimensions # and O given ahove,

FIG3. 15 Standard Tension Test Specimen for Cast ron

613 Specimen for Die Castings—For testing die castings
the fest specimen shown in Fig, 18 shall be uwsed wnless
otherwise provided in the product specifications,

6,14 Specimens for Powder Metallurgy (PAM ) Materialy—
For westing powder metallurgy (PM) moterials the et speci-
mens shown in Figs, 19 and 20 shall be used, unbess otherwise
provided in the product specifications, When making fest
specimens in accordance with Fig. 19, shallow ransverse
grooves, of ridges, may be pressed in the ends 1w allow
gripping by jaws machined o it the grooves or ridges. Because
of shape and other factors, the Aat unmachined ensibe est
specimen (Fig. 19} in the heat treated condition will have an
ultimate tensile strength of 30 % to 83 % of that determined in
a machined round tensile fest specimen (Fig. 200 of like
composition and processing.

T. Procedures

T.1 Prepararion af the Test Machine—Upon startup, or
following a prolonged period of machine inactivity, the test
machine should be exercised or warmed up o normal operating
temperatures o minimize crrors that may result from transient
comditions.

1.2 General Reguirenents -Measurement of Dimensions of
Test Specimens:
1.2 1 Measure and record the cross-sectional dimensions of
tension st specimens as follows:
(1] Specimen dimension = 500 mm [(1L200 in.] o the
nearest (L2 mm [(L001 in.] or betier.
{21 2.50 mm [(L 100 in.] = specimen dimension < 5.00 mm
[(0200) in_] to the nearest (001 mm [(LO005 in.] or betier.
{31050 mm [(L020) in.] = specimen dimension < 2,50 mm
[ 1C) in.] to the nearest (U002 mm [ L0000 1in.] or better.
(4] Specimen dimensions < (U500 mm [(.02) in.], o the
nearest | % or better when practical, but in all cases to the
nearest 2 mm [LLOO0] in.] or betier.

MoTE 11 —Accurane ard precise measurement of specimen dimensions
can he ome of the mast critical aspects aof ension esting, depending on
specimen geametry, See Appendiz X2 for addinkenal information.

T.2.1.1 Measure the dimensions of test specimens having a
reduced cross section at the center of the reduced parallel
section.

T.2.1.2 Measure the dimensions of Tull cross-section test
specimens either at the center of the specimen length or at the
kocation of the minimum cross-sectional are,

7.2.1.53 For referee testing of specimens less than 5000 mim
[(L2060) in.] in their least dimension, measure the dimensions
where the least cross-sectional area 15 Found.
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TABLE 1 Details of Test Coupon Design for Castings (see Fig. 16}

Mome | —Feer Coupang for Larpe amd Heavy Steel Castings: The vest coupons in Fiz. 16A and B are 1o be used for large and heavy sseel castings,
However, at the opibon of the foundry the cross-sectional area omd lengih of the siamdord conpon mnoy ke mereased ns desired, This provision does no

apply io Specificntion AJS6 A SGM.

Mome 2—Read Bars 1T a bend har is required, on ahemate design (as shown by dodied lines in Fig, 161 is indicasd,

Leg Dasign, 125 mm |5 in|

Figar Dasign

1. L flangth) A 135 mm [5 in.) minimum length wil be s,
This kengih may be incraassd Al ta aplion of the
faundry to apcommodaio additional st bars (soo
Mok 1)

Upe of and aips ol amd 1aper @ al e opdon ol

2 End taper Ma foundry,

A Haght A2 mm [1.28 ind)

4. ‘Wiidth {at sopi A2 mm [1.28 in) {soe Mote 13

& Hadies {al botiom)
6. Spacing Delwean lBge

7. Localion of tasl bars

13 mm [0.5 in.) max

e,
The tansika, bend, and impac bars will b= takan
from tha lgwer poricn af the kg (a8 Mala 21

The nuimbar ol lags atachad o tha coiupon 5 &
the opfion ol thia foundry providing they arn
squispaced accomding fo llem &

& Mumber of legs

B A, Radius from O to approgimataly 2 mm [U062 in.]

A1 e (05 0] radius will B used batween he

1. L [langth} The langth af e riser &% 1ha base wil be Tha
sama ab tha top langth of tha lag. Tha lkngih of
thi niser al the fop theeolore depands on ihe
amoun of laper added o the riser.

The wickh of the riser a1 the base ol a muliple-leag
cupor syl be o (57 mm — 16 i [ (2,25 i)
— [LE2S i ] whera i squak te aumber ol lega
aftached 10 e coupan, Tha widih of tha riser At
the lop is therelone dependent an the amount of
tapor added tooiha nsar.

2. Width

Usz ol and sze is at e optian of the foundng
Thiz minimum reight of the nser shall be 51 mm
[2 in.]. Tha maximum heigh is al te oplion of the
Baundny [ee e Kligwing reasons [al many rEam
g caal cpen, (1) dillanenl Sompoilions may -
cuira vanalon in rsaning boF soundness, or (o)
differen pourng IomMperaiims may requee vanas
tion: in risering for soundness.

A, T iriger 1aper)
Heigil

7.2.1.4 Cross-sectional dimensions of test specimens with
rough surfaces due o processng may be measored  and
recorded o the nearest 0.02 mm [0.001 ],

More 12—Rough surfaces due o the manulaciormng process soch as hol
rolling, metallic coming., ese., can kesd 10 Insccaracy of the compuned aneas
greater tham the measurement precision in 7,21 would indicae, Therefore,
the requirsd measuremend precision for roagh surfnces is reloxed, Rough
surfneces can alsa resubl in compuited areas that are grenier than ihe nenaal
cross-sectional area at the failure locations producing kesser caboulated
sirength ratios.

Moe 13—5ee K29 lor Guslsmany infrmalion on measaremenls Laken
froan coated meal products

7.2.1.5 Determine the cross-sectional area of symmetric
cross sections using the mepsured dimensions and standard
formulae, For hollow test specimens and complex cross sec-
tions ses T.2.2.

1.2.2 Special Requivements and Recommendations for Spe-
cific Specimens;

1.2.2.1 For symmetrcal wbular and hollow est specimens
of Tull cross section, wall thickness may be measured ot the
specimen ends,

7.2.2.2 For symmetrical tubular and hollow test specimens
of full cross section having an inside diameter or distance
between flats making the measurement of wall thickness
impractical:

(Fhuse the nominal or specified wall thickness in the
calculation of cross-sectional area; or

(2} determine the cross-sectional area by the weighing
medhod in 7.2.2.6.

7.2.2.3 For whular test specimens of circular cross section,

the cross-sectional aren may be determined from the equation:

A=gT(D — T) il

wherne:
A =

I
T

exact cross-sectional area, mm® [in?

outside diameter, mm [in,]

thickmess of wbe wall, mm [in.]

or by other exact equations appropriate for this purpose.
7.2.2.4 For specimens of the type shown in Fig. 7 faken

from tubes of circular cross section as shown in Fig, 13
determing the cross-sectional arca as follows:
W - = ot W W
a-[(7) V=] | (3) wamsal )| - [ (7]

D 17F w=] e [['” mLLY e ﬂ,_Lw:ll 11

where:

A = exact cross-sectional area, mm? [in.*],

W = widih of the specimen in the reduced parallel section,
mim [in.],

= messured cutside dwmeter of the tbe, mm [n.], and

T = messured wall thickness of the specimen, mm [in.].

arcsin values to be in radians,
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L
] a n
T 7
P ; — ;
y
R
L
Camenssors, mm [in.]
—Diameter 15 [D.E25]
A—Fadius of Hlk & 0.3z
#A—Langth of reduced paralisl section 54 [28)
L—Crarall langth 180 [7.5)
B—Langth of and seckon G [25)
C—Dhametar of and saclion 20 [0S
E—Langih of 1kl 5 [0 188]
FiG. 17 Standard Tension Test Specimen for Malleable Iron
1 L ]
| ! B - |
I i
| | E | l i
e e s, [ e T I Tt o] v ‘o o ik Y
e T
G
R
Dimensicrs, mm [in]
G—Gainpe g 50 = 0.1 [2.000 = 0.005]

—Rameler [aee Mala)

A—Fapdua of His, min

A—Langih of reciacad parlsl saction, min
L—Crarall langth, min

B—Distance betwaan grips, min
C==Clameter of and seofion, approdimaks

B4 = 0.7 [0.250 = 0.005]
75 [3]

B [225]

230 [9]

115 [4.5]

10 [0.375)

Mome 1—The reduced parallel section may have a gradual tper from the end wowand the cenoer, wigh the ends not mese than 0,1 mm (800 in.] larger

in dinmeter than ithe cenier,

FIG. 18 Standard Tension Tesl Specimens for Die Caslings

1.2.2.5 For specimens of the wype shown in Fig. 7, aken
from wibes of circular cross section as shown in Fig, 13 where
AW = 0, determine the cross-sectional area using Eq 2; or use
the following simplified equation:

A=WxT (3
where:
A = approximate cross-sectional aren, mm® [in.”].
W = width of the specimen in the reduced parallel section,
mim [im. ], and
T = measured wall thickness of the specimen, mm [in.].

Mome 14—5ee X218 for camionary information on measurements and
calculations for specimens taken from large-diameter iuhing.

7.2.26 To determine the cross-sectional area of full-size
spocimens of uniform but non-symmetrical cross  section,
determine the cross-sectional arca as follows:

() Measure the mass (by weighing) and length of the
specimen, both to the nearest (L5 % or better. The length of the
specimen should be greater than or equal to 20 imes the largest
cross-sectional dimension, but shorter lengths may be wsed if
the requircments on measurement precision are met.

(.21 Ohstaniin the density of the alloy to be tested o the nearest
000001 gimm® [0L001 Ibmfin® | or better (see Nowe 15),

(3 Then determine the cross-sectional area from the fol-
lowing eguation:

n

bl

(4]}

where:

A = approximate cross-sectional aren, mm’ [in.jj
pi = mass of specimen in g [lbm]

L = length of the specimen in mm [in.], and

@ = density of the material in g/mm” [Ibm/in."|

Mo 15-—Examples of repuiable smarces for density of individual
melal allews include publisbed valees available from metals isdusiny
iwssaciations (for example. Aluminum Association Teal Sheetsh material
property hamdboeks (for example, MMPDS) and techmeal data <heers
Iranm metal producers, Yaloes of densiises m 51 units are typacally reported
i gl Divide by L0 o convert o ghinm’. Density values can also be
ohlamed m scoordance with andand pest meethaods (Tor examphe, ASTM,
150 appropriate for metal prodscis.
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Presiging Aras = B45 e [1.00 00,5

Dienaneiona, mm [in] e
25.4 2 CL0E [1.000 = 0.003]
5.7% & 003 [0.225 a 0.001]
5,57 & 0.0G [1.235 & 0.001]

G—Gauge engh

D—\Wickh Al canbar
W—wWicth at and of neducsd
paralial saction
T==Compact 1o this thickness

A==Hadius ol flket
A—Langih of reduced paraliel
sechon

3.5E 10 B35 |0.140 o 0.250)
254 (1]
aLe1.28]

B—Girg length BO.56 + 0.03 [3.187 2 0.001]
L—Crvra benglh BOLEA + 0003 [3.529 = 0.001]
C—Wickh ol grip section BT 2 CL03 [0.343 = 0.001]
F—Half-wickh of grip section 4.34 3 003 [0.171 & 0.0O01]
E—Erd racliis 4.34 4 003 [DLA71 0 D.0O1]

Mome | —Dimensions Specified. except G and T, are those of the die,
FiG, 19 Standard Flat Unmachined Tension Test Specimens for
Powder Metallurgy (P/M) Products

T.2.2.7 The weighing method in 7.2.2.6 may also be used to
determine the cross-sectional arca of complex, symmetric
shapes.

1.3 Gauge Lengih Marking of Test Specinens:

751 If required for determination of clongation afier frac-
ture in pocordance with 7.11.2, apply mauge marks prior to
testing, in conformance with the applicable gauge length
iolerance(s) given by Fig. 1, Fig. 7, Fig. & Fig. 9, Fig. 15,
Fig. 18, Fig. 19, or Fig. 20 of this test method.

152 Apply gavge marks by punching, scribing. etching, or
drawing with ink, o= preferred.

1353 Take core nol o punch, scribe, or elch gavge marks
deeply enough o alfect the specimen’s Tracre location,

TAAL I0 desired, w enbomee the visibality of gouge marks
after wsting, apply layoul ink w the specimen surlace,

Mome 16—Use of bavoam ok cam be helpful when esiing  small
specimens and products sersitive o notch effects, for which very lighn
gage marking is often done to prevest fmcture from eccumring throagh a
gamge mark.

1.34 Position gauge marks using one of more opLions
described below, ensuring that all gauge marks are within the
reduced parallel section when a machined specimen is used.

1.34.1 For specimens with reduced sections, apply a single
pair of gauwge marks such that the pair is approximately
centered within the length of the reduced parallel section and
aligned with the cenierline of the reduced section of the
specimen, unless atechnical reason exisis to do otherwise, such
as use of multiple pairs of gauge marks, as described below.

7.34.2 Apply two (or more) pairs of gouge marks of the
same specified gauge length, in an offset manner,

Mome 1T—=lse of muliple offset pairs of gouge marks cam help

masimize the measurable elomgation when (raciore bappens 10 take place
mear cme ened of the reduced paralbel section.

1]

R o -—i-—-
L]
bt
i [, e | O

i | g [

e

e

Appramimata Prassing Arsa ol Unmachined Compact = 752 mm®
[1.166 in.”) Machining Recommendaions
1. Rough maching reduced paraliel sechion o &§.35-mm [0.25-n.) dam:

olor

2 Firush tuen 4. 759 85%-mm [OC1875.191-in.] dameser with radi and

laper
3 Polish wifh 00 amary cioth
4. Lap wilh crstus clath

Damermions. mm [n]

G—Gauge langlh

D—Digees & canter ol reducad par-
allsd sacton

H—Diamatar a1 ands of gauga langih
A—Hadius of gaugs ik

A—Longth of reduced paraiel section
Le=Ovarall lengih (die cavity lengih)
B—| ength of end section
C—Compact o ths erd thickness
W—LDhe cayiy width

254 = 0.08 [1.000 + 0.003]
475 + 0,03 [0.187= B.0G]

4.85 w 003 Q191 @ D001]
G35 +0.13 [0L250 + 0,005]
4763 =0.13 [1.575 = 0,003
75 |3|, nominal

FBH + 013 [0310 £ 0,008
10003 = 0.13 [0:335 + 0,008
10003 = 0.08 [00:395 + 0,003

E—Lergth of shoukler 635 £ 0.3 (0250 + 0.005]
F—Diametar ol shoukder T80 £ 0,03 (0310 £ 0.001]
J—End filiel ragiug 1.27 + 0.3 (0050 + .005]
Mote | —The gauge lemgth and fillels ol the specimen shkall be as

shvam, The ends as shown ane designed 1w provide a practical minkmam
pressing area. Onher end designs ane accepeable, amd in some cascs are
required for high-strengih simered maverinls,

More 23— i recommended that the west spacimen be pripped with a
split collel and supported under the shoulders, The racies of ihe oollet
suppeart circulor edge is v be nod less tham the end Gller mdius of the es

specimen.

Moty 3—DRameters [ and & ore io be concznivic wiikin 0L.03% mim
[{hCKME im.] voiz] indicaior rumout (TLE.). and free of scraches and ool
marks.

FIG, 20 Standard Round Machined Tension Test Specimen for

Powder Matallurgy (P} Products

7343 Apply muluple, independent pairs of gauge morks 1o
Facilitate messurement of elongation after frscwre over mul-
tiple gouge lengths,

7344 IF the fracture location cannot be predicied before
testing, as is often the case for full-section whe specimens of
other specimens that do not bave reduced sections, apply
multiple pairs of gauge marks along the specimen length o
facilitate measurement of elongation after fracture,

T35 If multipbe pairs of gauge marks are used, take care to
measure the increase in gauge length between the proper pair
of gauge marks.

T35 Seclect the initial gauge length for use in calcolating
clongation after fracture {see 7.11.2) as prescribed below

7.3.6.1 When the specified product elongation is 3% or
les=, ensure thot the gouge length is within 0050 mm {0002
in.] of the specified gauge length or measure the initial distance
between gauge marks to the nearest 0,050 mm 002 in.] prior
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i testing, and use this measurement as the initial gauge length
in calculating elongation after fraciure (a5 described in
T.00.2.4).

7.3.0,2 When the specified elongation is above 3 % or the
initial distance between gauge marks is known o be within
0050 mm (0002 in.] of the specified gauge length, use the
specified gauge length or the measured gauge length in
cilculating clongation after fracture (as described in paragraph
T1123)

T4 Zeroung of the Testing Machine:

741 The testing machine shall be set up in such a manner
that zero force indication significs a state of #ero force on the
specimen. Any force (or preload) imparted by the gripping of
the specimen {see Moie [8) musi be indicated by the force
measuring system unless the preload s physically removed
prior to testing, Artificial methods of removing the preload on
the specimen, such as tanng it oul by a zero adjust pot or
removing it mathematically by software, are prohibited be-
couse these would affect the accuracy of the test resulis.

More |8—Preboads generated by gripping of specimens may be either
tensle or comgressive monature and may be e result of asch things as:

— grip design

— malfuncibon of gripping apparatus (sicking, binding, ee.)

— excessive gripping farce

— sensitivity of the coniml kaop

Meome 190t is the operatar’s responsibility to verify thal an ohserved
prelead is acceptable and 1o ensure that grips pperate in a smeoth manner.
Unless sherwese specilied, b is recommended thal momentary (dymamic)
forces due e gripping mod excead 200% of the material’s mominal yiekl
strength and thar seaic preloads poexcesd 1% of the material's sominal
vield srrenprh.

1.5 Oripping of the Test Bpecinen:

.50 For specimens with reduced sections, gopping of the
specimen shall be resincied w the gnp section, becauss
gripping in the reduced section or in the filler can significantly
affect test results,

1.6 Speed of Testing:

100 Speed of resting may be defined in terms of fa) rate of
straining of the specimen, (b} rate of stressing of the specimen,
fod crosshead speed, (d) the elapsed time for completing part or
all of the test, or (¢} free-running crosshead speed (rate of
movement of the crosshead of the esting machine when nog
under load).

T.6.2 (hher applicable specifications may require verifica-
tion of the speed of the iesting machine. In such cases, unless
otherwise specified, the verification shall be done in accor-
dance with Practices EXG5H, with the machine mecting ihe
Class E or better requircments

Mo Hl—Some malerialsfapplications ane fairly sensitive 1o jest spesd,
whereas others are not. In peneral-purpose bensile lesting, significam
variabiom in the test speed can often be nleriled.

T.6.3 Specifying suitable numerical limits for speed and
sebection of the method are the responsibilitics of the product
commitices. Suitahle limits for speed of testing should be
specified for materials for which the differences resulting from
the use of different speeds are of such magnitude that the test
results are unsatisfactory for determining the acceptability of
the materinl. In such instances, depending upon the material
and the use for which the test resulis are intended, one or more

of the methods described an the fodlowing  poragraphs s
recomimended for specifying speed of testing.

More Z1—Speed of testing can aflect test values becigse of the e
sepsilivily of materials and the emperaune-time efects,

Th3.1 Rate of Siraining—The allowahle limits for rate of
straining shall be specified in mm/mm/min [inJSin/min]. Some
testing machines are cguipped with pacing or indicating
devices for the messurement and control of rate of straining,
but in the absence of such a device the average rute of siroining
can be determined with o iming device by observing the ame
required to effect a known increment of strain,

TH3.2 Rate of Stressing—The allowable limits for rate of
stressing shall be specified in megapascals per second [pounds
per sguare inch per minwte]. Many testing machines are
equipped with pacing or indicating devices for the measure-
ment and control of the rte of stressing, but in the absence of
such a device the average rate of stressing can be determined
with a timing device by observing the time reguired to apply a
kEnown increment of stress,

TH33 Crosshead Speed—The allowahle limits for cross-
head spesd, during o test, may be specified in mm'min
[iInsmin]; in this cose, the limits tor the crosshead speed should
be further qualified by specifying different limits for various
types and sizes of specimens, In cases where different length
specimens may be used, it i= often more practical to specify the
crosshesd speed in terms of mm [in ] per mm [in.] of length of
the origingl redvced porallel secton of the specimen (or
distance between pops [or specimens ol hoving  reduced
sections) per minule, Many wsting mochines are equipped with
pacing or indicating devices for the measurement and control
ol the crosshead speed during a test, bot in the absence of such
devices the average crosshead speed can be experimentally
determined by using suitable length-measuring and timing
devices,

Mote 22—This method ol specilying speed of lesing, “Crossbsd

%pu:d‘ win previodsly called “Rae of Separation of Heads During
il

More 23—For machanes nod having arossheals or having stalsonary
crossheuds, the phrase “crosshead speed™ may be imerprersd o mean the
rate of grip separation,

Thi4 Elapsed Time—The allowable limits tor the elapsed
time from the beginning of force application (or from some
specificd stress) to the instant of fracture, 0 the maximum
force, of 0 some other stated siress, shall be specified in
minutes or secomds, The elapsed ume can be determined with
o tming device,

T6.35 Free-Running Crosshead Speed—The allowable
limitz for the rate of movement of the crosshead of the testing
machine, with no force applied by the testing machine, shall be
specificd in mm per mm [inches per inch] of length of reduced
paralle] section (or distance between gops for specimens ol
having reduced sections) per second [minute], The limins for
the crosshead speed may be funher qualified by specifying
different limits for varous types and siees of specimens, The
averoge crosshead speed can be expenmentally determined by
using suitable length-mepsunng and Gming devices,

More 2d—For machanes nod having arossheals or having stalsonary
Crivshesads, e phrase “Tree-rurming anosshead spead™ may be inkerprened
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oy miean the fres-minming rme of grip separtion,

1.0.4 Speed of Testing When Determining ¥ield Properiies—
Unbess otherwise specified, any convenient spesd of 1esting
may be used wp o one half the specified minimum yield
strength or up to one quarter of the specified minimuom tensile
strength, whichever is smaller. The speed above this point shall
be within the specified limits, If different speed limitations are
required for wse in determining yield strength, yield point
clongation. ensile sirength, elongation, and reduction of arca,
they should be stated in the product specifications. Inall cases,
the speed of testing shall be such that the forces and strains
used in obtaining the test resulis are accurately indicated.
Determination of mechanical properties for comparison of
product properties against a specification value should be run
using the same control method and rate vsed o determing the
specification value unless it can be shown that another method
yiekds equivalent or conservative resulis, In the absence of any
specilied hmiatons, one of the following control methods
shall be vsed, Appendin X4 provides additional guidance on
sebecting the contnl method,

Mome 25-<In ihe previous and following paragraphs. the yield proper-
ties relemed o oanclode yeeld srength, yweld poinl. and  yeeld  poim
ehimig s

Tl Comreol Method A—Rare of Siressing Method for
Devernvining Yeld Properries - Inothis method, the resting
machine shall be operated such that the rate of siress applica-
tioa in the linear elastic region is berween 1,15 MPa's and 1.5
MPa's [100000 paianin and [0 DM psidnin]. The speed of the
testing machine shall not be increased in order 10 maintain a
siressing rale when the specimen begins w yield, It s oo
recommended that the westng machine be operated in closed-
loop comtred wsng the force signal through yield; however
chosed-loop contrel of the Torce signal con be wsed in the
linear-eluastic portion of the test

Mo 261t is mot the intent of this metbad 10 mainiain constan siress
mle of o comiml siress rage with chsed kop force commol while
determining yield properties, but only to set the crosshead speed o
achieve the target stress rale in the elastic region. When a specimen being
tested begins i yield, the siressing rle decreases and may even hecome
megalive in e case of a specimen wilth dsscontinens yelding. To
i a comstant siressing rate throagh the vielding process requares the
testing maching 1o operale al exiremely high speeds and, in mos) cases,
this i meither practical nor desimble. In praciee, it is simpler [o use either
i slram rale, eresshead spead, or a free-rumming orosshead speed thal
approcimates the desired siressing mle in the mear-elastic portsms ol the
Ll As an example, use a siram orale thal is between 115 MPas amd
1.5 MPas divaded by the nominal Young s modulus of the meterial being
teated. As another example, lind a crosshead speed through espermenta-
tiom Chal approximabes the desinad aressing rale prior o e omsel of
vielding. and makncain char crosshesd speed through the region thar viekd
praperties ore determinsd, While bogh of these methods will provide
similor rates af stressing and sirmining prior o the onset of vielding. the
riies o siressing and siraining are generally quite differem in the region
where yield properties are delermined.

Meme 27 This method has been the default method for many years for
Lessting materials that exhibal o strain rale sensabivily such as some sleels
arsl alunmnam,

1642 Conirol Method B - Rare of Straining  Consrol
Meshod for Determining Yeld Properties—In this method, the
testing machine shall be operated in closed-loop contral using

the extensometer signal, The mate of strming shall be set and
rmaintained ar 00015 = 0006 mmdmmdmin [in.Andmin].

Mo 2B—Proper precautions must be ohserved when operating o
machine in closed-Joop simin coniml because unexpected crsshead
mirvenenl may accur i the comtred parameters. are mid sel properdy, il
proper safery lomits are md sel, or o the extensomeler slips.

Moms 20—aA Rate of Struining i 0005 mmdmmdmin [infingmin) is
ofben required  for aerospace, hiphdemperatre alloys, and  titaniam
applications and when specified, must be followed rather than the
redquiremenl abive.

1043 Contred Method C—Crosshead  Speed  Control
Method for Determining ¥ield Properiies-The testing machine
shall be set 1w o crossheod speed equal w 0015 = 0003
mmdmmimin [indinSmin] of the onginal redvced parallel
section (dimension A in Fig. 1, Fig. 7, Fig. & Fig. 9, Fig. 1,
Fig. 15, Fig. 17, Fig, 18, and Fig, 200, and 2 times dimension A
in Fig. 19 or distance between grips for specimens without
reduced sections,

Moms ¥i—Ii s recommended that crosshend spesd he used for comtrod
im regions of discontimemes yielding.

MonE 3 1—Ulsing different Contral Methods may produce different vield
resulis especially if the material being tessed i5 srain-rane sensitive, To
achieve the best meproducibiliny in cwes where the naerial may be
strain-rate sensiive, the same controd method should be used. Methods
described in 7.6.4.2 or 7643 will tend o give similar resualts in the case
of a sirain-rale sensitive material. The control method described in 7.6.4.1
shiguld be avosded Tor siram rake sensilive matenals ol il @ desirable ©
reprocluce similar lest pesults om ofher pesbing machines or in other
laboratories.

1.6.5 Speed of Testing When Determining  Tensile
Seeengiie—In the absence of any specified limitations on speed
of testing, the following general rules shall apply for materials
with expected elongations greater than 3 %, When determining
only the ensike sirength, or after the vield behavior has been
recorded, the speed of the testing machine shall be set between
(05 and (05 mmd'mm [or indin] of the kength of the reduced
paralle]l section (or distance between the grips for specimens
nof having a reduced section} per minute. Allernatively, an
cxtensometer and sirain rate indicator may be wsed o set the
strain rate between (005 and 005 mmdmmdmin [or inJingdmin.

Motk 32—For matersals with enpected elongatems less than or equal o
5%, the speed ol the westing mackine may be mamamed throughou the
tesl ab the spesd wsed e determine vield propenics

Moms 33 —Tensile strength and elongniion nre sersitive iniest speed for
many materials (see Appendic X1} o the extent that variations within the
range af fest spesds given above can significamly affect resulis.

1.7 Determinafion of Field Strength—Determine  yield
strength by any of the methods described in 7.7.01 to 7.7.4.
Where extensomelers are emploved, vse only those that ane
verfied over a stean range in which the vield sirength will be
determined (see 5.4),

Moms 3—For example, a verified strnin mnge of 0.2 % 0 2.0 % is
npprapraie for wse in determining the vield strengths of many metals.

Motk IF—IDaetermination of yiekl behaveor on meterials thal canml
sppard an apprapriale extensaomseter (thin wire, for examgle) is problem-
atbe and ourside the seape of this standard.

Mome 36—Yield propenics of motenials exhibiting vield poim ebongn-
i (Y PE) are aften less repeatable and less reproducible than those of
smilar materials having no YPE. Ofset and extension-under-load (ELUL)
yield sirengths may be sgnificantly affected by siness flucluations aocur-
rinng in the regiom where the oflsel o extension mbersecls the siness-srain
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curve, Determination of opper or lower vield strengths (o boih) may
therefire b prefershle for sich mmerals, althoogh these properies
depend on variables such as test machine stiffness amd alipnment amd
speed of testing.

100 frer Mesiwoad—On the stress-sirain diagram (Fig, 21)
lay off £ equal to the specified value of the offset, draw mn
parallel to A, and thus locate r, the intersection of mn with the
stress-sirain curve. In reporting values of vield strength oh-
tained by this method, the specified value of offset used should
be stated in parentheses after the term yvield sirength, Thus:

Wiekd sremgth (offser = 2% = 360 MPa [S2000 psi] (50

I wsing this method, a Class B2 or beiter extensometer {se2
Praciice E&3) shall be used.

Mome 37 —There ane two general types of exiensomensrs, averaging amd
mi-averaging. the use of which depends on the provluce tested. For mosi
mnchined specimens, the differences nre small. Howewer, for some
forgimps amd tube sectioms, significomt diferences in measured  yiek
strength can occur. For these cases, the averaging type should be used.

Mo 3E—"Wlhem hene 15 a disagreement over yield propemies, e oflsel
methed for determiinang viek! sirength as recommiended as the relenn: 1es]
methosd,

Mome M—In pracibee, for s nundber of reasons, the soraighi-line ponion
of the stress-strain curve (line (34 shown in Fig, 215 may nai go theaugh
the origin of the siress-strain diagram. Appendix X3 shows examples of
mm-ideal hehavior and supgests methods for companing the yield sirength
from these nonsideal stress-simin diagrams.

1.0.2 Extenzion-Under-Load { EUL) Method—Yield sirength
by the extension-under-load method may be determined in two
wity=: (1) analyzing the stress-strwin diggram o determine the
siress vilue at the specified value of extension, or (2} using
devices that indicate when the specified extension ocours, so
that the stress then occurmmng may be determined. see also
1720 Figo 21 also illustrates the extension-under load
method. Beport the stress ot the specified extension s follows:

Yield swength (EUL = 0.5%]) = 370 MPa [53 500 psi] Ly

Extensometers and other devices used n determination of
the extension shall meet or exceed Class B2 requireiments {see
Practice EE3) at the sirnin of intercsi, except where use of
low-magnification Class C devices is helpful, such as in
facilitating measurement of YPE, if observed. If Class C
devices are used, report their use with the resulis.

3

L]

Hirass

Strain

FIG. 31 Stress-Strain Diagram lfor Determination of Yield
Strength by the Offset and Extension-Under-Losd Methods

i T AELETY

Mome 40—The apprapriaie salue of the ioinl exiension should be
specified. Por sieels with mominnl viekl simengths of kess than 550 MPn
RO 0HE psi], am appropriate salue is 0005 mmdmm [or o] (005 %0 of
the gauge length. For higher strengih sieels, a greater exiersion or the
oflsel methed should be osad.

7.7.2.1 When no other means of measuring elongation are
awvailable, a puir of dividers or similar device may be used o
determinge a point of detectable elongation betweesn two gauge
marks on the specimen. The gauge length shall be 50 mm [2
in.]. The stress comesponding o the load at the instant of
detectable elongation may be recorded as the approcimate
extension-under-load yvield strength

T3 Method for materials that exhibit discontinnomes
viekding—Construct a stress-steain (o force-elongation) dia-
gram. Determine the upper or lower yvield strength oz follows:

TT30 Becord the stress cormesponding o the maximum
force at the onset of discontinuous vielding as the upper vield
strength as illustrated in Figs, 22 and 23, If multiple peaks are
observed at the onset of discontinuous yielding, the firsg is
conskdered the upper yield strengih. {See Fig. 23.)

7.7.3.2 Becord the minimum stress observed duning discon-
tinuous yvielding (ignoring transient cffects) as the lower yield
strengthe This is illusirated in Fig. 23,

T.7.3.3 Where large-sirain data are needed o facilitate
measurement of vield point clongation for materials that may
cxhibit discontinuous yvielding, Class C exiensometers may be
employed. When this 15 done but the muoterial exhibits o
discontinuous vielding, the extension-under-load vield sirength
miy be determined instead, using the siress-sirain curve (see
Extension-Under-Load Method).

T.7.4 Hali-of-the-Force Method for materials thar exhibii
disvontinuous  velding—Apply an increasing force o the
specimen al o uniform deformation rae, When the Torce
hesitates, record the comesponding stress as the upper vield
strength.

More 4 1—The Halt-of-the-Force Methad was Toomerdy knean as the

Habi-of-the-Podnter Method, the Drop-of-be-Beam Mebod, and the
Haki-of-the-Losd Methaod

- S

Stress

Sirain

FIG. 22 Siress-Strain Diagram Showing Upper Yield Strength
Comesponding with Top of Knes
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Strain

FIG. 23 Stress-Strain Diagram Showing Yield Peint Elangation
{(YPE) and Upper (UYS) and Lower (LYS) Yield Strengths

1.8 Neld Point Elongation—Calculate the vield point ¢lon-
gation from the stress-strain diagram or date by determining
the difference in strain between the upper vield strength (first
zero sloped and the onset of unitorm strain hardening {see
definition of ¥PE in Terminology E6 and Fig. 23).

Motk 42—The dress-sirin curve of 2 material extnbitmg only a hint of
the behavior causing Y PE may have an inllection a1 the cosel of vielding
with o poii where the slope reaches zero (Fig, 245 Such a material has
v TPE, bt may be charscierized a5 exhibiting an inflecion. Materials
exhihiting imflectians, like those with memsumble YPE. may in cerinin
applications acquire an unaccepinble surface nppearance during farming,

1.9 Uniformn Elongation (i reguived);

1.9.0 Uniform elongation shall include both plastic and
elastic elongation,

7.9.2 Uniform elongation shall be determined using auto-
graphic methods with extensometers conforming o Practice
EEX Use a class B2 or betier extensometer for materials having
a uniform elongation less than 5 %. Use a class C or beticr

Irfleclion

Sftress

Sitrain
FM&. 24 Stress-Sirain Diagram With an inflection, Bul Ho ¥FE

20

exlensometer for matenials baving a uoiform elongation greater
than or equal wo § % but less than 30 %, Use a class D or better
extensometer for materials having a uniform elongation of
3 % oF greater.

7.9.3 Determine the uniform elongation as the elongation at
the point of maximum force from the force elongation data
collected during a test,

7.9.3.1 Bome materials exhibit a vield point followed by
considerable elongation where the vield poing is the maximum
force achieved during the test, In this case, uniform elongation
is not determined at the yield point, but instead at the highest
force occurring just prior to necking (see Fig. 25).

7.9.3.2 Biress-strain curves for some materials exhibit a
lengthy, platcav-like region in the vicinity of the maximum
force. For such materials, determine the uniform elongation at
the center of the plaicaw as indicated in Fig. 26 (see also Note
43 below).

Moms 43—When uniform elongation i being desermined digitnlly,
noise in the stress-sirain data generally causes many small, local peaks and
walleys o be recanded i the plaleay region. T acoommadate this, the
fillowing procedure is recommended:

— Dretermires the wasimum fomce recorded (alier disoomtinuious vield-
ingk

— Evaluse the sequence of force values recorded before and after the
maximum farees,

— Diigitally defime the “plarean” as consisting of all consecuive datn
points wherein the force value is within (L5 % of the magnitude of the
peak force valee.

Dielenmine the aniform elongation as the strain at the mid-poant of
the “plabea.”

TH933 Discussion—The 0.5 % value of Mode 43 has been
selected prbitranly. In actual practice, the valve should be
selected sooas to be the minimum fgure that 15 lorge enough o
effectively define the force plateaw. This may require that the
percentage be about five times the amplitude of the force
Mucwations cecurring due o noise, Yalues ranging from 0,1 %
o L0 % may be found o work accepiably,

= = F_.
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Elongation

FIG. 25 Stress-Strain Diageam in Which the Upper Yield Strength
is the Maximurmn Stress Recorded Method
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BT

Force

[ 1]

Elongation

FIG. 3% Force-Elongation Diagram for Determination of Unitorm
Elongalion of Stes] Sheed Materials Exhibiting a Plateau at Maxi-
mum Foree

10 Tensile Strength folso known ax Ultimate Tensile
Srrength i —Calculote the wosile strength by dividing the maxi-
mwrm force caried by the specimen during the tension test by
the original croes-sectional area of the specimen,

MoTe 44—If the upper yield swength is che maskmon soess reeonded,
arl if the siress-sirnim curve resembles that of Fip. 25, i is recommended
that the maximum stress after discontinuoes viekling be reparied as the
tensile sirength. Whene this may ooour, determination of the lensile
strength should be in accordance with the agreement between the paribes
mnvalved.

101 Elonmgation:

1001 Elongation may be calculated from elongation-alter-
Tracture mensurements or directly from elongation-at-frocture
mepsurements Eiher value may be reported, bot the method
vzl shall be repored, When disagreements anse over the
elongation resulis, the parties shall agree on which method o
wse to obtain the results,

Mome 43—Elongarion resulis arg very sensitve 10 vanabbss such as fa)
speed af testing, (#) specimen geometry (gauge lengih, diameter, widih,
arl thickness), (cf hem dissipoison (ithmough grips, exiensometers, ar sdher
devices in comtact with the redwuced paralbel section), {4 surface fnish in
reduced parallel section (especially burrs or nolches), (el alipnment. amxd
(1 lilkets amd tapers. Elurgation al fraciure and elongation afber Iraciure
are md aterchangeable parameters. Resulis from the elomgation-al-
fraciore method sre generally maore epestable, Panies invodved in
comparizon or conformancs testing should standardize the above jems,
The use af ancillary devices, such as extensameler supparis, tha may
remove hest from the specimen should be nvoided, See Appencdiz X1 for
additional information on the effects of these variahles.

T2 Measwrement of elongation after fraciire:

71121 Follow the gauge length marking procedures and
requiremenis of 7.3 and the gauge length iolerance require-
menis shewn in Fig. 1, Fig. 7. Fig. &, Fig. 9, Fig. 15, Fig. 17,
Fig. 18, Fig. 1%, or Fig. 20 as appropriate. Pay particular
attention to requirements for ow-elongation materils,

TA1.2.2 Measure the elongation alter frocture by fitting the
twor halves of the test specimen ogether and measuring the
distance between gauge marks that were applied before the
Pesl

TA1L23 When the specified elongation is greater than 3 %,
fit ends of the fractured specimen fogether carefully and
measure the distance between the gauge marks o the nearest
.25 mm [(LO] in.] for gauge lengths of 500 mm [2 in] and
under, and to at least the nearest (0.3 % of the gauge length for
gauge kengths over 5300 mm [2 in]. A pereentage scale reading
to (1.5 % of the gange length may be wsed.

T.11.2.4 When the specified clongation is 3 % or less,
remove partly tom fragments that will interfere with fitting
together the ends of the fractured specimen or with making the
final measurement. Fit the froctured ends together with
mgtched surfuces and apply a force along the axis of the
specimen sufficient w close the frocwred ends weether, This
force may then be removed carefully, provided the specimen
remains intoct, Measure the Gnal gavge length o the neanest
005 mm [UH2 o], and report the elongation w the neanest
0.2 %, The procedure given in 711,23 may be vsed inseod
when the measured elongation 1= greater than 3 %,

More 46—The wse of a force gencrating a stress of approximaiely 15
MPa [2000 psi] hos been Found o give satsfacrory resubis on des
specimens af nleminam alloy,

Mome 47—De to the lack of precision in fitting fraciured enids wogether,
the ebomgation after fraciure using the manml methods of the pargraphs
T.1LE may differ from the ebmgobon ot frctore determimed  with
exlensometers amd described in 7003

T11LE Measurement of elongation af fracture:

T.11.51 Elongation at fracture shall include elostic and
plastic elongation.

More db—Unless the spacimen has nol necked at the poant ol Fraciure,
Correchion Tor elasie strans mequires Knowledge of ke vanable srain
drsrrbuion alomg the specimen kenglh betwen 1he exlemiometer allach-
ment poants, which is beyond the scope of this standand.

70132 Elongation o frocture may be determined with
sutographic or automated methods vsng extensomelers veri-
fied over the strain range of interest (see 5.4, 10, Use a class B2
or betler extensometer for matenials baving less than 5 %
elongation, a class C or better exiensometer for materials
having elongation greater than or equal (o5 % but less than 30
%, and a class Dor bewer extensometer for materials having 30
% oor greater elongation, In all cases, the extensomeler gauge
kength shall be the pominal gauge kength, &, required for the
specimen being tested.

T.11.3.3 For materials that fail suddenly, the elongation at
fracture shall be taken as the sirain just prior o the sudden
decrease in force.

T.11.3.4 For materials that do not exhibit a sudden decrease
in force, the clongation at fraciure shall be taken as the sirain
measured just prior o when the force falls below 10 % of the
muximum torce encountered during the test.

T.11.4 Replacement of specimens:

T.11.4.1 Elongation at or aficr fraciure may be affected by
kocation of the fracture, relative to the marked or extensometer-
defined gauge length. If any part of the fracture occurs outside
this gauge kength (7.14.5) or is located less than 25 % of the
elongated gauge length (7.14.6) from either gauge mark or
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extensomeer-contact point, the elongation value may be ab-
normally low and unrepresentative of the material. IF such an
elongation measure is obiained in acceplance testing involving
only a minimum requirement and the value meets the
requireiment, no further testing need be done, Oiherwise,
discard the test and 1est a replacement specimen,

1115 Reporting:

TILS1 Beport the gauge length, &, such as 30 mm, 2 in.,
or 400; the percentage incress in length (the elongation resule);
and the method vsed lor determining elongaton (elongation al
fracire of elongation after fracture),

Example: Ebongniion = 30% incrense (50-mm  [2-in, ] gouge lengih]
(7)

TALE2Z IF any device other than an extensometer is placed
in contact with the specimen’s reduced section during the test,
repaort this also,

112 Redwcsion of Area:

TA2.0 The reduced area used o caleulate reduction of area
(e 7.02.2 and 7.12.3) shall be the minimum cross section af
the Iocaton of e,

7122 Specimens with Originglly Cireular Cross Sectioni—
Fit the ends of the fractured specimen together and measure the
reduced diameter o the same accuracy as the original mea-
SUTEMeNL

More d¥—Becansr ol ansolropy, cincular cnoss sechions oflen do nol
remain circular during sraining m kension, The shape is uoally ellipiscl,
thus, the area may be caleulsed by 5 - dd4, where ) and o), are the
major and minor diameners, respactively.

1123 Specimiens with Origingl  Rectangwlar  Cross
Sevtions—Fit the ends of the fraciured specimen wogether and
measure the thickness and width at the minimum cross section
i the same accuracy as the original messurements.

Meme S Becanse of the consimint & deformation that occurs at the
comiers ol reclangular specimens, the dimensions al the cenver «f the
origamal fal surfaces are less than these atb the comers. The shapes ol these
surfaces are often assumed 1o be parabalbe, When this ssamprion is made,
an ¢ffective thickness, 1. may be caleubsied as follows: () + 4, + 7,006,
where i ardl 1y are the thicknesses ot the comers, amd iy is the thickniss
at mid-width. An effective width moy he similarty colculnied,

7124 Calculaie the reduced area hased upon the dimen-
sions determined in 7.12.2 or 7.12.5. The difference betwecn
the arca thus found and the area of the original cross section
cxpressed as a percentage of the orginal area is the reduction
of arew.

TA25 IF omy port of the fracture wkes ploce outssde the
madadle half of the reduced parallel section or ino punched or
serbed gavge mark within the redoced poarallel section, the
reduction of area value obtained may nod be representative of
the material. In acceplance testing, if the reduction of area so
calculated meets the minimum requirements specified, no
further esting is required, bu if the reduction of area is less
than the minimum requirements, discard the test resulis and
retest.

7126 Results of measurements of reduction of arca shall be
rounded using the procedures of Practice E2%9 and any specific
procedures in the product specifications, In the absence of a
specified procedure, it is recommended that reduction of area

test values in the mange from 0w 10% be rounded 1w the
mearest 1.5 %0 and rest values of 10 % and greater 1o the nearest
I %

T3 Rownding Repovied Test Data for Yield Steength and
Tevisile Strevigrh—Test data should be rounded wsing the
procedures of Practice E29 and the specific procedures in the
product specifications. In the absence of a specified procedure
for rounding the test data, one of the procedures described in
the following paragraphs is recommended.

T.13.1 For test values up to 500 BMPa [500000 psi], round to
the nearest | MPa [100 psi]; for test values of 500 MPa
[ 500 (00 psi] and wp to 1000 BMPa [ 100 00K psi). round 6o the
nearest 5 MPa [500 psi]; for test values of 1000 MPa | 100 (00
psi| and greater, round to the nearest 10 MPa [ 10O psi].

Mo 5le=For stieel products, see Test Methods amd Definitons A370.
7132 For all test valves, round o the nearcst 1 MPa
[ 10 i ]

More 32—For aluminum- and magnesivm-alloy produocis, see Mahods
BS557.

T.133 For all test values, roumnd o the nearest 5 MPa
[ 500 psi].

T4 Repdocement of Specimens—»A eal specimen may be
discarded and a replacement specimen selected from the same
kot of material in the following cases:

T.04.1 The original specimen had a poorly machined
surface,

T.14.2 The original specimen had the wrong dimensions,

T.143 The specimen’s progeertics were changed because of
poor machining practice,

T.14.4 The test procedure was incorrect.

T.14.5 The fracture wos outside the gouge length,

T.14.6 For elongoiion determinations, the tracture was out-
side the middle half of the gouge length, or

7.14.7 There was a malfunction of the testing equipment.

More 53—The ension specimen 1% inappropeale [or massing some
Ivpes of imperlactions inoa maierial. Dther methods and  specimens
emiploying ulirasonics, dye perearants, radicgraphy, esc., may be consid-
cred when flaws such as cracks, fakes, perosity, ese., are reveabed during
& test nnd spundness is a conditicn of accepance,

8. Report

B0 Test information on materials ool covered by a product
specification should be reported in accordance with 5.2 or both
6.2 and 8.3,

B2 Test information 1o be reported shall include the follow-
ing when applicable:

f.2.1 Reference to the stamdard used, that is, ES or ESM,

8.2.2 Material and sample identification,

B.2.3 Specimen iype (see Section &,

8.2.4 Yield strength and the method used w determine vield
strength (see 7.7}

8.2.5 Yield point clongation (see 7.8).

826 Tensile Stength {also known as Ultimate Tensile
Strengthy (see 7,100,

8.2.7 Elongation {report original gauge kength, percentage
increase, and method vsed to determine elongation; that is, at
fracture or after fracture) {see 7.11).
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8.2.8 Uniform Elongation, if required (see 7.9},
8.2.9 Reduction of area, if required (see 7.12),

5.3 The following test information shall be recorded but
may be omitted from the test report:

4.5 1 Specimen test section dimensionds).

5.53.2 Equation used to calculate the cross-sectional area of
Tull-s1ze specimens of symmelric cross-section excepl for solid
specimens of reclangular or circular shape,

8.3.3 Equavon vsed o calculme cross-sectional area of
rectangular specimens taken from large-diameter wholar prod-
ucls,

8.34 When the weighing method (see 72260 15 wsed o
determine the cross-sectional area, the mass, length and density
wsed in the calculation,

8.3.5 Speed and method used 1o determine speed of esting
(see 7.0,

8.3.6 Method vsed for rounding of tesi resulis {see 7.13)L

8.3.7 Reasons for replacement specimens (see 7_14).

9, Precision and Bias

0.1 Precision—An interlaboratory test program® gave the
following values for coefficients of variation for the most
commonly messured iensile properiies:

Cosfident of Variaton, %

Ekrwgaler
ashid Yishd Gauge
Strangth  Strength  Lengih  Reduction
Tozeresd be Otfsat Otfsat =d of
Eulmnglh = 0.0Z % =02 % Diarmastes firpa
Cv %, 0. 2y 1.4 2B 2n
SV Yy 1.3 4.5 2a B4 4.8

G %, = repaaiabiity cosfliciant ol warialion in percent within 8 laboratory
G %o = reproducikleyt cosflicient ol varialion in percert balween
laboratanas

! Edicrialy comectad in Fabeuany 5000

'5|||||!:n|1|'|:_|l||: can be Toamd in Appenkn X1 sl ki | s ane il

from ASTM Hemlguariers, Boguest BR:E2E-| 004,

9.1.1 The values shown are the averages from Tests on &ix
frequently tested mietals, selected to include most of the normal
range for each property listed above, When these materials are
compared, a lurge difference in coefficient of variation is found.
Therefore, the values above should not be used w judge
whether the difference between duplicate tests of a specihic
material is larger than expected. The values are provided o
allow potential vsers of this test method woassess, 0o general
terms, its uscfulness for a proposed application.

0.2 Bigs—The procedures in Test Methods ERE/ERM for
measuring lensile properties have o bias because these prop-
erties can be defined only in terms of & test method.

1. Keywords

101 accuracy; bending stress; discontinuous vielding: drop-
of-the-beam; eccentric force application; elastic extension;
elongation: extension-under-load; extensometer; force: free-
running crosshesd speed; pavge length; halt-of-the  force:
percent elongation; plastic extension; prelosd; rate of siressing:
rabe of struining; reduced parallel section; reduction of area;
sensitivity; strain; stress; taring; fensile strength; ension test-
ing; yield pont elongation; yield strength

APPENIMXES

(™onmandatory Tnformation]

X1, FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precizsion and hias of tension test strength and
ductility measurements depend on strict adherence o the staied
test procedure and are influenced by instrumental and material
fuctors, specimen preparation, and measurementtesting errors,

X 1.2 The consistency of agreement for repeated wsis of the
same material 15 dependent on the homogeneity of the matenal,
and the repeatability of specimen preparation, est conditions,
and measurements of the ension @St parameters,

X1.3 Instrumental factors that can affect test results include:
the stiffness, damping capacity, natwral frequency, and mass of
moving parts of the tensile test machine; accuracy of force
indication and wse of forces within the verified range of the
machine; rate of force application, alignment of the test

specimen with the applicd force, parallelness of the grips, grip
pressure, nature of the force control used, approprisiencss amd
calibration of extensometers, heat dissipation (by  grips.
extensometers, or ancillary devices), and =0 torth

X14 Materal factors that can affect test results include
representativeness and homogeneiy of the wst matenal, =m-
pling scheme, and specimen prepaation {surlace fimsh, dimen-
sional accuracy, unintentional fillets (undercuts) at the ends of
the reduced parallel section, taper in the gauge length, bent
specimens, thread quality, and 20 forth),

X141 Some materials are very sensitive to the gquality of
the surface finish of the test specimen {see Mote 41 and must be
ground to a fine finish, or polished to obiain correct results,
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K142 Test results for specimens with as-cast, as-rolled,
as-forged, or other non-machined surface conditions can be
affected by the nature of the surface (see Mo |2},

X143 Test specimens taken from appendages to the part or
component, such as prolongs or risers, or from separately
produced castings (for example, keel blocks) may produce test
resulis that are nod representative of the part or component.

X1.4.4 Test specimen dimensions can influence test resulis,
For eylindrcal or rectomgular specimens, changing the st
specimen size penerally has a neghigible efect on the yield and
tensile strength but may influence the upper yield sirength, of
one 15 present, and elongaton and reduction of aren values,
Comparizon of elongation values determined vsing different
specimens requires that the following ratio be controlled:

LA = (X0
where:
I, = original gauge length of specimen, and
A = original cross-sectional area of specimen.

X1.4.4.1 Specimens with smaller L (A 1" ratios generally
give greater elongation and reduction in arca valwes. This is the
ciase for example, when the width or thickness of a rectangular
tensibe test specimen is increased.

X1.44.2 Holding the LA mlio constanl minimizes,
but does nol necessarily eliminate, differences, Depending on
material and st conditions, increasing the size of the propor-
tonal specimen of Fig, 9 may be found o oincresse or decress
ehlongation and reduction in aren valves somewhal.

K145 Use of a taper in the gauge length, up to the allowed
| % limir, can result in lower elongation values, Reductions of
as much as 15 % have been reponied for a 1 % taper

X146 Changes in the strain raie can affect the yield
strength, tensile strength, and elongation values, especially for
materiils which are highly strain rate sensitive. In general, the
yviehd strength and tensibe strength will increase with increasing
strin rate, although the effect on tensile strengih 15 generally
less promounced. Elongation values generally decrense os the
siriin rate increases.

K147 Brimle materals  require  carelul  specimen
preparation, high quality sorface Gnishes, large Gllets an the
ends of the gouge length, oversize threaded pop sections, and
caniol inlerate punch or seribe marks as gauge kength indica-
s,

K148 Flawening of mbular products (o perimit testing does
alter the material properties, generally nonuniformly, in the
flattened region which may affect st resulis.

X1.5 Measurement errors that can affect test results include:
verification of the test force. extensometers, micrometers,
dividers, and other measurement devices, alignment and zero-
ing of chart recording devices, and s forth.

X151 Measurement of the dimensions of as-cast, as-rolked,
as-torged, and other test specimens with non-machined sur-
fuces may be imprecise due to the irregularty of the surface
Hatmess,

X152 Materials with amisotropic Dow characteristics may
exhibil non-circulas cross sections after fracture and measure-
ment precision may be affected, as a result (zee Mote 49},

X1LA3S The comers of rectangular west specimens are subject
o constraint during deformation and the origimally Bt surfoces
miay be parabolic in shape alter wsting which wall affect the
precision of final cross-sectional area messurements (see Mole
a0,

X154 N omy porton of the fracture occurs oulside of the
misdidle of the gauge kength, or in o punch or senbe mark within
the gauge length, the elongation and reduction of area values
mimy 1ol be representative of the matenal, Wire specimens that
break at or within the grips may oot produce fest resulis
representative of the material.

X1AS Use of specimens with shoubdered ends (“buiton-
head™ wensiles) will prodece bower 0,02 % offser vield strength
vitlues thom threaded specimens,

X1.6 Because standard reference materials with certified
tensile property values are not available, it s not possible o
ngormusly define the bips of tension tests. However, by the use
of carefully designed and controlled interlaboratory studies, &
regsonable definition of the precision of tension test results can

b cbtanned,

Xlal An interloboratory test pmgmm" was conducted in
which six specimens each, of six different materials were
preparcd and tested by each of six different laboratories, Tables
K1 1-X1.6 present the precision statistics, as defined in Proc-
tice E6UI, for: tensile swength, 0.02 % vield strength, 0.2 %
vield strength, % elongation in 40, % elongation i 50, and
S reduction in area, In each table, the irst column hsts the sis
materials tested, the second column bsts the average of the
average resilis obtained by the laboratories, the third and fifth
columns list the repeatabilicy and reproducibility  standard
deviations, the fourth and sixth columns list the coefficients of
variation for these stamdard deviations, and the seventh and
gighth columns list the 93 % repeatability and reproducibility
lirmits.

X1.6.2 The averages (below columns four and six in each
table} of the coefficients of varation permit a relative compari-
son of the repeatability (within-laboratory  precision) and
reproducibility (between-laboratory precision) of the tension
test parameters, This shows that the ductility measurements
cxhibit less repeatability and reproducibility than the sirength
measurements. The overall ranking from the least o the most
repeatable and reproducible is: % clongation in 40, % clonga-
tion in 50, % reduction in area, 0002 % offset yvield strength,
(L2 % offset vield sirength, and tensile strength. Note that the
rankings arc in the same order for the repeatability and
reproducibility average coefficients of varation and that the
reproducibility (between-laboratory precision} s poorer than
the repeatability (within-laboratory  precision) as would be
cxpecied.

X163 Mo comments about bias can be made for the
interlnboratory study due to the lock of ceribed test results for
these specimens. However, examination of the test results
showed that one laborstory consistently exhibited higher than
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TABLE X1.1 Precision Statistice—Tensile Strength, MPa [ksi)

Mome | —& is the average of the cell averages, thar is, the grand mean for the test parameer,
5. is the repemobility siandoand devimion (within-labormiory precision) in MPn [ ksi],
5.0 X is ihe coefficiem of variation in %,
75 15 the reproclucibiliy stamdard deviation (hetween:laboratory precision) in MPa [ksi],
A’ X is the coefficient of variation, %,
r s the U5 % repeatability limits in MPa [k=],
K s the 45 % reproducibiliny limals in MPa [ksil.

Watenal X s, 5, X % S S K, r =]
EC-H19 16,9 [26.68) 4.3 [0.63) 245 4.3 063 248 1201 [1.746] 120 [1.76]
2024-T350 01,3 [71.26) 6.1 [0.68] 1.24 6.6 [0.06] 13 170 [247] 8.5 [265]
ASTM A0S 506.0 [66.57) 4.1 [060) (L) 870127 147 11,6 [1.65] 2.5 [355]
AIE G G046 [100.75) 27 039 o2 &4 022 1.: FEN0 234 [3:39]
Incorel GO0 GR5.0 [00.18) 29 [0.42) EE k] S00.72 vz 201149 138 [202]
BAE 51410 1253.0 [181.73) A7 048] 0.5 TA[14] D63 a5 [1.29) 221 [ 3:20]
Avamges; 0.3 1,30
TABLE ¥1.2 Precision Statistics—0.02 % Yield Strength, MPa [ksi]
Malzral x =, 5, &% By Sy % r A
EC-H1 111.4 [16.18] 4.5 |65 4.00 B.Z[8.19] 7.57 12.5[1.81] 21.0[3.33)
oo Tas 354.2 |51.38] E.B |04 1.64 B.1 |DEs] .73 16.3 [2.35] 172 [2.45
ASTM 4105 410,71 [B2054] B[ 2pe 1A [1.=0] ae 232237 6 [Ba)
AlS| g XG0 2078 BT [242] 4.67 .5 [4.53] L) A1 [5.58] 20 12.m)
Incanal G4 267.1 3074 32 048] L8 B2 [0S 1.56 B [n.28) 147 [213
FAE 51410 FER2 10480 66 [2.40] b .8[317] e A4 [6.73] G612 [Rad)
Averages: ] A48
TABLE X1.3 Precision Statistice—0.2 % Yield Strength, MPa [kai]
Malarial x 5, 5, X % B P r A
EC-H13 155 4 [22 98] 3.3 [047] 2.06 2.3 [0 48] 2.07 9.7 [1.33] a2 [1.33]
e TS 52 9 |52 54 5.1 [074] 1,41 5.4 075 1,49 14.3 [2.06] 15.2 [2.20
ASTM A105 40 4 [58.36] 5.7 [ES] 1,43 0.9 [1.44] 247 15.8[2.31] 278 [4.03]
AIS| 316 481.1 jaa.78] E.E D95 1.35 15.5 [2.83] 4.06 1B.1 [2.53] 54.7 [7.93]
Incanal 600 2583 [30.91] 2.5 035 0.53 E.E D85 a7 T.0[LD1] 16.3 [2.37]
SAE 51410 9575 [140.33] B.5[1.29] D.52 15.5 [2.30] 1.54 24.B [3.60] &4 5 |B.45]
Averages: .38 aag
TABLE X1.4 Precizion Slalistice—S: Elongation in 4D for EB Specimens
More | —Length of reduced paralle] sectom = 60,
Waterial ¥ 5, 5 % i Bk, % r q
EC-H19 1742 064 3.69 oe2 5.30 1.BD 2.59
2024-Ta81 1676 0.58 2.84 158 raa 1.68 4.43
ASTM A0S 2210 i 2.682 (EL= ] 338 213 2.8
A5G 4007 1.10 2.75 214 5.5 Log .00
Inconel G0 44,25 068 1.50 1.5 A48 1.88 4.1
SAE 51410 1445 0488 .23 [ER= 83 .34 277
AVRTAGES 2.80 530

average strength valwes and lower than average ductility values
for most of the specimens. One other laboratory had consis-
iently lower than average tensile strength resulis for all
SpCCimens.
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TABLE X1.5 Precision Statistice—% Elongation in 50 for E8M Specimens

Mome | —Length of reduced parallel section = G0,

Katadial o .8 & X T Ba &a X R ¥ "
EC-H13 1460 054 407 B 454 185 1.85
2024-T351 1795 043 3,48 1,71 .51 1,61 &84
ALTM A0S FSES Q77 204 1.30 508 215 3,63
A5 318 509G 0,71 1,08 ZES 745 200 7.4
Inconed GO0 4158 0a7 1.61 1.EO 1.85 1.EE .48
HAE 51410 1339 0.45 3,61 056 7.75 1.25 2.88
Ayprages: 2.6 5.35
TABLE X1.6 Precision Statistics—% Reduction in Area
Malenal x s, 5 X, % L. S K, % r q
EC-H18 T 1.83 243 2m 284 §.44 567
H0ed-TaS a4 208 AT asa 11.78 .74 190
ASTM ATOS 558 [RE: 2 1.28 1.26 1.652 2.35 53
AXSI 318 7144 [RE: ] 1.8 16D 235 2.78 450
Inamnial B0 5054 [SE.F) 1.14 SRy ] 1.18 1.80 1497
SAE 51410 S04 1.88 A0 a5 7Bl 521 105
BVRTAAS! 280 4,58

XL MEASUREMENT OF SPECIMEN DIMENSIONS

K1 Mepsurement of specimen dimensions 15 coteeal in
tenskon festing. and 1t becomes more critical with decreasing
specimen size, as a given absolute emor becomes a larger
relative (percent) error. Measuring devices and  procedures
should be selected carefully, =0 a5 0 minimize measurement

error and provide good repeatability and reproducibiliny,

X222 Relative measurement error should be kept at or below
| %, where possible, Ideally, this 1 % error should include no
only the resolution of the measuring device but also the
variability commonly referved o as repeatability and reproduc-
ibality. (Bepeatabalicy 15 the ability of amy operator o obtan
similar measurements in repeated irials. Reproducibility is the
ability of multiple operators 1o obiain similar measurements,

X213 Formal evaluation of gage repeatability and reproduoc-
ibaliey (GE and B} by way of a GE and B stdy 15 highly
recommended. A GR and B stwedy involves having multple
opcrators cach take two or three measurements of a number of
partz—in thiz cose, test specimens. Analysis, woally done by
compater, involves comparing the observed  measurement
variations i a tolerance the procedure is w determine confior-
mance o, High GE and B percentages (more than 20 %)
indicate much variability relative to the tolerance, whereas low
percentages {100 % or lower) indicate the opposite. The analysis
also estimates, independently, the repeatability and reproduc-
ibality.

X214 GR and R studies in which nonfechnical personnel
vzl different brands and models of hand-held micrometers
have given results varying from about 10% (excellent) to
neardy WY % (essentially vseless), relative to a dimensional
iplerance of (075 mm [(LOD3 in], The uwser is therefore
advised 1w be very carelul in sebecting devices, selling up
megsurement procedures, and fraining personnel.

gl

X2L5 With a 0075 mm [(U002 0, ] wlerance, a 10 % GR and
E result {exceptionally good, even for digital hond-hebd mi-
crometers reading wo 0001 mm [O.00005 i, ]) indecates that the
total variation due (o repeatability and reproducibiliny is around
0075 (00003 in.]. This is less than or equal (o 1 % oaly if all
dimensions 0 be measured are greater than or equal i 0,75
mim [L03 i), The relative error in using this device w
imeasure thickness of a 0,23 mm [0.010 in.] fat tensile specimen
wiould be 3 %—which is considerably more than that allowed
for force or sirain measurement.

X2o Dimensional measuremen errors can be dentified as
the cause of many owt-of-conirel signals, os indicated by
statistical process contnl (SPC) charts wsed (o monitor tension
testing procedures, This has been the experience of a produc-
tion laboratory emploving S3PC methodology and the best
hamd-held micrometers available (from a GR and B standpoint)
im cesting of 0,45 mm o 6,35 mom [001E i oo 025 in.] Aac
rolled sieel products,

X217 Factors which affect GE and R, sometimes
dramatically, and which should be comsidered in the selection
aned evaluaton of hardware and procedures. include;

X270 Resolution,

X272 Verification,

X2.7.3 Feroing,

X274 Type of anvil (o, rmounded, or pointed),
X275 Cleanliness of part and anvil surfaces.
X276 User-fricndliness of measuring device,
X207 Swabiliyfemperature variations,

X2LE Coating removal,

X278 Operator technique. and



Al Earesm - 22

K710 Rachets or other features used o regulate the
clamping force,

X218 Flat anvils are generally preferred for megsuring the
dimensions of round or flat specimens which have relatively
smooth surfpces. One exception 15 that rounded or pointed
anvils must be wsed in messuning the thickness of curved
specimens aken from lorge-divmeter wbing (e Fig. 70, o
prevent overstaling the thickness, (Another concern for these
curved specimens 15 the error that can be introduced through
uze of the equation A = WeT; e 7.2.24.)

X249 Heavy coatings should generally be removed from at
least one grip end of flat specimens tuken from coated products
fo permit accurmie measurement of base metal thickness,
assuming fa) the base metal propertics are what are desired. (&)
the coating does not contribute significantly to the strength of
the product, and o) coating removal can be easily acceom-
phished (some coatings may be epsly removed by chemical
siripping), Otherwizse, it may be advisable w leave the coating
it and determine the base metal thickness by an alternae

method, Where this issue may arise, all parties involved in
comparison of conlormance testing should agres oz o whether
or niot coatings are o be removed before measurement.

K200 As an example of how the considerations identfied
ghove affect dimensiona] megsurement procedures, consider
the case of measuring the thickness of (G40 mm [0015 in)
painted, Aar rolled steel specimens, The paint should be
removed prior o mepsurement, iF possible, The measurement
device used should have flat anvils, must read to (L0025 mm
[0 in.] or betber, and must bave excellent repeatability and
reproducibility, Since GR and R is a significant concern, it will
be best i use a device which has a feature for regulating the
clamping Torce uvsed, and devices without digial displays
showld be avodded 1w prevent reading errors. Before wse of the
device, and penodically during wse, the anvils should be
cleaned, and the device should be verified or ®eroed (if an
clectronic display is used) or both. Finally, personnel should be
trained and audited periodically 1o ensure that the measuring
device 15 being vsed comectly and comsistently by all,

XL SUGGESTED ACCREDITATION CRITERLA FOR LABORATORIES PERFORMIMG TENSILE TESTS

X3.1 Scope

X31.1.1 The following are specific features that an assessor
may check to assess a loboratory s technical competence, it the
laboratory 15 performing tests in sccordance with Test Methods
E&/ESM,

X352 Preparation

X321 The laboratory should follow documenied proce-
dures to ensure that machining or other preparation generaics
spocimens conforming to applicable folerances and require-
ments of Test Methods ERESM. Particularly important are
those requirements that pertain to the dimensions and finish of
reduced sections, a5 found in the text and in applicable figures,

X322 Where gnuge marks are used, the laborntory should
employ documented gauge marking procedures o ensure that
the marks and gauge lengths comply with the wlerances and
ouidelines of Test Methods ESEEM.

X3.221 The gauge marking procedurs vsed should not
deleteriously affect the test results.

More X3 I—Frequent oocurmence ol lecluring al the gaoge marks may
indicme that gage marks lave excessive depih or sharpeess and may be
affecting test resalrs,

X33 Test Equipment

X331 As specified in the Apparatus sections of Test
Methods ERESM, the axis of the test specimen should coin-
cide with the center line of the hends of the testing machine, in

order to minimize bending stresses which could affect the
resulis.

X31.3.2 Equipment verification requirements of Practices E4
and E&3 shall be met. Documentation showing the venification
waork to have been thorough and technically cormect should be
available.

X352 1 Ventication reports shall demonstrate that force
amd extension readings have been taken ot the prescribed
intervals and that the prescobed runs bave been compleed.,

X333 Extensometers used shall meect all reguirements of
Test Methods ERESM as to the classification of device to be
used for the resulis determined. For example, an exicnsometer
niok meeting the Class B2 reguirements of Practice EEY may not
be used in determination of offset vield sirengihs.

X334 Before computerized or sutomsted test equipment is
pur into routine service, of following a software revision, it is
recomimended that measures be taken o venify proper opera-
o and result interpretation. Guide EI1ES6 addresses this
LORCern,

X335 Micrometers and other devices used in measurement
of specimen dimensions should be selected, maintained and
used in such a manner a5 o comply with the appendixes of Test
Methods ERESM on messurement. Traceabality o national
stamdards should be established for these devices, amd reason-
able effor should be emploved o prevent errors greater tham
I % lrom being penerated as a result of measurement error,
resilution, and rounding practice,

14 Prwedures

X340 The test machine shall be set up and zeroed in such
a manner that zers force indication signifies a state of zero
force on the specimen, as indicated in the Zeroing of the Test
Machine sections of Test Methods ERERM.

More X32—Provisions should be made to ensune that zeno readings are
properly maimiained. from est woesn Thess may include, for exomple,
rering afier o predetermined number of pesis or ensch time, under zeno
force comditians, the indicator exceeds a predesermined valoe,

X342 Upon request, the laboratory should be capable of
demonsirating {perhaps through time, force, displacement or
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extensometer measurements, or both) that the test sapeeds used
conform to the requirements of Test Methods ERESM, or other
standards which take precedence.

X343 Upon request, the laboraory should be capable of
demonsirating that the offsets and extensions used in determin-
ing wield strengths conform o the requirements of Tesr
Methods ERESM and are constmucted =0 a5 w indicate the
forces corresponding o the desired offser sivain or total sirain,

Meme X5, b Use caution when performing caloulations with exiensom-
eler magnification, because the manufacturer may report strain
magmification, which relaes the rain (nod the elmgationy W the -axs
disgrlacermient on the dress srain diagram. A user of assessor mignsiad m
an exicnsomeler's magnbfication may use calibration equipment o debes-
mine the ratio beween congation and cham ravel of may venify a
reparied magnification by calculming the Young's modalus from tesis of
specimers of 0 known nominal modulos,

X144 Measurement of elongation shall conform o re-
quiremenis of Test Methods ER/ESM,

Mo X314—Tesi Meibods ER/ERM  permit the measuremens amd
reparting of elongation & fracture in place of elongation. as is often done
i autimaled lesting.

X345 Reduction of arca, when required, shall be deter-
mined in accordance with the requirements of Test Methods
EEEsM.

X346 Procedures for recording, colculating, and reporting
data and test resulis shall conform to all applicable reguine-
ments of Test Methods ES/ESM. In addition. wherever
practical, the procedures should also be in accordance with
widely accepted provisions of good laboratory practice, such as
those detailed beloa,

®K34.6.0 When recording data, personnel should record all
figures that are definite, plus the best estmate of the ficst figure
which 15 uncertaim, (IF o result 15 known o be approximstely
midwiy between 26 amd 27, 26,5 should be the resull recorded
(nog 2o, 27, or 26,475,

®K34.6.2 When pedforming caleulations, personnel should
avoid compounding of rounding errors, This may be aceom-
plished by performing one large calculation, rather than several
calculations using individual resulis, Alternatively, if mul-
step cakeulations are done, infermediate results should not be
rounded before use in subsequent calculations,

X34.63 In rounding. no final result showuld retain more
significani figures than the least-significant-figure measure-
ment or data point used in the caleulation.

MNIE Retention

K151 A retention program appropriate for the nature and
frequency of esting done in the laboratory should be main-
tained. ltems that may warrant retention for defined time
periods include:

X3.5.1.1 Row data and forms,

X31.5.1.2 Force-elongation or stress-sirain chars,

X31.5.1.3 Computer printouts of curves and test resulis,

X35.01.4 Data and resulis stored on computer dises or hard
drives,

X31.5.1.5 Broken specimens,

X3.5.1.6 Excess material,

X3.5.1.7 Test reporis, and

X35 1.8 Verification reports and cenifications.

XNi6 Environment

X3.6.1 Al test equipment shoubd be located and connected
to power sources in such a manmer as o minimize the effects
of vibrations amd electrical disturbances on raw data collected,
stress-strain charts, and operation of equipment.

X177 Controls

X3.7.1 Controlled procedures and work instructions showld
cover all aspects of specimen preparation, tensile testing, and
result reporting. These documents should be readily available
to all involved in the documented tasks.

X372 Clear, concise, operating instructions should be
muntained for eguipment wsed in specimen preparation and
tensile testing. These instructions should be readily available to
all gualified operators.

X373 All applicable venfication regquirements shall be
miel, as detailed in X3.3.2,

X374 Ttis recomimended that special siudies and prograims
be emploved 1w monitor and control ensile esting, because
tensile test results are easily affected by operators, measuring
devices, and fesi equipment. Examples of such programs
include but are not limited to:

X3.74.1 Round-robin studies, proficiency tests, or other
cross-checks,

XiT7.4.2 Bepeatability and reproducibility (K and Rj
studies,

XiT74.3 Control charting. and

X3.74.4 Determination of typical lab uncertainties for cach
result typically reporied.

Mome X3, 5—For nandesmactive sesting. repeniability amd reproducibil-
ity nre afien mensarsd by conducting gage B omd B sisdies, ns discossed
im Appendiz X2 of Test Methods EREEM. These studies involve repeated
determination of a test resull. using a single part or specimen, o gage R
iand Es are nol direcily applicable 10 mechanical properties, whach are
ohlamed through desiructive lesting. (Troe dilferences between evem the
st duplicans specimens manifest themss|ves in the form of pooner B and
B resubis than would be obiained For pesfeer duplicanes.) Mevenheless,
quasi-B ond B soodies comducted with these  limitations taken inio
consicersiion may be helpdul in analyring sources of error and improving
relighility of test resufis.
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N4 ADDITIOMNAL INFORMATION ON SPEED OF TESTING AND EXAMPLES

X4.1 Many materials are strain-role sensitive that s, the
vield strength or tensile strength of the material i= a function of
the rute at which the material is being deformed. The yield
strength of some materials can change by more than ten percent
when tested with the slowest and then the highest speeds
permitied by Test Methods ES/EEM. In onder 1w reproduoce
viekd test resulis, for steain-rale sensiive malenals, it s
important that strain rates dunng the determination of vield are
similar,

X4.2 The following paragraphs further explain the various
Controd Methods regquired w be used by Test Methods ES/ERM
when other guidance 15 ool given, When other test speed
requirements are specified, thoss speeds most be Tollowed w
comply with this test method, For example, aerospace specifi-
cotions often regquire a test speed when determining vield
strength i be o steain rate equal wo U005 £ U002 mmdmmdmin
[imfinSimin]; when specified, that speed must be followed in
order 1o comply with this standard,

X421 Control Method A - Rate of Siressing Method for
Devermining Yeeld Properiies = This method has been the
default method of control in Test Methods EREEM for many
vears, In this method, the crosshead speed of the machine is
adjusted during the linear elastic portion of the curve o achieve
the desired siress rate {or the speed is set (o a predetermined
value known to achicve the desired siress rate). The crosshead
spoed is not adjusted when the material begins to yield. The
advantage of thiz control method is that it does not require any
transducers other than the load indicator itself, although, load
pacers and stress-rate indicators can be helpful. This method of
control has a limitation in that the strain rabe of the specimen
at yield depends on the slope of the stress-strain curve (tangent
modulus) and the testing machine stiffness. Because of this, the
sirain rute of the specimen when vield is determined can be
different for different specimen sizes, different specimen
configurations, different gripping configurations, and different
testing mochines, This difference in strain rate con affect the
reproducibiliny of yield strength in srain-rale-sensitive make-
rials.

A1 Ivas not the intent of this method oo ron the wsting
machine in closed-loop foree control, because as the material
beging to yvield the testing machine will speed up, possibly o
its maximum speed, However, using closed-loop force control
during the elastic region of the fest and switching o an
equivakent crosshesd speed prior 1o vield is an acceptable
method,

X422 Contred Method B —Rare of Sweaining Cowurrof
Method Jor Determining Yeld Properies - This method s
usually performed with a testing machine that has a closed-
loop contrel system that uses feedback from an extensometer (o

automatically adjust the speed of the testing machine.
However, some skilled operators can monitor a strain rate
indicator attached to the extensometer and adjust the speed of
the testing machine manually 1o maintain the required strain
rate test speed, To mantain constant steam rale control during
o test, the crosshead speed of the esting mochine must slow
down drstically when the specimen begins to yield. This
method has three advantages. (f) The time o achieve yield
resulis is shont {ghout 200 w0 40 ). (2] The reproducibility of
vield sirength test resulis from machine o machine and
laboratory 1o laboratory 15 good. (3 The agreement with the
results of Control Method C 15 good, becouse the sirain rates
are similor when the specimen’s vield strength s determined.
This methed has three disadvantages, (F) The testing eguip-
ment is generally more expensive. (2 ) Proper control and safety
depend on the contrel parameters 00 be properly set and that the
cxtensometer integrity be maintained (accidental slippage of
the extensomeier can result in unexpected movement of the
crosshead). Proper safety limits must be set 0 ensure safety of
personnel and equipment. (3} When materials have vield points
or yiekd discontinuously, a machine under closed-loop sirain-
rate contiod can behave eratically, This control method is mot
recomimended for materials that vield discontinuously,

X423 Control Method © - Crossheod Speed Control
Method for Determining Yield Properiies—This method can be
performed on any testing machine that has regsonably good
crosshepd speed control. This method hos three advantages. ()
The reproducibility from machine to machine and laboratory o
laboratory is good. (2] The agreement with Control Method B
is good, because the simain raies are similar when the speci-
men’s yicld strength is determined. ¢3) This method of con-
trolling a testing machine is excellent for materials that yield
discontinuously. The disadvantage of this method of conirol is
that the test time o yield can be more than thiee minutes,
depending on the material being tested and the compliance of
the testing machine including its grip assemblies,

X4.2.310 An example nsing SF merric wnits of ow fo apply
Conbeod Metfod C totesting Specimen | in Fig, 7 15 s follows.,
The length of the reduced parallel section, that is, dimension A
in Fig. 7, 15 equal o 60 mm, The crosshead speed i= determimed
per Contrel Method © by muluplyving 60 mm by 0015
mm'mm'min to arrive at o crosshead speed of (0.9 mmfmin.

XKAZ AT An exennple using DS, cnstomary pnits af how fe
aply Coverred Method O fo testing Specimen | in Fig. 7 is as
follows. The length of the redwced paralle]l section, that is,
dimension A in Fig. 7 is equal o0 2.25 in. The crosshead speed
is determined per Control Method C by muliiplying 2.25 in. by
0015 indindmin to armive ai a crosshead speed of (0034
inSmin,
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A& CALCULATING THE YIELD STREMGTH WHEN THE STRESS-STRAIN CURVE DEVIATES FROM IDEAL BEHAVIOR

X5.1 Inmany cases, the stress-stroin disggram deviates from
the ideal behavior that Fig. 21 illustrates. To compute the yield
strength by the offset method (7.7.1) or the extension-under-
load method (7.7.2), these deviations should analyzed appro-

priately.

X532 Fig. X501 illustrates o schemabic stress-strain diagram
with ealized behavior and hve types of deviation from wdeal
behavior. This appendix suggests methods for computing the
offset and extension-under-load vield strengths when these
deviations occur,
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X535 Fig. X5.1a shows the ideal behavior. The line £A4,
superimposed on the struight-line portion of the stress-strain
curve, intersects the origin, £, of the stress strain disgram. For
the offset method, the line mn is parallel o 04 at o distance X
from the inlersection of €A with the stran axis, For the
extenson-under-load method, the line pg extends vertically
from the straon axis af o distance ¥ from the inlersection of A
with the strain axis

A54 Fig. X5.1b illustrates behavior that can occur it the
extenzometer 15 disploced shghtly w negatve sraims when i is
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FI3. X5.1 Schematic Stress-atrain Diagram
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attached 1o the specimen.

X5.5 Fig. X5.1c illusirates behavior that can occur if the
extensometer slips on the specimen when the Torce 15 applied,

X5.6 Fig. X5 0d illustrates the behavior that can ocour when
the specimen strmightens os the force 15 applied, due to
misalignment or residunl stress,

X5.7 Fig. X5. e illusirates the behavior that can oceur if the
specimen slips in the grips and disturhs the extensometer as the
force is applied.

X358 Fig. X5 If illustrates the behavior that sometimes
oecurs inbent specimens or specimens with coil set

X5.9 In all five non-ideal cases, the straighi-line portion of
the siress-strain curve no longer intersects the origin, 2, of the
stress-sirnin diagram. Instead, the line €84 intersects the strain
axis at a point £, In the offset method., the line mn is parallel
(FA at a distance X from the point £, the intersection of the
clastic loading line, (34, with the strain axis. In the exiension-
under-load method, the line pg exiends vertically from the
strain axis at a distance ¥ from the point O

SUMMARY OF CHANGES

Committee E28 hos identified the location of selected changes to this standard since the last issue
(E&ERM — 21 that may impact the vse of this standand, (Approved May 1, 2022.)

() Section 7,22 was revisad,
(2] Section 7.3 was revised,

{31 Section 7.11.5, 1 was revised,
(41 Section 8.5 was revised.

Committee E2E has identified the location of sclecied changes to this standard since the last issue

(ER/ERM —

({1 Section &.1.5 was added.

16a""} that may impact the use of this standard. (Approved February 1, 2021.)

{21 Mote 5 and MNote 6 were added.
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