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Elevated Temperature Tension Tests of Metallic Materials
This standard is issued under the fixed designation E 21; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon €) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope Comparison Techniques

1.1 These test methods cover procedure and equipment for E 633 Guide for Use of Thermocouples in Creep and Stress
the determination of tensile strength, yield strength, elongation, _Rupture Testing to 1800°F (1000°C) in Air
and reduction of area of metallic materials at elevated tempera- E 691 Practice for Conducting an Interlaboratory Study to
tures. Determine the Precision of a Test Method

1.2 Determination of modulus of elasticity and proportional
limit are not included.

1.3 Tension tests under conditions of rapid heating or rapid 3-1 Definitions: _ _ _ _
strain rates are not included. 3.1.1 Definitions of terms relating to tension testing which

1.4 The values stated in SI units are to be regarded as tfiPP€ar in Terminology E 6, shall apply to the terms used in this
standard. test method.

1.5 This standard does not purport to address all of the 3-2 Definitions of Terms Specific to This Standard:
safety concerns, if any, associated with its use. It is the 3-2-1reduced section of the specimethe central portion
responsibility of the user of this standard to establish appro-°f the Iength having a cross section smaller than the ends which
priate safety and health practices and determine the applica@’® gripped. The cross section is uniform within tolerances

bility of regulatory limitations prior to use. prescribed in 7.7. _ _
3.2.2 length of the reduced sectierthe distance between

2. Referenced Documents tangent points of the fillets which bound the reduced section.
2.1 ASTM Standards? 3.2.3 adjusted length of the reduced secti@ngreater than
E 4 Practices for Force Verification of Testing Machines the length of the reduced section by an amount calculated to

E 6 Terminology Relating to Methods of Mechanical Test-compensate for strain in the fillet region (see 9.2.3).
ing 3.2.4 gage length-the original distance between gage

E 8 Test Methods for Tension Testing of Metallic Materials Marks made on the specimen for determining elongation after

E 29 Practice for Using Significant Digits in Test Data to fracture. _ .
Determine Conformance with Specification 3.2.5 axial strain—the average of the strain measured on

E 74 Practice for Calibration of Force Measuring Instru- OPPOsite sides and equally distant from the specimen axis.
ments for Verifying the Force Indication of Testing Ma-  3.-2.6 bending strair-the difference between the strain at
chines the surface of the specimen and the axial strain. In general it

E 83 Practice for Verification and Classification of Exten- Varies from point to point around and along the reduced section
someters of the specimen.

E 177 Practice for Use of the Terms Precision and Bias in 3-2.7 maximum bending strairthe largest value of bend-
ASTM Test Methods ing strain in the reduced section of the specimen. It can be
E 220 Test Method for Calibration of Thermocouples bycalculated from measurements of strain at three circumferential
positions at each of two different longitudinal positions.

3. Terminology

4. Significance and Use

1 These test methods are under the jUriSdiCtiOn of ASTM Committee E28 on 41 The elevated_temperature tens|0n test glves a useful
Mechanical Testing and are the direct responsibility of Subcommittee E28.10 on__.. T . . .
Effect of Elevated Temperature on Properties. estimate of the ability of me_tals to Wlth_stand the appllcatlon of

Current edition approved Dec. 1, 2003. Published January 2004. Original@pplied tensile forces. Using established and conventional
apgroved in 1933. Last previous edition approved in 1998 as E 21 -92 (1998). relationships it can be used to give some indication of probable

For referenced ASTM standards, visit the ASTM website, www.astm.org, or ; f _
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM b.ehaVIOr: under Othe;:] S|mple.|s_tates IOf Stress’ such as compres
Standardssolume information, refer to the standard’s Document Summary page oro!ON, shear, etc. T e dUCt'l ity values _g“/e a comparative
the ASTM website. measure of the capacity of different materials to deform locally
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without cracking and thus to accommodate a local stresbending stresses may result. Therefore, grips and pull rods
concentration or overstress; however, quantitative relationshipshould be periodically retested for axiality and reworked when
between tensile ductility and the effect of stress concentrationsecessary.

at elevated temperature are not universally valid. A similar 5.1.3 The testing machine shall be equipped with a means of
comparative relationship exists between tensile ductility angneasuring and controlling either the strain rate or the rate of

strain-controlled, low-cycle fatigue life under simple states ofcrosshead motion or both to meet the requirements in 9.6.
stress. The results of these tension tests can be considered ag 1 4 For high-temperature testing of materials that are

only a questionable comparative measure of the strength angdagily attacked by their environment (such as oxidation of
ductility for service times of thousands of hours. Therefore, thgnetalin air), the specimen may be enclosed in a capsule so that
principal usefulness of the elevated-temperature tension testiiscan be tested in a vacuum or inert gas atmosphere. When
to assure that the tested material is similar to reference materig|,cp, equipment is used, the necessary corrections must be
when other measures such as chemical composition angdade to determine the actual forces seen by the specimen. For
microstructure also show the two materials are similar. instance, compensation must be made for differences in pres-
5. Apparatus sures inside and outside of the capsule and for any variation in
the forces applied to the specimen due to sealing ring friction,

5.1 Testing Machine b
. . ... . bellows or other features.
5.1.1 The accuracy of the testing machine shall be within W ) N
5.2 Heating Apparatus

the permissible variation specified in Practices E 4. ) )

5.1.2 Precaution should be taken to assure that the force on>-2-1 The apparatus for and method of heating the speci-
the specimens is applied as axially as possible. Perfect axi#l€ns should provide the temperature control necessary to
alignment is difficult to obtain especially when the pull rods Satisfy the requirements specified in 9.4.
and extensometer rods pass through packing at the ends of theb.2.2 Heating shall be by an electric resistance or radiation
furnace. However, the machine and grips should be capable #frnace with the specimen in air at atmospheric pressure unless
loading a precisely made specimen so that the maximur@ther media are specifically agreed upon in advance.
bending strain does not exceed 10 % of the axial strain, when - . .

. . . Note 2—The media in which the specimens are tested may have a

the calculations are based on Stram readlngs tak(_:"n at, Zero _forggnsiderable effect on the results of tests. This is particularly true when the
and at the lowest force for which the machine is beingproperties are influenced by oxidation or corrosion during the test.

qualified. .
5.3 Temperature-Measuring Apparatus

Note 1—This requirement is intended to limit the maximum contribu- 5.3.1 The method of temperature measurement must be
tion of the testing apparatus to the bending which occurs during a test. It .~

is recognized that even with qualified apparatus different tests may ha\IEUfﬁC'ently S_enS't'_Ve and re“abl_e t_o ensur?_tha.t the temperature
quite different percent bending strain due to chance orientation of £ the specimen is within the limits specified in 9.4.4.
loosely fitted specimen, lack of symmetry of that particular specimen, 5.3.2 Temperature should be measured with thermocouples

lateral force from furnace packing, and thermocouple wire, etc. The scarnh conjunction with the appropriate temperature indicating
evidence available at this tifiendicates that the effect of bending strain instrumentation.

on test results is not sufficient, except in special cases, to require the
measurement of this quantity on each specimen tested. Note 3—Such measurements are subject to two types of error. Ther-

5.1.2.1 In testing of brittle material even a bending strain ofmocouple calibration and instrument measuring errors initially introduce
10 % may result in lower strength than would be obtained Withuncertainty as to the exact temperature. Secondly both thermocouples and

: d axiality. In th ts of bendi measuring instruments may be subject to variation with time. Common
Improved axiality. In these cases, measurements or bending,, s encountered in the use of thermocouples to measure temperatures

strain on the specimen to be tested may be specificallyciude: calibration error, drift in calibration due to contamination or
requested and the permissible magnitude limited to a small@feterioration with use, lead-wire error, error arising from method of
value. attachment to the specimen, direct radiation of heat to the bead, heat-

5.1.2.2 In general, equipment is not available for determinconduction along thermocouple wires, etc.

ing maximum bending strain at elevated temperatures. The 5 3 3 Temperature measurements should be made with ther-
testing apparatus may be qualified by measurements of axialiphocouples of known calibration. Representative thermo-
made at room temperature using the assembled machine, pglhyples should be calibrated from each lot of wires used for
rods, and grips used in high temperature testing. The specimgfaking base-metal thermocouples. Except for relatively low
form should be the same as that used during the elevategsmperatures of exposure, base-metal thermocouples are sub-
temperature tests and deS|gn'ed SO t_hat only elastic strains OCGHEt to error upon reuse, unless the depth of immersion and
throughout the reduced section. This requirement may necegsmperature gradients of the initial exposure are reproduced.
sitate use of a material different from that used during thegonsequently base-metal thermocouples should be verified by
elevated-temperature test. See Practice E 1012 for recorfye yse of representative thermocouples and actual thermo-
mended methods for determining specimen alignment. couples used to measure specimen temperatures should not be
5.1.2.3 Gripping devices and pull rods may oxidize, warp.yerified at elevated temperatures. Base-metal thermocouples
and creep with repeated use at elevated temperatures. Increasgsh should not be reused without clipping back to remove wire
exposed to the hot zone and rewelding. Any reuse of base-
3 Subcommittee E28.10 on Effect of Elevated Temperature on Properties reques‘f@etal thermocouples after relatively Iow-temperature use with-
factual information on the effect of nonaxiality of loading on test results. out this precaution should be accompanied by recalibration
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data demonstrating that calibration was not unduly affected bynarked as “approximate yield strength.” The observed exten-

the conditions of exposure. sion should be adjusted by the procedure described in 9.6.3 and
5.3.3.1 Noble metal thermocouples are also subject to errors0.1.3.

due to contamination, etc., and should be periodically annealed 5.4.5 The extensometer system should include a means of

and verified. Thermocouples should be kept clean prior tandicating strain rate.

exp%sgr; ?/Ind during use a;t er:evate(? tder.‘?tp(.eratl;res. | Note 5—The strain rate limits listed in 9.6 are difficult to maintain
.3.3. easurement of the emf drift in thermocoup esmanually by using equipment which has a pacer disk and a follower hand.

during use is difficult. When drift is a problem duri_ng tests, agquipment that makes timing marks on the edge of the force-strain record
method should be devised to check the readings of thequires some trial and error to set the machine controls to give the

thermocouples on the specimen during the test. For reliablepecified rate during yielding. Such marks are, however, very useful in
calibration of thermocouples after use the temperature gradieﬁgtermlnmg the strain rate after test. Convenient pacers, recently offered

of the testing furnace must be reproduced during the reca”bré)_y several manufacturers, work on the principle of an indicating tachom-
tion eter. The machine is manually adjusted to keep the indicator hand of the

. . .. pacer stationary at a predetermined number.
5.3.4 Temperature-measuring, controlling, and recording in® Y P

struments should be verified periodically against a secondary 2-> Room-Temperature ContrelUnless the extensometer
standard, such as a precision potentiometer and if necessdﬁ/known to be insensitive to ambient temperature changes, the

re-calibrated. Lead-wire error should be checked with the leaf?nge Of ambient temperature should not exceed 6°C (10°F)
wires in place as they normally are used. while the extensometer is attached. The testing machine should

5.4 Extensometer System not be exposed to perceptibly varying drafts.

5.4.1 Practice E 83, is recommended as a guide for selectir@
the required sensitivity and accuracy of extensometers. For’ ) . . )
determination of offset yield strength at 0.1 % or greater, a 6.1 Unless otherwise specified the following sampling pro-
Class B-2 extensometer may be used. The extensometer shoGfgdures shall be followed: _ _ _
meet the requirements of Practice E 83 and should, in addition, 6:1-1 Samples of the material to provide test specimens
be tested to assure its accuracy when used in conjunction withall be takgn f_rom such locations as to be representative of the
a furnace at elevated temperature. One such test is to meastfft from which it was taken. o ,
at elevated temperature the stress and strain in the elastic rangé-1-2 Samples shall be taken from material in the final
of a metal of known modulus of elasticity. Combinations of ondition (temper). One test shall be made on each lot.
stress and temperature which will result in creep of the 6.1.3 Alot shall consist of all material from the same heat,
specimen during the extensometer system evaluation should F@Mminal size, and condition (temper).
avoided.

Sampling

7. Test Specimens and Sample

Note 4—If an extensometer of Class B-2 or better is attached to the 7 1 The size and shape of the test specimens should be
reduced sect_lor_1 of the specimen, the slope of _the stress-strain curve Wwased primarily on the requirements necessary to obtain
usually be within 10 % of the modulus of elasticity. representative samples of the material being investigated.

5.4.2 Non-axiality of loading is usually sufficient to cause 7.2 Unless otherwise specified, test specimens shall be
significant errors at small strains when strain is measured Ofriented such that the axis of the specimen is parallel to the
only one side of the speciménTherefore, the extensometer girection of fabrication, and located as follows:

should be attached to and indicate strain on opposite sides 0f7.2.1 At the center for products 38 mmi£lin.) or less in
the specimen. The reported strain should be the average of thigickness, diameter, or distance between flats.

strains on the two sides, either a mechanical or electrical 7.2.2 Midway from the center to the surface for products
average internal to the instrument or a numerical average qfver 38 mm (¥ in.) in thickness, diameter, or distance
two separate readings. between flats.

5.4.3 When feasible the extensometer should be attached 7.3 Specimen Configurations described in Test Methods E 8,
directly to the reduced section of the specimen. When necegre generally suitable for tests at elevated temperatures; how-
sary, other arrangements (discussed in 9.6.3) may be used Byer, tighter dimensional tolerances are recommended in 7.6.
prior agreement of the parties concerned. For example, specigthe particular specimen used should be mainly governed by
arrangements may be necessary in testing brittle materiatfe requirements specified in 7.1. When the dimensions of the
where failure is apt to be initiated at an extensometer knianateriaJ permit, except for sheet and strip’ the gage |ength of
edge. the specimens should have a circular cross section. The largest

5.4.4 To attach the extensometer to miniature specimengiameter specimen consistent with that described in 7.1 should
may be impractical. In this case, separation of the specimepe ysed, except that the diameter need not be greater than 12.7
holders or crossheads may be recorded and used to determifgn (0.500 in.). The ratio of gage length to diameter should be
strains corresponding to the 0.2 % offset yield strength. The as for the standard specimens described in Test Methods E 8.
value so obtained is of inferior accuracy and must be clearlyf different ratios are used, the specifics should be reported in

the results.

“Tishler, D. N., and Wells, C. H., “An Improved High-Temperature Extensom- NOoTE 6—Specimen size in itself has little effect on tensile properties
eter,” Materials Research and Standardémerican Society for Testing and provided the material is not subject to appreciable surface corrosion, lack
Materials, MTRSA, Vol 6, No. 1, January 1966, pp. 20-22. of soundness, or orientation effects. A small number of grains in the
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specimen cross section, or preferred orientation of grains due to fabricdailure may regularly occur at the fillets. In these cases, the
tion conditions, can have a pronounced effect on the test results. Whegenter of the reduced section may be made smaller by a gradual
corrosion is a factor in testing, the results do become a function Of(aper from the ends and the exception to the requirements
specimen size. Likewise, surface preparation of specimens, if affectin%bove noted in the report. Specimen surfaces shall be smooth
results, becomes more important as the specimen size is reduced. and free from undercSts éndpscratches Cold work introduced
7.4 Specimens of circular cross section should havenrough machining or handling can produce high residual
threaded, shouldered, or other suitable ends for gripping whichiyesses or other undesired effects and should be minimized.
will meet the requirements of 5.1.2. The axis of the reduced section should be straight within
Note 7—Satisfactory axial alignment may be obtained with precisely =0.5 % of the diameter. Threads of the specimen should be
machined threaded ends. But at temperatures where oxidation and creepncentric with this axis within the same tolerance. Other
are readily apparent, precisely fitted threads are difficult to maintain and tpneans of gripping should have comparable tolerances.
separa_te_ after test. Practical ct_)ns_iderations require the use of relatively 7 7 For cast-to-size specimens it may not be possible to
'OOSJ;'QH'”Q threads. Other gripping methods have been successfullyyhare 1o the diameter, straightness, and concentricity limita-
used ) o tions of 7.6, but every effort should be made to approach these
7.5 For rectangular specimens some modifications of thes closely as possible. If the specimen does not meet the
standard specimens described in Test Methods E 8 are usualquirements specified in 7.6, the test report should so state.

necessary to permit application of the force to the specimen ifhe magnitude of the deviations should be reported.
the furnace with the axiality specified in 5.1.2. If the material

available is sufficient, the use of elongated shoulder ends t8. Calibration and Standardization

permit gripping outside the furnace is the easiest method. 8.1 The following devices should be calibrated against
When the length of the specimen is necessarily restrictetstandards traced to the National Institute of Standards and

several methods of gripping may be used as follows: Technology. Applicable ASTM methods are listed beside the
7.5.1 A device that applies the force through a cylindricalgevice.

pin in each of the enlarged ends of the specimen. The pin holes, .. measuring system

E 4 and E74
should be accurately centered on extensions of the centerline eftensometer E 83
the gage section. Grips of this type can provide good axiality of'hermocouples® E 220

loadi 5 Potentiometers
oading: Micrometers

7.5.2 H|gh-temperature sheet grips similar to those illus- A Melting point methods are also recommended for thermocouple calibration.

trated in Test Methods E 8 and described as self-adjusting 8.1.1 Axiality of the loading apparatus should be measured
grips. These have proven satisfactory for testing sheet materis described in 5.1.2.
als that cannot be tested satisfactorily in the usual type of 8.2 Calibrations should be as frequent as is necessary to
wedge grips. assure that the errors in all tests do not exceed the permissible
7.5.3 Extension tabs may be welded or brazed to thariations listed in this test method. The maximum period
specimen shoulders and extended to grips outside the furnaggetween calibrations of the testing machine shall be one year.
When these are used, care must be exercised to maintajfistruments in either constant or nearly constant use should be
coaxiality of the centerlines of the extensions and the gagealibrated more frequently; those used only occasionally

length. Any brazing or welding should be done in a jig or should be calibrated before each use.
fixture to maintain accurate alignment of the parts. Any

machining should be done after brazing or welding. 9. Procedure
7.5.4 Grips that conform to and apply force against the 9.1 Measurement of Cross-Sectional AreBetermine the
fillets at the ends of the reduced section. minimum cross-sectional area of the reduced section of the

7.6 The diameter (or width) at the ends of the reducedspecimen as specified in 7.2 of Test Methods E 8 or E 8M. In
section of the specimen should not be less than the diameter (gtidition measure the largest diameter (or width) in the reduced
width) at the center of the reduced section. It may be desirablgection and compare with the minimum value to determine
to have the diameter (or width) of the reduced section of thevhether the requirements of 7.6 are satisfied.
specimen slightly smaller at the center than at the ends. This 9.2 Measurement of Original Length
difference should not exceed 0.5 % of the diameter (or width). 9.2.1 Unless otherwise specified, base all values for elon-
When specimens of this form are used to test brittle matel’ia|5gation on a gage length equal to four diameters in the case of

round specimens and four times the width in the case of
rectangular specimens, the gage length being punched or

s Schmieder, A. K., “Measuring the Apparatus Contributions to Bending in SCrib€d on the reduced section of the specimen.

Tension SpecimensElevated Temperature Testing Problem Areas, ASTM STP 488 N 8—Elonaation values of specimens with rectanqular cross sec-
American Society for Testing and Materials, 1971, pp. 15-42. OTE 9 p 9

s penny, R. K., Ellison, E. G., and Webster, G. A., “Specimen Alignment andtions cannot be compared unless all dimensions including the thickness
Strain Measurement in Axial Creep Testd/laterials Research and Standards ar€ gqual. Therefor.e, an .elongzlzltlon specification should include .the
American Society for Testing and Materials, MTRSA, Vol 6, No. 2, February 1966, Specimen cross-sectional dimensions as well as the gage length. Using a
pp. 76-84. gage length equal to 4.5 times the square root of the cross-sectional area
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compensates somewhat for variations in specimen thickness but even thised in the hot zone, it should be determined that the electrical
does not re_sult in the same valut_a of elongation when specimens of thﬁsulating properties are maintained at higher temperatures.
same material are machined to different thicknesses and fested. 9.4.3 When the length of the reduced section is less than 50
9.2.2 When testing metals of limited ductility gage marksmm (2 in.), attach at least two thermocouples to the specimen,
punched or scribed on the reduced section may be undesirald@e near each end of the reduced section. For reduced sections
because fracture may occur at the stress concentrations geeater-than or equal to 50 mm (2 in.) add a third thermocouple
caused. Then, place gage marks on the shoulders or measurear the center of the reduced section.
the over-all length of the specimen. Also measure the adjusted 9.4.4 For the duration of the test, (defined as the time from
length of the reduced section to the nearest 0.2 mm (0.01 inthe application of force until fracture), do not permit the
as described in 9.2.3. If a gage length, other than that specifieglfference between the indicated temperature and the nominal

in 9.2.1 is employed to measure elongation, describe the gagest temperature to exceed the following limits:
length in the report. In the case of acceptance tests, any ;o and including 1000°C (1800°F) +3°C (5°F)
deviation from 9.2.1 must be agreed upon before testing. Above 1000°C (1800°F) +6°C (10°F)

Note 9—The availability of flexible ceramic fiber cords for mounting ~ When testing at temperatures of a few hundred degrees,
of high temperature extensometers with high purity ceramic rods withinternal heating due to plastic working may raise the tempera-
chisel or vee-chisel ends, provides a good measure of ductility withou,re of the specimen above the limits specified. In these cases

excessive damage to the gage section caused by other types of eXtenSqW(':lude the temperature at maximum force and the reason for
eters or traditional punch or scribe marks. Damage to the rods from

specimen failure may be minimized through the use of spring loadedN€ Overshoot in tl;l_e rgport. .,
attachment fixtures. Non contact extensometers may also be used for this9.4.5 The term “indicated temperature” means the tempera-

purpose. ture that is indicated by the temperature measuring device

9.2.3 When the extensometer is to be attached to thESing good quality pyrometric practice.
specimen §h0U|der5: measure the adjusted .Iength of the renore 111t is recognized that true temperature may vary more than the
duced section between points on the two fillets where théndicated temperature. The permissible indicated temperature variations in
diameter (or width) is 1.05 times the diameter (or width) of the9.4.4 are not to be construed as minimizing the importance of good
reduced section. The strain rate and offset yield calculations afyrometric practice and precise temperature control. All laboratories

based on this dimension (see 9.6.3, 10.1.2, and 10.3). shoul_d keep b_oth indicated _and t_rue_temperature variations as small as
practicable. It is well recognized, in view of the extreme dependency of

Note 10—In the yield region, stress is approximately proportional to strength of materials on temperature, that close temperature control is
offset strain to a power which usually lies in the range from zero to 0.20necessary. The limits prescribed represent ranges which are common
For specimens of circular cross section the above value of adjusted lengfiractice.

of the reduced section was found by calculation to give an error in yield 946 T h duri heati hall
stress of less tha¥k % within this range of exponents and for fillet radii S empera_ltu_re overshoots during heating shall not ex-
ranging from¥%: to 1 times the diameter of the reduced section. TheC€€d the above limits, unless agreed upon by the customer and

method of calculation was similar to that used by Thomas and Catlsonthe supplier. The heating characteristics of the furnace and the
temperature control system should be studied to determine the

tion and those parts of the specimen which contact the grips jROWer input, temperature set point, proportioning control
clean alcohol, acetone, or other suitable solvent that will no _dJ_ustment, and contrak-thermocouple placement necessary to
affect the met’al being t’ested imit transient temperature overshoots. It may be desirable to

9.4 Temperature Control stabilize the furnace at a temperature from 6 to 28°C below the

9.4.1 Form the thermocouple bead in accordance WiﬂFomlnal test temperature before making the fmgl adjust.ments.
Guide E 633. f allowed, overshoots shall be reported, with details of

9.4.2 In attaching thermocouples to a specimen, thejunctioﬂwlgnltude aqd duratlon._ )
must be kept in intimate contact with the specimen and 9.4.7 The time of holding attemp_erature prior to the start of
shielded from radiation. Shielding may be omitted if, for athe testshould be governed by the time necessary to ensure that
particular furnace and test temperature, the difference ithe specimen has reached equilibrium and that the temperature
indicated temperature from an unshielded bead and a be&®" be_ mamtame_d W|th.|n t_he limits specified in 9.4.4. Unless
inserted in a hole in the specimen has been shown to be leSherwise specified this time should not be less than 20
than one half the variation listed in 9.4.4. The bead should b&Nutes. Report the time to attain test temperature and the time
as small as possible and there should be no shorting of tHd temperature before testing. _
circuit (such as could occur from twisted wires behind the 95 Connecting Specimen to the Machin@ake care not to

bead). Ceramic insulators should be used on the thermocoupl¥roduce nonaxial forces while installing the specimen. For
in the hot zone. If some other electrical insulation material is€xample, threaded connections should not be turned to the end

of the threads or “bottomed.” If threads are loosely fitted,

lightly apply force to the specimen string and manually move

- it in the transverse direction until the force drops to its
7 Stickley, G. W., and Brownhill, D. J., “Elongation and Yield Strength of minimum value before testing. If packing is used to seal the
Aluminum Alloys as Related to Gage Length and Offs&rbceedingsAmerican furnace, it must not be so tight that the extensometer arms or

Society for Testing and Materials, ASTEA, Vol 65, 1965, pp 597-616. . . .
®Thomas, J. M., and Carlson, J. F., “Errors in Deformation Measurements f0|puII rods are dISplaCEd or their movement restricted.

Elevated Temperature Tension Tes8STM BulletinASTM, May 1955, pp. 47-51. 9.6 Strain Measurement and Strain Rate

9.3 Cleaning SpecimeaWash carefully the reduced sec-
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9.6.1 The tensile properties of materials tested at elevatedf coupling or crosshead separation. In order to adjust for the
temperature are, in general, affected by the rate of deformatioextension which occurs outside the reduced section, two
It is therefore important that this rate be controlled andspecimens must be tested, one with the standard reduced
reported. section and the other, a shortened specimen, with similar grip

9.6.1.1 During yield strength determination, maintain theends and shoulders but without fillets and reduced section. The
strain rate in the uniform section of the test specimen at 0.00&tter need only be tested to the force level required to yield the
+ 0.002/min. After yield strength determination, increase theformer (see 10.1.3).
rate of crosshead motion to 0.05 0.01 times the adjusted 9.6.7 To allow for the elastic strain in the machine parts,
length of the reduced section of the specimen per minute. pull rods and grips, set the rate of crosshead motion during

9.6.1.2 If it has been established that the crosshead spegtklding at or slightly higher than the upper limit of the
remains constant within the tolerance above, the extensometegzcommended range, that is 0.007 times the adjusted length of
and strain rate indicator may be used to set a strain rate of 0.Gfe reduced section per minute. At strains exceeding that
+ 0.01/min after yield strength determination. To protect itcorresponding to the yield strength of the material being tested,
from damage, the sensing element of the extensometer may bapply the method of 9.6.2.
removed before maximum force is reached. 9.7 Recording Maximum Foreelf an autographic recorder
Note 12—Even with constant crosshead speed, the strain rate in thg]c force and e>_<tenS|on is used, continue the recqrdmg of force
specimen may still vary. Before maximum force it will be less than theafter the sensing element Qf the extensometer is removed. In
nominal rate due to the elasticity of the machine and grips and th@ny case observe the maximum force and record manually.
progressive elongation of the specimen. After maximum force it will be 9.8 Measurements of Specimen After Test
greater than the nominal rate due to nonuniform strain during neck down. 9.8.1 For measuring elongation, fit the ends of the fractured
Avqilaple_ experimental evidgnce does not justify the adde_d complexity ngecimen together Carefu”y and measure the distance between
maintaining a constant strain rate throughout the post-yield stages of gage marks or the over-all length to the nearest 0.2 mm (0.01
tension test. in.) at room temperature.

9.6.2 When yield strength determination is not required, an 9.8.2 If any part of the fracture surface extends beyond the
extensometer need not be used. A pacing device should be usgfiddle half of the reduced section of the specimen, the
to maintain the rate of crosshead motion at 0208.01 times  elongation value obtained may not be representative of the
the adjusted length of the reduced section of the specimen, pgfaterial. In the case of an acceptance test, if the elongation
minute. meets the minimum requirements specified, no further testing

9.6.3 When yield strength determinations are required, obis required; but if the elongation is less than the specified
servations of force and extension during loading and througininimum the test may be discarded and a retest made.
yield are necessary. The following three means of making these 9.8.3 For measuring reduction of area of specimens of
observations are acceptable: circular cross section, fit the ends of the fractured specimen

9.6.3.1 For specimens of normal size and ductility, attach afogether carefully and measure the minimum diameter to the
extensometer to the reduced section of the specimen. nearest 0.2 mm (0.01 in.) at room temperature. If the fracture

9.6.3.2 When metals of limited dUCti"ty are tested attach thexross section is not round, make sufficient measurements to
extensometer to the specimen shoulders. establish the cross-sectional area at fracture. If the fracture

9.6.3.3 For miniature specimens, measure coupling obccurs at a fillet or gage mark the reduction of area may not be
crosshead separation to determine an approximate yielébpresentative of the material. In the case of an acceptance test,
strength. if the reduction of area meets the specified minimum, no

9.6.4 When the extensometer is attached to the reducedrther testing is required, but if the reduction of area is less
section of the test specimen, a strain rate indicator should bgan the specified minimum the test may be discarded and a
used to maintain a rate of 0.005 0.002/min through the retest made.
yielding range. Smaller strain rates are permissible within the
elastic range. 10. Calculations

Note 13—With conventional testing machines, the strain rate often 10.1 Yield Strength
cannot be controlled closely if the material yields in a relatively sudden 10.1.1 Unless otherwise specified determine the yield
manner. In such cases the speed control should be preset to the rate whigftength reported at an offset of 0.2 % as described in Test
experience shows will result in the specified strain rate at the force\jethods E 8.
corresponding to the yield stress. This will usually be at a strain rate which
will result from a rate of crosshead motion of 0.005 times the adjusted Note 14—The accurate measurement of proportional limit and offset
length of the reduced section of the specimen, per minute. yield strength of 0.02% or less is extremely dificult at elevated

. . temperatures. Even though the extensometer has the required accuracy
9.6.5 When the extensometer is attached to the Specimeq) 4 sensitivity during room-temperature calibration, this is not assurance

shoulders, use the adjusted length of the reduced section {4 the strain measurements during the elevated-temperature tension test
calculate the setting of the strain-rate indicator or pacer duringill have equal accuracy. High temperature at the attachment points and
yielding. Otherwise the procedure is the same as that describedtensometer rods passing through the furnace packing will probably
above. reduce the accuracy significantly. Therefore, the determination of propor-
9.6.6 When the stock size requires use of specimens |edignal limit and offset yield strength of 0.02 % or less is not recommended.
than 6.25 mm (0.25 in.) in diameter, the approximate 0.2 10.1.2 If the extensometer must be attached to the specimen
percent offset yield strength may be determined from a recordhoulders, base the offset extension (millimeters or inches) on
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the adjusted length of the reduced section, that is, 0.002 timekl. Report
the adjusted length of the reduced section for 0.2 percent offset 11.1 The report shall include the following:

yield strength and corresponding values for other yield 11.1.1 Description of material tested, including method of

strengths. manufacture, type and size of product, and other pertinent
10.1.3 If coupling or crosshead separation are recordegrocessing information, as well as heat treatment, microstruc-

adjust the observed extension in the following two steps. Firstiure, and chemical composition.

to compensate for machine elasticity, grip distortion and 11.1.2 Specimen dimensions, including cross-sectional di-

shoulder strain, reduce values for the standard specimen by tieensions, fillet radius, length of reduced section, adjusted

values for the shortened specimen at corresponding applidength of reduced section (if used), type of end connection, and

forces. Second, treat this adjusted strain datum by the methodhether machined, partially machined, or as cast.

of 10.1.2. Report only yield strengths with offsets of 0.2 % or 11.1.3 Temperature of test.

more and label these “approximate yield strength.” 11.1.4 Strain rate during yielding and strain rate after

10.2 Tensile Strength-Calculate the tensile strength by Yielding. . _
dividing the maximum force, during a test carried to fracture, 11.1.5 Yield strength, if required, and the method used to

by the original minimum cross-sectional area of the reduced€términe the yield strength. '
section of the specimen. 11.1.5.1 When one or more values of yield strength are

. required, the amount of the offsets should be shown with the
10.3 Elongation i
) numerical values.
10.3.1 When the gage length is marked on the reduced 17 1 5 |f the extensometer was attached to the specimen
section of a specimen having a nominally uniform cross-shqyders, this fact should be stated in a footnote to the values.
sectional area, the elongation is equal to the gage length after 11 1 5.3 |f an extensometer was not attached directly to the

fracture minus the original gage length, the difference eXspecimen, the value should be listed as “approximate yield
pressed as a percentage of the original gage length. If the gaggength (offset = 0.2 %).”

length includes fillets, shoulders, threads, etc., the change in 11 1 6 Tensile strength.

gage length is expressed as a percentage of the adjusted length 1 1.7 Elongation and gage length. If elongation was mea-

of the reduced section of the specimen. sured from gage marks not on the reduced section of the
10.3.2 A method that can sometimes be used when there #pecimen this fact should be included in the designation of the

autographic recording of strain up to the moment of fracture, igjuantity, for example“ elongation from shoulder measure-

to read the elongation as strain offset from the initial, linearments” or “elongation from over-all measurements.” If elon-

loading line. This can be useful in the case of materials of veryation was measured from the extensometer record at fracture

low ductility. Since these values are usually lower than thosénstead of after fracture, this should be noted.

measured from the broken specimen, the method of measure-11.1.8 Reduction of area for specimens with circular cross

ment should be stated with the results. section.

10.4 Reduction of Area-Reduction of area is equal to the ~11.1.9 Time to attain test temperature and time at tempera-
minimum cross-sectional area of the reduced section beforiéire before testing.
testing minus the minimum cross-sectional area of the reduced 11.1.10 Other special conditions, such as nonstandard atmo-
section after testing, the difference expressed as a percentagesphere and heating methods, exceptions to required dimen-
the area before testing. Reduction of area is reported only fo¥ional accuracy and axiality of loading, amount and duration of
specimens of circular cross section. temperature overshoot. o _
10.5 Rounding Of-Unless otherwise specified, for pur- 11.1.11 Location and description of fracture. The descrip-

poses of determining compliance with specified limits, ob-fion should include any defects, evidence of corrosion, and

served or calculated values shall be rounded off as indicate%{pe of fracture .('suc.h as cup and cone, b”“"?' She?‘r)-
11.1.12 Identification of equipment used including make

below, in accordance with the rounding method of Practice : ) _
E 29 as follows: and capacity of testing machine, make and class of extensom-

) eter, make and size of furnace, type of temperature controller,
Rounded Unit for Observed or

Quality Measured Caleulated Value and description of thermocouples including material, wire size,
Tensile or Yield Strength Nearest 3.5 MPa (500 psi) attachment, technique and shielding.
Elongation or Reduction of Area Nearest 0.5 % 11.1.13 Name of tester and date of test.



12. Precision and Bias

12.1 Precision—An inter-laboratory test prograhgave the
following values for coefficients of variation for the most

commonly measured tensile propertiés:
Coefficient of Variation, % Tensile Properties at 316°C (600°F)

CV %,
CV %g
CV %,
CV %g

Tensile
Strength

1.0
1.4

Yield
Strength
offset = 0.2 %
3.0
5.1

Elongation gage

length =4

diameters
3.8
8.2
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Reduction of

Area

4.6
4.9

repeatability coefficent of variation in percent within a laboratory.
repeatability coefficient of variation in percent between laboratories.

Coefficient of Variation, % Tensile Properties at 593°C (1100°F)

Tensile
Strength

Yield
Strength
offset =0.2 %

Elongation gage
length =4
diameters

Reduction of
Area

CV %, 1.7 4.0 3.1 2.2
CV %g 4.4 4.4 11.1 45
CV %, repeatability coefficent of variation in percent within a laboratory.

CV %y = repeatability coefficient of variation in percent between laboratories.

12.1.1 The values shown are the averages from tests on four
frequently tested metals at two test temperatures, selected to
include most of the normal range for each property listed
above. When these materials are compared, a large difference
in coefficient of variation is found. Therefore, the values above
should not be used to judge whether the difference between
duplicate tests of a specific material is larger than expected.
The values are provided to allow potential users of this test
method to assess, in general terms, its usefulness for a
proposed application.

12.2 Bias—The procedures in Test Methods E 21 for mea-

° Supporting data are available from ASTM Headquarters. Request RR:E28SUrNG tensile properties have no bias because these properties

1015.

10 For further information, see Practice E 177 and Practice E 691.

can only be defined in terms of a test method.
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