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This standard is issued under the fixed designation E 139; 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 epsilone] 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 2. Referenced Documents

1.1 These test methods cover the determination of the 2.1 ASTM Standards:
amount of deformation as a function of time (creep test) and E 4 Practices for Force Verification of Testing Machihes
the measurement of the time for fracture to occur when E 6 Terminology Relating to Methods of Mechanical Test-
sufficient force is present (rupture test) for materials when  ing?
under constant tensile forces at constant temperature. It alsoE 8 Test Methods for Tension Testing of Metallic Materfals
includes the essential requirements for testing equipment. For E 21 Test Methods for Elevated Temperature Tension Tests
information of assistance in determining the desirable number of Metallic Materialg
and duration of tests, reference should be made to Section 9. E 29 Practice for Using Significant Digits in Test Data to

1.2 These test methods list the information which should be Determine Conformance with Specificatiéns
included in reports of tests. The intention is to ensure that all E 74 Practice for Calibration of Force-Measuring Instru-
useful and readily available information is transmitted to  ments for Verifying the Force Indication of Testing Ma-
interested parties. Reports receive special attention for the chineg
following reasons: 1) results from different, recognized pro- E 83 Practice for Verification and Classification of Exten-
cedures vary significantly; therefore, identification of methods  someter$
used is important; 2) later studies to establish important E 177 Practice for Use of the Terms Precision and Bias in
variables are often hampered by the lack of detailed informa- ASTM Test Method$
tion in published reports; 8) the nature of prolonged tests E 220 Method for Calibration of Thermocouples by Com-
often makes retest impractical, and at the same time makes it parison Techniqués
difficult to remain within the recommended variations of some E 292 Practice for Conducting Time-for-Rupture Notch
controlled variables. A detailed report permits transmittal of  Tension Tests of Materials
test results without implying a degree of control which was not E 633 Guide for Use of Thermocouples in Creep and Stress

achieved. Rupture Testing to 1800°F (1000°C) in Air
1.3 Tests on notched specimens are not included. These testsE 1012 Practice for Verification of Specimen Alignment
are addressed in Practice E 292. Under Tensile Loadirgy

1.4 Tests under conditions of short times are not included. 2.2 Military Standard:
These test methods are addressed in Test Methods E 21. MIL-STD-120 Gage Inspection
1.5 The values stated in inch-pound units are to be regarded 2.3 ASTM Adjuncts®
as the standard. Standard unmachined specimens for calibrating creep testing
1.6 This standard does not purport to address all of the machines (4 by%is in. square bar)
safety concerns, if any, associated with its use. It is the .
responsibility of the user of this standard to establish appro-3- Terminology
priate safety and health practices and determine the applica- 3.1 Definitions—he definitions of terms relating to creep
bility of regulatory limitations prior to use. testing, which appear in Section E of Terminology E 6 shall
apply to the terms used in this practice. For the purpose of this

1 This practice is under the jurisdiction of the ASTM Committee E-28 on
Mechanical Testing and is the direct responsibility of Subcommittee E28.10 on
Effect of Elevated Temperature on Properties.
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practice only, some of the more general terms are used with thaility which best defines the service usefulness of the mate-
restricted meanings given below. rial.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 axial strain—the average of the strain measured on®: APparatus
opposite sides and equally distant from the specimen axis. 5.1 Testing Machine

3.2.2 bending strair— the difference between the strain at 5.1.1 The accuracy of the testing machine shall be within
the surface of the specimen and the axial strain. In general the permissible variation specified in Practices E 4.
varies from point to point around and along the reduced section 5.1.2 Exercise precaution to ensure that the force on the
of the specimen. specimens is applied as axially as possible. Perfect axial

3.2.2.1 maximum bending strairmeasured at a position alignment is difficult to obtain, especially when the pull rods
along the length of the reduced section of a straight unnotche@nd extensometer rods pass through packing at the ends of the
specimen. furnace. However, the machine and grips should be capable of

3.2.3 creep—the time-dependent strain that occurs after thdoading a precisely made specimen so that the maximum
application of a load which is thereafter maintained constantbending strain does not exceed 10 % of the axial strain, when

3.2.4 creep-rupture test-a test in which progressive speci- the calculations are based on strain readings taken at zero force
men deformation and the time for rupture are measured. |1@nd at the lowest force for which the machine is being
general, deformation is much larger than that developed duringualified.

a creep test. Note 1—This requirement is intended to limit the maximum contribu-

3.2.5 creep test-a test that has the objective of measuringtion of the testing apparatus to the bending which occurs during a test. It
creep and creep rates occurring at stresses usually well belogrecognized that even with qualified apparatus, different tests may have
those which would result in fracture during the time of testing.quite different percent bending strains due to chance orientation of a
Since the maximum deformation is only a few percent, 6{oosely fitted specimen, lack qf symmetry of that partlpular specimen,
sensitive extensometer is required. ateral force from furnace packing, and thermocouple wire, etc.

3.2.6 gage length-the original distance between gage ©5.1.2.1 In testing of brittle material, even a bending strain of
marks made on the specimen for determining elongation aftek0 % may result in lower strength than would be obtained with
fracture. improved axiality. In these cases, measurements of bending

3.2.7 length of the reduced sectierthe distance between Strain on the specimen to be tested may be specifically
tangent points of the fillets which bound the reduced sectionfe€duested and the permissible magnitude limited to a smaller

3.2.7.1 The adjusted length of the reduced section is greaté@lue. . B
than the length of the reduced section by an amount calculated 5-1.2.2 The testing apparatus may be qualified by measure-
to compensate for strain in the fillet region (see 9.2.3). ments of axiality made at room temperature. When one is

3.2.8 plastic strain during loading-the portion of the strain Making an evaluation of equipment, the specimen form should
during loading determined as the offset from the linear portiorP€ the same as that used during the elevated-temperature tests.
to the end of a stress-strain curve made during load applicatio.N® SPecimen concentricity should be as near perfect as

The offset construction is shown in Test Methods E 8. reasonably possible. Only elastic strains should occur through-
3.2.9 reduced section, of the specimethe central portion out the reduced section. This requirement may necessitate use

of the length having a cross section smaller than the ends whichf @ material different from that used during the elevated-

are gripped. The cross section is uniform within tolerancedemperature test. ,
prescribed in 7.6. 5.1.2.3 Test Method E 1012, or an equivalent test method

3.2.10 strain during loading—the change in strain during (1’2)'.7 shall *?e used for the measurement and palculat_ion of
the time interval from the start of loading to the instant of bending stral_n f_or round, rectangular, and thin strip specimens.
full-load application 5.1.2.4 Axiality measurements should be made at room

3.2.11 stress-rupture testa test in which time for rupture is temperature on the assembled machine, pull rods, and grips

measured, no deformation measurements being made duri# _fo.re use for testing. anpmg devices and pull rods may
the test. oxidize, warp, and creep with repeated use at elevated tem-

3.2.12 total plastic strain, at a specified time equal to the pgratures. Increased bending Stfes.ses may result. Thgre'fore,
surr.1 (')f plastic strain duriné loading plus creep grips and pull rods should be periodically retested for axiality

. 2 and reworked when necessary.
3'2'13. totallstraln, gtaspeuﬂed timeequal to the sum of 5.1.3 The testing machine should incorporate means of
the strain during loading plus creep.

taking up the extension of the specimen so that the load will be
4. Significance and Use maintained vy|th|n the limits specified in 5.1.1. .The extension
) . of the specimen should not allow the loading system to

4.1 Rupture tests, properly interpreted, provide a measure ghtroduce eccentricity of loading in excess of the limits
the ultimate load-carrying ability of a material as a function Ofspecified in 5.1.2. The take-up mechanism should avoid
time. Creep tests measure the load-carrying ability for limitedntroducing shock loads, overloading due to friction or inertia

deformations. The two tests supplement each other in defining the loading system, or apply torque to the specimen.
the load-carrying ability of a material. In selecting material and

designing parts for service at elevated temperatures, thetypeof —
test data used will depend on the criterion of load-carrying 7 The boldface numbers refer to the References at the end of this standard.
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5.1.4 The testing machine should be erected to securdue to contamination, etc., and should be annealed periodically
reasonable freedom from vibration and shock due to externand checked for calibration. Care should be exercised to keep
causes. Precautions should be made to minimize the transmite thermocouples clean prior to exposure and during use at
sion of shock to neighboring test machines and specimenslevated temperatures.
when a specimen fractures. 5.3.3.2 Measurement of the drift in calibration of thermo-

5.1.5 For high-temperature testing of materials which areouples during use is difficult. When drift is a problem during
readily attacked by their environment (such as oxidation ofests, a method should be devised to check the readings of the
metal in air), the specimen may be enclosed in a capsule so thifermocouples on the specimens during the test. For reliable
it can be tested in a vacuum or inert-gas atmosphere. Whegalibration of thermocouples after use, the temperature gradi-
such equipment is used, the necessary corrections to obtain trgat of the testing furnace must be reproduced during the
specimen loads must be made. For instance, compensatioacalibration.
must be made for differences in pressures inside and outside of5.3.4 Temperature-measuring, controlling and recording in-

the capsule and for any load variation due to sealing-ringstruments should be calibrated periodically against a secondary
friction, bellows or other features. standard, such as a precision potentiometer. Lead-wire error

5.2 Heating Apparatus should be checked with the lead wires in place as they normally
5.2.1 The apparatus for and method of heating the specire used.

mens should provide the temperature control necessary t0 54 Extensometer System
satisfy the requirements specified in 9.4.4 without manual 541 The sensitivity and accuracy of the strain-measuring
adjustments more frequent than once in each 24-h period aft@ly,ipment should be suitable to define the creep characteristics

load application. with the precision required for the application of the data. The

5.2.2 Heating shall be by an electric resistance or radiatioRensitivity and accuracy of the extensometer should be made
furnace with the specimen in air at atmospheric pressure unleggyt of the report of test results.

other media are specifically agreed upon in advance. 5.4.2 Nonaxiality of loading is usually sufficient to cause

Note 2—The media in which the specimens are tested may have &ignificant errors at small strains when strain is measured on
considerable effect on the results of tests. This is particularly true when thenly one side of the specimén). Therefore, the extensometer
properties are influenced by oxidation or corrosion during the testshould be attached to and indicate strain on opposite sides of
although other effects can also influence test results. the specimen. The reported strain should be the average of the

5.3 Temperature-Measuring Apparaty8) : strains on the two sides, either a mechanical or electrical

5.3.1 The method of temperature measurement must bgverage internal to the instrument or a numerical average of
sufficiently sensitive and reliable to ensure that the temperaturgvo separate readings.

of the specimen is within the limits specified in 9.4.4. 5.4.3 Whenever possible the extensometer should be at-
- 5.3.2 Temperature should be measured with thermocouplagched to the specimen, not to any load carrying parts joined to
in conjunction with potentiometers or millivoltmeters. the specimen, because the intervening joints and parts intro-

Note 3—Such measurements are subject to two types of error. TherdUC€ Significant extensions which are not accurately separable
mocouple calibration and instrument measuring errors initially introduceffom the extension in the specimen alone.
uncertainty as to the exact temperature. Secondly both thermocouples and5.4.4 To avoid the inaccuracy introduced by strain in the
measuring instruments may be subject to variation with time. Commorfijlets and shoulders, the extensometer should be attached to
errors encountered in the use of thermocouples to measure temperatuig redyced portion of the specimen, whenever this is feasible.
include: calibration error, drift in calibration due to contamination or o .
deterioration with use, lead-wire error, error arising from method of 5.4.4.1 However, it is Sfomet'mes necessary to attach the
attachment to the specimen, direct radiation of heat to the bead, hesgxtensometer to the specimen shoulders. For example, when
conduction along thermocouple wires, etc. materials with low ductility are tested, failure tends to occur at

5.3.3 Temperature measurements should be made with cale e_xtensometer attachments unless these are located on the
brated thermocouples. Representative thermocouples should Beecimen shoulders. - _
calibrated from each lot of wires used for making base-metal °-4-4.2 When making a creep-rupture test of a ductile
thermocouples. Except for relatively low temperatures 0fmate_nal an extensometer attached to the rt_aduced section of a
exposure, base-metal thermocouples are subject to error up§Recimen tends to loosen as the cross-sectional area decreases
reuse unless the depth of immersion and temperature gradierfl§fing the test. In this case the extensometer may be attached
of the initial exposure are reproduced. Consequently basd0 the specimen shoulders or to small ribs machined at the ends
metal thermocouples should be calibrated by the use off the reduced section of the specimen for that purfi6e
representative thermocouples and actual thermocouples used td-4.5 When it is necessary to use miniature specimens, the
measure specimen temperatures should not be calibrategktensometer may be attached to the specimen holders. The
Base-metal thermocouples also should not be re-used witho@pserved values of extension should be adjusted as described in
clipping back to remove wire exposed to the hot zone an®.6.3 and 10.2.4. Even with this adjustment the strain values
rewelding. Any reuse of base-metal thermocouples after relaare of inferior accuracy and the reported values should be
tively low-temperature use without this precaution should bdabeled “approximate.” The method of measurement should be
accompanied by recalibration data demonstrating that calibrglescribed in the report.
tion was not unduly affected by the conditions of exposure. 5.5 Room Temperature Control

5.3.3.1 Noble-metal thermocouples are also subject to errors 5.5.1 The temperature in the room should be sufficiently
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constant so the specimen temperature variations do not exceeatrosion oxidation occurs, the results may be a function of specimen size.
the limits stated in 9.4.4. Likewise, surface preparation of specimens, if affecting results, becomes
5.5.2 Extensometer readings should be taken only when tH80'€ important as the specimen size is reduced.
room temperature is withirt 5°F (3°C) of the room tempera- 7.4 Specimens of circular cross section should have
ture at the time of loading, unless a correction is applied to théhreaded, shouldered, or other suitable ends for gripping which
extensometer reading. The extensometer correction equation il meet the requirements of 5.1.2.
chart should have s_peumen temper{;\ture as well f"ls “?O_m Note 5—Satisfactory axial alignment may be obtained with precisely
temperature as a variable. The correction may be omitted if ifhachined threaded ends. But at temperatures where oxidation and creep
has been established that the extensometer reading is nak readily apparent, precisely fitted threads are difficult to maintain and to
changed by variations in room temperature. In evaluating theeparate after test. Practical considerations require the use of relatively
effect of such variations, the electronic instrumentation shouldpose-fitting threads. Other gripping methods have been successfully used
also be calibrated at various ambient temperatures. (2. 6)
5.6 Timing Apparatus—-For rupture testing machines, pro- 7.5 For rectangular specimens some modifications of the
vide suitable means for measuring the elapsed time betwegtiandard specimens described in Test Methods E 8 are usually
complete application of the load and the time at which fracturéiecessary to permit application of the load to the specimen in

of the specimen occurs, to within 1 % of the elapsed time. the furnace with the axiality specified in 5.1.2. If the material
available is sufficient, the use of elongated shoulder ends to

6. Sampling permit gripping outside the furnace is the easiest method.
6.1 Unless otherwise specified the following sampling pro-When the length of the specimen is necessarily restricted,
cedures shall be followed: several methods of gripping may be used as follows:

6.1.1 Samples of the material to provide test specimens 7.5.1 Adevice that applies the load through a cylindrical pin
shall be taken from such locations as to be representative of tHé each of the enlarged ends of the specimen. The pin holes

lot from which it was taken. should be accurately centered on extensions of the centerline of
6.1.2 Samples shall be taken from material in the finathe gage section. The good axiality of loading of a grip of this
condition (temper). One test shall be made on each lot. type has been demonstratés).
6.1.3 A lot shall consist of all material from the same heat, 7.5.2 High-temperature sheet grips similar to those illus-
nominal size, and condition (temper). trated in Test Methods E 8 and described as self-adjusting grips
. have proved satisfactory for testing sheet materials that cannot
7. Test Specimen and Sample be tested satisfactorily in the usual type of wedge grips.

7.1 The size and shape of test specimens should be based?.5.3 Extension tabs may be welded or brazed to the
primarily on the requirements necessary to obtain representapecimen shoulders and extended to grips outside the furnace.
tive samples of the material being investigated. When these are used, care must be exercised to maintain

7.2 Unless otherwise specified, test specimens shall beoaxiality of the centerlines of the extensions and the gage
oriented such that the axis of the specimen is parallel to théength. Any brazing or welding should be done in a jig or

direction of fabrication, and located as follows: fixture to maintain accurate alignment of the parts. Any
7.2.1 At the center for productsyd” (38 mm) or less in machining should be done after brazing or welding.
thickness, diameter, or distance between flats, or 7.5.4 Grips that conform to and apply load against the fillets

7.2.2 Midway from the center to the surface for productsat the ends of the reduced section.
over 12" (38 mm) in thickness, diameter, or distance between 7.6 The diameter (or width) at the ends of the reduced
flats. section of the specimen should not be less than the diameter (or

7.3 Test specimens of the type, size, and shape describedWidth) at the center of the reduced section. It may be desirable
Test Methods E 8 are generally suitable for tests at elevatei$ have the diameter (or width) of the reduced section of the
temperature with the following modifications: X) tighter  specimen slightly smaller at the center than at the ends. The
dimensional tolerances are recommended in 2)6fdr creep  diameter (or width) at the ends of the reduced section shall not
tests, larger ratios of length to diameter (or width) of reducede greater than 100.5 % of the diameter (or width) at the center
section may be desirable to increase the accuracy of straiof the reduced section. When specimens of this form are used
measurement; and3) for coarse-threaded specimens, madeto test brittle materials, failure may regularly occur at the
from material with little ductility, the size of thread should be fillets. In these cases, the center of the reduced section may be
at least7s the diameter of the reduced section. According tomade smaller by a gradual taper from the ends and the
7.1, rectangular specimens will be used for sheet and strigxception to the requirements above noted in the report.
Otherwise, the specimen should have a reduced section &pecimen surfaces shall be smooth and free from undercuts
circular cross section. The largest diameter or greatest widtand scratches. Special care should be exercised to minimize
specimen consistent with 7.1 should be used except that thegésturbance of surface layers by cold work which produces
dimensions need not be greater than 0.5 in. (12.5 mm). high residual stresses plastic deformation, or other undesired

. N . effects. The axis of the reduced section should be straight

Note 4—Specimen size in itself has little effect on creep and rupture ... . = o . .
properties provided the material is sound and is not subject to appreciatjl)é{'thm +0.5 .A) Of. the d_lame_ter. _Th_reads of the specimen should
surface corrosion or orientation effects. A small number of grains in the?® concentric with this axis within the same tolerance. Other

specimen cross section, or preferred orientation of grains due to fabricdaneans of gripping should have comparable tolerances.
tion conditions, can have a pronounced effect on the test results. When 7.7 For cast-to-size specimens it may not be possible to
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adhere to the diameter, straightness, and concentricity limitaound specimens and four times the width in the case of
tions of 7.6, but every effort should be made to approach thesectangular specimens, the gage length being punched or
as closely as possible. If the specimen does not meet theeribed on the reduced section of the specimen.

requirements specified in 7.6, the test report should so state.

i iati N 6—Elongation values of specimens with rectangular cross sec-
The magnitude of the deviations should be reported. ore 9 p 9

tions cannot be compared unless all dimensions including the thickness
. . L are equal. Therefore, an elongation specification should include the
8. Calibration and Standardization specimen cross-sectional dimensions as well as the gage length. Using a
8.1 The following devices should be calibrated againstgage length equal to 4.5 times the square root of the cross-sectional area
standards traced to the National Institute of Standards angPmpensates somewhat for variations in specimen thickness but even this

Technology. Applicable ASTM standards are listed beside thdoes not result in the same value of elongation when specimens of the
’ same material are machined to different thicknesses and t@ted

device® _ _
Load-measuring system Practices E 4 and E 74 9.2.2 When the length-to-diameter ratio of the reduced
Extensometer Practice E 83 section is greater than standard, the gage length should be
Thermocouples” Method E 220 approximately one diameter less than the length of the reduced
Potentiometers Method E 220 and STP 470A® ti
Micrometers MIL-STD-120 section.
A Method E 220 melting point methods are also recommended for thermocouple Note 7—Recognition must b’j':‘ ine”_ to the Wi_de use of total elongatioh
calibration. of fractured rupture specimens in judging materials. Percentage elongation
8.1.1 Axiality of the loading apparatus should be measureds very dependent on the gage length over which it is measured. Adherence
as described in 5.1.2. to the customary gage length of four times the specimen diameter is,

8.2 Calibrations and verifications shall be as frequent as i@erefore, very desirable. Recognition must be given, however, to the
’ roved use of longer gage length to specimen diameter ratios in rupture

nece_ssgry tq en_sure that t_he_ err0r§ for e_ach test are less than &pkging and the possible objection to gage marks to define the uniform gage
permissible indicated variations listed in these test methodgength for elongation measurement. Therefore, reporting of elongation for
The maximum period between calibrations and verificationsonger gage lengths should be acceptable, provided the gage length is

shall be: clearly indicated. For most ductile metals a standard four-diameter gage
Load-measuring system 1 year Ieng_th center_ed ona fracture occurring in a longer than standarq reduced
Extensometers 1 year® section will give a higher elongation than the standard test. For this reason
Thermocouples each lot run the use of several, congruent, standard gage lengths to cover a long
Precision Potentiometers (dry cell type) 1 month reduced section is not recommended.
Micrometers and calipers 6 months ) L. .
Recording systems 6 months 9.2.3 When testing metals of limited ductility gage marks
Temperature measuring equipment/system 3 months punched or scribed on the reduced section may be undesirable
Weights every five years (see 8.4)

because fracture may occur at the stress concentrations so
caused. Then, place gage marks on the shoulders or measure
A Extensometers shall be verified for freedom of movement prior to each test. the over-all length of the specimen. Also measure the adjusted
Exceptions to this list shall be instruments in use when the test exceeds Iength of the reduced section to the nearest 0.01 in (0 2 mm)
calibration period. . . ’ AT
as described in 9.2.3. If a gage length, other than that specified

8.3 For verification of creep-rupture testing machines, uns

machined blanks of material with predetermined rupture propil 9-2-1 is émployed to measure elongation, describe the gage

erties are available from ASTM Headquarters at a nominal€"9th in the report. In the case of acceptance tests, any

cost® deviation from 9.2.1 must be agreed upon before testing.

8.4 The metal weights used to apply the test force shall be 9-2-4 When the extensometer is to be attached to the
certified every five years (if not painted/plated, or calibrated>PeCimen shoulders, measure the adjusted length of the re-
prior to each test) to be within a limit of error of 0.5 %. dgced section betvyeen points on the two flllets.where the
Painted/plated weights shall be verified when paint/platinq"j""“mater (or width) is 1.05 times the diameter (or width) of the
shows wear or damage. educed section. This dimension is used as the divisor for

converting the observed extension to strain in the reduced
9. Procedure section (see 10.2.3 and 10.3.1).

9.1 Measurement of Cross-Sectional AreBetermine the _ 9-3 Cleaning SpecimeaWash carefully the reduced sec-
minimum cross-sectional area of the reduced section of thion and those parts of the specimen which contact the grips in
specimen as specified in Measurement of Dimensions of Te&l€an alcohol, acetone, or other suitable solvent that will not
Specimens in Test Methods E 8. In addition, measure thaffect the metal being tested.
largest diameter (or width) in the reduced section and compare 9-4 Temperature Control _ .
with the minimum value to determine whether the require- 9-4-1 Form the thermocouple bead in accordance with
ments of 7.6 are satisfied. Guide E 633. . —

9.2 Measurement of Original Length 9.4.2 In attachmg thermocouples to a specimen, thejuncuon

9.2.1 Unless otherwise specified, base all values for elonml_JSt be kept in intimate contact with the specimen and

gation on a gage length equal to four diameters in the case Gf1i€/ded from radiation. Shielding may be omitted if, for a
particular furnace and test temperature, the difference in

indicated temperature from an unshielded bead and a bead
s Manual on the Use of Thermocouples in Temperature Measuresemv  Inserted in a hole in the specimen has been shown to be less
STP 470A, ASTM, 1971. than one half the variation listed in 9.4.4. The bead should be

Dial Indicators (used to measure creep) 1 month
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as small as possible and there should be no shorting of thé@me, both characteristics being very sensitive to test tempera-
circuit (such as could occur from twisting the thermocoupleture. Low temperatures usually do not damage the material as
wires behind the bead or from a bare attachment wire touchingan over temperature, which may considerably accelerate
both bare thermocouple wires). Ceramic insulators should bereep. Consequently under temperature should be cause for
used on the thermocouples in the hot zone. The remainingetesting only when the time at under temperature significantly
portions of the wires shall be thermally shielded and electri-alters the test result.
.Ca”y m.SUIated by a ‘.Q’UItable c.overlng. If some Ot.her electrical Note 9—Cooling and reheating of the specimen under stress can have
insulation material is Use‘?' in the hot zone, '_t Showd _bea significant effect on subsequent creep properties and rupture times.
carefully checked to determine whether the electrical insulatingtemperature drops of about 100°F or cooling timé4 & or greater can
properties are maintained with higher temperatures. reduce rupture times by one-half. Creep properties may be similarly
9.4.3 When the length of the reduced section is less than &fected. If the stress (force) is removed before the above time or
in. (50 mm) attach at least two thermocouples to the Specimeﬁe,mperature decrease is exceeded, the test can be restarted after the cause

one near each end of the reduced section. For reduced sectidfgdisturbance has been corrected. It has not been determined if a creep
2 t dd a third th | ar the center test can be restarted. The report shall indicate that the test was interrupted
in. or greater, add a thir ermocouple ne " by cooling, length of interruption or decrease, or both in temperature prior

9.4.4 Before the load is applied and for the duration of th&g removal of stress, and from what temperature the test was restarted.
test do not permit the difference between the indicated tem- g g Connecting Specimen to the Machindake care not to

perature and the nominal test temperature to exceed thfyoquce nonaxial forces while installing the specimen. For
following limits: example, threaded connections should not be turned to the end
/Lig Jseafgogf;ugliggoggo"F (1000°C) fgi 258 of the threads or bottomed. If threads are loosely fitted, lightly
- load the specimen string and manually move it in the transverse

9.4.5 The term “indicated temperature” means the temperadirection and leave in the center of its range of motion. If
ture that is indicated by the temperature measuring devicpacking is used to seal the furnace, it must not be so tight that
using good quality pyrometric practice. the extensometer arms or pull rods are displaced or their

Note 8—Ilt is recognized that true temperature may vary more than tthovemem, restricted. .
indicated temperature. The permissible indicated temperature variations in 9-6 Strain Measurement During Test
9.4.4 are not to be construed as minimizing the importance of good 9.6.1 By definition, a creep or a creep-rupture test requires
pyrometric practice and precise temperature control. All laboratoriesmeasurements of strain at and following the instant of appli-
should keep both indicated and true temperature variations as small aation of full force. The strain change from zero force to the

practicable. However, should temperatures vary outside the given limit§stant of full force application shall also be recorded (see
time and temperature of the variation shall be recorded and goo 1)

engineering judgement taken to assure the variations did not affect testing’

of the material and that the results of the test are valid. It is well Note 10—Incremental strain readings during loading are also of value
recognized, in view of the extreme dependency of strength of materials ofor the following two reasons:1j the elastic portion of the stressstrain
temperature, that close temperature control is necessary. The limiturve during loading may be used to evaluate the operation of the
prescribed represent ranges that are common practice. apparatus before the specimen is finally committed; al ih many

. . lications knowledge of total plastic strain rather than of creep alone is

9.4.6 Temper_ature overshoots dl_JrIng heatlng_ S.homd noﬁgqpuired, therefore tge Ioadingpcurve is necessary. On the otF;ler hand,
exceed the limits above. The heating characteristics oOf th§yaining the loading curve usually requires slower loading than would be
furnace and the temperature control system should be studig@ed if creep only was measured. This slower loading sometimes results
to determine the power input, temperature set point, proporin greater strain at the instant of full-load application than if the load had
tioning control adjustment, and control-thermocouple placebeen applied without the delays caused by incremental loading.
ment necessary to limit transient temperature overshoots. It 9.6.2 Make strain measurements at sufficiently frequent
may be desirable to stabilize the furnace at a temperature fromtervals during a test to adequately define the time-strain
10 to 50°F below the nominal test temperature before makingcreep) curve. This usually requires more frequent readings
the final adjustments. Report any temperature overshoot withuring the usual rapid first-stage creep than during second-
details of magnitude and duration. stage creep. The interval for strain readings should not be more

9.4.7 The time of holding at temperature prior to the start othan 24 h or 1% of the estimated duration of the test,
the test should be governed by the time necessary to ensure theliichever is longer. Omission of readings over weekends or
the specimen has reached equilibrium and that the temperatunelidays are allowed when the absence of daily readings does
can be maintained within the limits specified in 9.4.4. Unlessot influence the test results.
otherwise specified, this time should not be less than 1 h. 9.6.3 When the stock size makes it necessary to use a
Record the time to attain test temperature and the time apecimen with the reduced section less than 0.25 (6.25 mm) in
temperature before loading. diameter, the extensometer may be attached to the specimen

9.4.8 Any disturbance causing the temperature of the specholders. Then, in order to adjust for the extension which occurs
men to rise above the limits specified in 9.4.4 should be causeutside the reduced section, it is necessary to test two speci-
for rejection of the test and require retesting. Disturbancesnens for each creep curve. One specimen should have the
causing the temperature of the specimen to fall below the limitstandard proportions, the other specimen should be made
specified in 9.4.4 may be cause for rejection of the test andhorter by omitting either the reduced section or the reduced
require retesting. Allowing the temperature to fall below thesection and the fillets. The grip ends and shoulders of both
nominal temperature reduces creep rate and prolongs ruptuspecimens should be similar. Both should be tested with an
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extensometer attached to the specimen holders (see 10.2.4)fore loading the specimen. The extensions to be used for the
9.6.4 For strain measurement during unloading see 9.7.3.various strain measurements are given in their definitions in
9.7 Loading and Unloading Procedure Section 3. The extensometer gage length to be used depends on
9.7.1 Asmall fraction of the test force (not more than 10 %)the location of attachment points of the extensometer.
may be applied before and during heating of the specimen. This 10.2.2 If the extensometer is attached to the reduced section
usually improves the axiality of loading by reducing the of the specimen, the extensometer gage length is the distance
displacement of the specimen and load rods due to laterddetween attachment points.
forces from furnace packing and thermocouple wires (see 9.5). 10.2.3 When the extensometer is attached to the specimen
The equivalent extensometer reading at zero force may bshoulders, as is common practice in the case of creep-rupture
obtained by extrapolating the linear portion of the force-testing, the measurements recorded include strain at the fillets
extension curve. and shoulder to the point of attachment of the extensometer. It
9.7.2 Apply the load in a manner that shock loads oris desirable to apply a correction for this additional strain.
overloading due to inertia is avoided. The load may be applie§vhen a series of creep tests are made at the same temperature,
in increments with strain readings between increments t@ correction method similar to that described by Thomas and
provide stress-strain data for the application of the load. Makearlson(7) may be applied. Otherwise, the measured exten-
the time for applying the load as short as possible within thesgions may be divided by the adjusted length of the reduced
limitations. portion (see 9.2.4). The method used to calculate strain must be
9.7.3 Where total extensions are limited to the same order aflearly stated in the report and be the subject of prior
magnitude as elastic extensions, it is important to have thegreement in the case of acceptance testing. Sufficient speci-
elastic portion of the total extension accurately known. In creepnen and extensometer dimensions should be reported to enable
tests, this can best be determined by measurement of thRe reader to calculate corrections for fillet strain.
instantaneous contraction upon removal of the load at the end

of the test. . . . : ) .
74 If .. df h diti pplying a single, universal factor, as this factor will vary with the stress
9.7. atestis interrupted for any reason, the conditions o ependence of the creep rate for any material and test temperature. Fillet

the resumption of the test shall be recorded in the test reporgorrections were calculated by a method similar to that of Thomas and
Exercise care to prevent overloading the test piece due tQarlson(7) for a variety of metals which had been tested at various
contraction of the load assembly. stresses and temperature. For most of these tests, the use of the adjusted
9.8 Measurements of Specimen After Test length of the reduced portion (described above) gave an error of 3 % or
9.8.1 For measuring elongation, fit the ends of the fracturedfSs: In the primary stage of creep, the errors tended to be larger, being 8 %
specimen together carefully and measure the distance betwem the extreme case. These values are based on a ratio of length to diameter
. P the reduced portion of 5. A ratio of 10 would halve the percentage
gage marks or the over-all length to the nearest 0.01 in. (0.g;q,.
mm) at room temperature. If any part of the fracture surface ) o )
extends beyond the middle half of the reduced section of the 10-2.4 If, in the case of miniature specimens, the extensom-
specimen, the elongation value obtained may not be represeﬁt-er is attache(_j to the specimen holders, the extension for the
tative of the material. In the case of an acceptance test, if théfandard specimen should be reduced by the extension of a
elongation meets the minimum requirements specified, ngPecimen without a reduced section, the load and time since
further testing is required; but if the elongation is less than thdo@ding being the same for both specimens. The difference in

specified minimum, the test shall be discarded and a rete&Xtension is then converted to strain in the reduced section by
made. ' dividing by the length of the reduced section (if the shortened

9.8.2 For measuring reduction of area of specimens ofbecimen includ_ed the fillets) or by the r_nethod of 10.2.3 (if the
circular cross section, fit the ends of the fractured specimefinortened specimen did not include fillets). The test on the
together carefully and measure the maximum and minimun$hortened specimen may be omitted and the average value of
final diameters and record the average final diameter to thB'€Vious tests used if at least three tests on shortened speci-
nearest 0.001 in. (0.02 mm) at room temperature. If the fractur1€ns have been made on materials of the same specification, at
occurs at a fillet or gage mark the reduction of area may not pihe same stress and temperature. Whenever the extensometer is
representative of the material. In the case of an acceptance te8pt attached to the specimen label the result “approximate” and
if the reduction of area meets the specified minimum, ndve the method of measurement in a footnote.
further testing is required, but if the reduction of area is less 10.3 Elongation
than the specified minimum the test shall be discarded and a 10.3.1 When the gage length is marked on the reduced

Note 11—It is not possible to correct accurately for fillet strain by

retest made. section of a specimen having a nominally uniform cross-
. sectional area, the elongation is equal to the gage length after
10. Calculation fracture minus the original gage length, the difference ex-

10.1 Stress—Reported stress value is equal to the value oforessed as a percentage of the original gage length. If the gage
constant axial force applied to the specimen divided by thdength includes fillets, shoulders, threads, etc., the change in
minimum cross-sectional area measured at room temperatug@ge length is expressed as a percentage of the adjusted length
before the test. of the reduced section of the specimen.

10.2 Strain 10.3.2 A method that can sometimes be used when there is

10.2.1 Calculate strain by dividing the extension by thean autographic recording of strain up to the moment of
extensometer gage length measured at room temperature beacture, is to read the elongation as strain offset from the
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initial, linear, loading line. This can be useful in the case ofstress creep tests to define the smaller total-deformation curves.
materials of very low ductility. Since these values are usuallyThe curves of stresgersuslog time for small deformations
lower than those measured from the broken specimen, thesually include relatively long straight-line segments. How-
method of measurement should be stated with the results. ever, there is not an established basis for extrapolating such
10.4 Reduction of Area-Reduction of area is equal to the curves from 1000 h to prolonged time periods without addi-
minimum cross-sectional area of the reduced section beforonal data (8, 9). It is considered desirable to show the
testing minus the minimum cross-sectional area of the reducegercentage of elongation with the stress-rupture time data
section after testing, the difference expressed as a percentagepaints.
the area before testing. Reduction of area is reported only for 11.3 Creep tests are widely used to obtain a measure of the
specimens of circular cross section. load-carrying ability of a material for limited deformation in
10.5 Rounding Of~Unless otherwise specified, for pur- prolonged time periods. Tests are conducted under stresses
poses of determining compliance with specified limits, calcuwhich will give true minimum creep rates ranging between
lated values of elongation and reduction of area shall b®.0001 and 0.00001 %/h (0.1 and 0.01 %/1000 h). Three or
rounded off to the nearest 0.5 %, in accordance with thenore tests at a given temperature should be used to establish a
rounding method of Practice E 29. curve of log stressersuslog creep rate which specifically
10.6 Characteristics of the Creep Curve defines the creep strengths for creep rates of 0.0001 and
10.6.1 A plot of creep or total plastic strawersustime on  0.00001 %/h. Considerable care and judgment should be used
Cartesian coordinates is usually constructed. If the curve hastg be certain that true minimum creep rates are established.
region of _decr_easing slope followed by a region of increasing 11 31 The log stress-log minimum creep rate curves at
slope a line is usually drawn tangent to the curve at theeyeral temperatures usually form a family of nearly-parallel
minimum slope. Where the line coincides with the creep curvgraight lines. Consistent families of curves may allow some
is called the region of secondary creep. The following resu"%conomy in the number of tests required for each curve.

are obtained frgm the plot: Common practice is to assume that the stress for a creep rate of
106.1.1 Minimum creep rate, o 0.00001 %/h (0.01 %/1000 h) defines the stress for 1 % creep
10.6.1.2 Intercept of tangent line with strain axis at zeroy, 100 000 h. This assumes that all creep occurs at the

time, ) minimum rate, an assumption which should be checked by
10.6.1.3 Time to start of secondary creep, and estimating total creefiL0). Caution should be used to be sure
10.6.1.4 Time to finish of secondary creep. that some peculiarity in the creep characteristics does not result

10.6.2 In short-time, creep-rupture tests the values Ofy tgise indications of minimum creep rate by conducting tests
10.6.1.3 and 10.6.1.4 may not be significantly different. ot several thousand hours duration. Many users of such data

these cases a tabulation of creep rate at various times aRgdy| that the creep strength should be verified by tests of
calculations of 10.6.1.2 may give more accurate values than thgy 9o h or longer duration.

graphical method and may be substituted for it. 11.4 When plotted to logarithmic scales, data on stress

11. Guide for Determining Test Conditions and for versusrupture time for a given temperature usually yield a
Processing Test Data straight line or one of increasing negative slope. Sometimes the

11.1 The selection of conditions of temperature, stress, angurve is more nearly a straight line when s;ress on alinear scale
duration of test for specific applications is usually fixed rather'S Plottedversuslog rupture time. To establish the curve one or

rigidly. A large proportion of tests are, however, conducted to™WO test points are usually required for each base-10 log cycle

provide data defining the general creep and rupture propertieQf rupture time. Curves that are to be extrapolated should be
The following paragraphs in this section apply mainly to thePased on four or more evenly spaced points which cover a

latter case with the objective of providing uniform comparative!09-time range at least three times as great as the extrapolated
creep and rupture data and aiding in the selection of stresses &J9¢- Extrapolation should be limited to one base-10 log
that the test results will be close to desired rupture times ofY¢'®-
minimum creep rates. 11.5 Curves of stresgersusupture time at several tempera-
11.2 When the tests are carried out to establish load carryingres usually are nearly parallel and form a consistent family of
ability to approximately 1000 h, it is desirable to conductcurves. The occurrence of changes in slope for the curves for
sufficient tests at each test temperature to define curves dfe higher temperatures within the maximum time of testing is
initial stressversuslog time in hours for total deformations of usually indicative of similar slope changes at longer time
0.1, 0.2, 0.5, and 1.0 %; such larger deformations up to 5 % aReriods for the curves at lower temperatures. The absence of
may be of interest or the material can tolerate without rupturestch changes in slope of curves for the higher-temperature tests
and the stress-rupture time curve. Such plots of properties atends confidence to the extrapolation in time for the low-
commonly known as “design” curves. These curves shouldeémperature curves.
extend from the short time of a tension test to the longest time 11.6 When the creep and rupture properties are to be defined
period of interest, with a sufficient number of test points toas functions of temperature, it is recommended that tests be
ensure reliable curves. The values used to define these curvesnducted at a sufficient number of temperatures so that curves
are obtained from creep curves plotted to include the deformasf propertiesversustemperature can be constructed over the
tion during the application of the load. The creep curves fromuseful temperature range for the material. Usually this requires
the rupture tests should be supplemented with sufficient lowertests at a minimum of three temperatures.
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11.7 No generally accepted methods are available for exfor these changes a detailed report must be available.
trapolating creep and rupture data to temperatures and times12.2 Such values as minimum creep rate and time to rupture
beyond the tested range. Considerable use is being made @dn be several times as great for one specimen as for another,
parameter methods. As experience is gained in using thesen when the specifications for the two specimens are the
methods, their limitations will become established and reliabil.same. Therefore, the description of the material should be as
ity will improve. At their present state of development, complete as possible. The report should include as much of the
parameters are very useful when used with proper precautionfallowing information as can be obtained.

11.8 The method proposed by Larson and Mi(l&0) takes 12.3 Results from Stress Rupture Tedkeport the follow-
advantage of the correlation between stress and rupture tinieg:
usually obtained for tests over a range of temperatures by 12.3.1 Type of alloy.
plotting log initial stressversusthe parameteP = (T + 460) 12.3.2 Specimen descriptor that will provide traceability
(log t+20), whereT is the test temperature in degreesback to manufacture.

Fahrenheit, andis the rupture time in hours. In most alloys the  12.3.3 Product size.

data give a quite good correlation by this method. For those 12.3.4 Heat treatment.

materials which do correlate with the Larson-Miller parameter, 12.3.5 Test temperature, °F (°C).
it is possible to evaluate a relatively wide range of rupture 12.3.6 Stress, ksi (MPa).
properties with four or more short-time tests. Tests are con- 12 3.7 Specimen Dimensions

ducted at a higher temperature to give a parameter covering the12 3.7.1 For circular cross sections—gage diameter, or,
time range of interest at lower temperatures. In most cases this12.3.7.2 For rectangular cross sections—gage width and
procedure will indicate rupture strengths with reasonableyage thickness.

reliability. Caution should be used, however, in extrapolating 123 7.3 Length of gage sectionxddiameter (5x diam-

too far time wise due to the parameter correlation tending tqter) or,

vary with time. Secondly the constant 20 in the parameteris an 12 3.7.4 Length of adjusted gage length (if used), or,
average for many alloys and some error may be introduced by 17 3 7.5 Distance between markers on shoulders (if used).
the use of a fixed constant. 12.3.7.6 Length of reduced section.

11.9 A method proposed by Manson and Haf¢td) and 12.3.8 Test duration, to nearest 0.1 h for test durations of
Manson and Brown(12) relates the log of stress to the 100 or less and to nearest 1.0 h for test durations over 100 h.
parameterP = (T - T ,)/(log t—log t,) whereT is the test |t taq \yas discontinued then note this in the report.
temperature in degrees Fahrenhgiis the rupture time in 15 3 9 Maximum extension measured by one of the three

hours,_andl'a an_d logt , are constants e_qual to the FOordmatesfollowing methods and indication of which method is being
at the intersection of extension of straight lines faired througr}eported'

the rupture test data points plotted asiogrsus Tor different 12.3.9.1 Elongation (%) based on the gage length, or
constant stresses. The recommended rupture time range is from, , 5 o’ .

. 12.3.9.2 El tion (%) f houl t
30 to 300 h. To establish a master curve by the Mansorb 3.9 ongation (%) from shoulder measurements and
. . -~ based on the adjusted gage length, or,
parameter requires more test points than by the Larson-Miller

parameter. On the other hand the use of two experimentall 12.3.10_Reduction of area (%) for specimens Of. circular
determinea constants sometimes results in a more accur ross section. Note any contribution of surface corrosion to the

o . €duction of area.
prediction of long-time test results by the Manson parameter 12.3.11 The location and description of fracture.

than by the Larson-M|IIer parameter. . .. 12.4 The stress rupture behavior of materials can be char-
11.10 When the aim of a creep test is to reach a specified . . ; .
a&tenzed in the following manner

strain in a specified time, the required stress can be estimate S -
L . 12.4.1 Stress for rupture in times indicated: 1, 10, 100,
from short-time creep tests at higher temperatures by th (900, 10 000, 100 000 h.

B e o s e 1 ™ 1121 Resulsfom Crecp Rupture TesiReport all of e
11.11 1t is well recognized that creep rates, specific totarOIIOWIng for creep-rupture tests.

deformations, and rupture times from individual tests are 12.5.1 Type_of alloy. . . : o

sensitive to both material and test variables. Consequently ca e12'5'2 Spemmen descriptor that will provide traceability

should be exercised in evaluating materials on the basis dtack t© melting.

those properties. The use of such measures of properties should-2-2-3 Product size.

be accompanied by statistical data showing the reproducibility 12-2-4 Heat treatment. .
of test results. 12.5.5 Test temperature, °F (°C).

12.5.6 Stress, ksi (MPa).

12. Report and Laboratory Record 12.5.7 Specimen Dimensions:

12.1 For the reasons stated in 1.2, a complete written report 12.5.7.1 For circular cross sections—gage diameter, or,
of all tests is necessary. Long-time data are particularly 12.5.7.2 For rectangular cross sections—gage width and
expensive and difficult to obtain by testing when neededgage thickness.
Therefore, the results of previous tests are often studied by 12.5.7.3 Length of gage section x4diameter (5X diam-
different people over a period of many years during whicheter) or,
equipment and conventional procedure change. To compensatel2.5.7.4 Length of reduced section, or,
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12.5.7.5 Length of adjusted gage length (if used), or, 12.7.6 Stress for minimum creep rates of 0.01, 0.001,
12.5.7.6 Distance between markers on shoulders (if used)0.0001, and 0.00001 %/h.
12.5.8 Attachment of extensometer, on reduced section or Note 12—It is recognized that rarely will all of the information
on shoulders. requested in 12.3-12.13.5 be obtained. However, much of these data are
12.5.9 Loading data—The increase in strain with the in- readily available and should be included in the report. The data listed are
crease in stress during step loading. An estimate of the elastite type of data published in the variousSTM Special Technical
modulus can be calculated. Also any abnormal behavior of thBublicationswhich summarize the properties of alloys at high tempera-
test stand and extensometers can be readily observable. ~ tures.
12.5.10 Total strain on loading. 12.8 Additional Information in Laboratory RecordThe
12.5.11 Elastic contraction when the load was removed. following additional information should be retained and made
12.5.12 Test duration, to nearest 0.1 h for test durations odvailable on request:
100 h or less and to nearest 1.0 h for test durations over 100 h. 12.8.1 The specimen or a record of its disposition,
If test was discontinued then this shall be noted in report. 12.8.2 Chemical composition,
12.5.13 Elastic contraction when the load was removed. 12.8.3 Type of melting used to produce the alloy,
12.5.14 The average ambient temperature in the laboratory 12.8.4 Size of the heat,

during the duration of the test. 12.8.5 Deoxidation practices,
12.5.15 Average percent relative humldlty during test dura- 12.8.6 Form and Size_bar, Sheet, CastingS, etc.,
tion. 12.8.7 Fabrication history of material,

12.5.16 Temperature excursions greater than allowable lim- 12 g 8 Microstructure,
its. Report total number, maximum or minimum temperature 12 g 9 Grain size
recorded, and duration of each. 12.8.10 Hardness. and

12.6 The results .Of thg creep test can be preser]ted inseveral;5 g 11 Short-time tensile properties at room temperature
ways. The manner in which they are presented will depend 0§ 4t the creep- or rupture-test temperature if available and

the reason fqr running the creep test. ) should include: tensile strength, yield strength for 0.1 % and
12.6.1 Strain—A plot on Cartesian coordinates of total 4 5 o4 offset elongation and reduction in area.

strain versus time and a plot of creep versus time on logarith- 12.9 Information on Machine
mic coordinates are convenient methods of showing the
following items. If tabular presentation is required, the plots
may be omitted.

12.6.2 Time to nearest 0.1 h for strains occurring at 100 h 12.10 Extensometer Information
and less, to nearest 1.0 h for strains occurring at over 100 h for ~ . . .
those of the following total strains included in the tested range, 12-10-1 ldentifying number and latest calibration report, and
0.1, 0.2, 0.5, 1.0, 2.0, and 5.0 %. 12.10.2 Make and class of extensometer, distance between

12.6.3 If the test was continued into the tertiary creep stagénd location of attachment points (reduced seption, shoulders,
(1) minimum creep rate (%) per hour, (2) strain at intercept o r holders), extensometer gage length used (if not attached to

the tangent at minimum creep rate with the strain axis at zerGfduced section). _ _
time (Cartesian coordinates), (3) time at the start of secondary 12-11 Information on Temperature Measuring Equipment
creep, and (4) time at the end of secondary creep. 12.11.1 Make and model of temperature measuring instru-
12.6.4 Total plastic strain, and time to nearest 0.1 for tesf€nt,
durations of 100 h or less and to nearest 1.0 h for test durations 12-11.2 Make and model of temperature controller, and
over 100 h at the termination of the test. 12.11.3 Number of thermocouples. Thermocouple material,
12.6.5 Method of correcting for fillet strain if the extensom- Wiré size, attachment technique, shielding, and calibration
eter was not attached to the reduced section of the specimef£cord. o
12.7 Additional Reported Information for Stress Rupture/ 12.12 Information in the Test Lag
Creep Rupture/Creep TestReport deviations from the rec-  12.12.1 The frequency and amplitude of temperature cy-
ommended method or unusual circumstances not specified I§§ing before loading,

12.9.1 Make, model, and capacity of testing machine,
12.9.2 Identifying number, and
12.9.3 Weights and lever ratio used.

the method. Examples follow: 12.12.2 Date and time of day of each observation of
12.7.1 Media other than air at atmosphere pressure suextension and test temperature, and

rounding the specimen. 12.12.3 Type of surface (machined, as cast, as rolled).
12.7.2 Time at temperature before loading, and if possible, 12.13 Other Dimensions

the time to reach test temperature and soak time. 12.13.1 Fillet radius,
12.7.3 Rate of loading and unloading. 12.13.2 Diameter or width and thickness at shoulders,

12.7.4 Times at which load was removed during the test. 12.13.3 Type of grip (threaded, pinned, shouldered, and so
12.7.5 Values from Isothermal Curves When a series of forth) and whether machined or as cast, and
tests at the same temperature is reported, the following items 12.13.4 Overall length of specimen (if used (not recom-
which can be determined without extrapolating more than temended)).
times shall be reported. No extrapolation to shorter times 12.13.5 Elongation (%) from overall measurements based
should be made. on adjusted gage length (not recommended).

10
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13. Precision and Bias which measure was originally reported.

13.1 Precision—The precision of the measurement of time 3.2 In test method statistical terminology, bias is the
for rupture varies with the test conditions such as temperaturélifference between an average test value determined by the
material, and stress. It cannot be reduced to a single numbdpethod and the refer_ence or true test value, usually determined
This variation is shown by the values in the Table 1 for severaPy other, more precise methods of measurement. Reference
conditions that have been extensively tested. Time for rupture/alues, so determined, do not exist for creep and rupture tests
time for a specified strain, and reduction of area were found t§ince the values of the test properties are a function of the test
be normally distributed when the logarithm of the quantitiesmethod. Bias, therefore, cannot be determined.
were plotted. Thus, the expected relationship between two tests 13-3 The property variation of the materials tested have a
of the same batch is defined in terms of the ratios of the timegreater effect on the measured results than the inaccuracies in
On the other hand, elongation values were found to béhe test methodl3, 14)
normally distributed without conversion to logarithms. How- 14. Keywords
ever, the relatlc_)nsh|p (_)f two tests of the same batch were 1,4 1 creep; creep rate: creep-rupture; elongation; gage
converted to ratio form in order to be compared directly to theyjameter: gage length; loading; original cross sectional area:
other quantities. The standard deviations were given for thg|,qiic strain: reduction of area; relative humidity; strain;
logarithm of the quantity or the quantity itself depending ongyess; stress rupture; temperature; test time; thermocouples

TABLE 1 Variability of Measured Properties #

i Time to total strain
Reference Material Time forh Temp. F Ru_pture RA Elongation MCRE
Rupture, (K) Time 0.5% 1.0 % 2.0%
(15) 2s¢ 0.1 to 62 900 0.146 0.088 7.0 %P
Alum. (755) (2.6) .7) (2.6)
(13) 304E 100 1350 11 % 0.041 11.5% 0.073
S.S. (1005) 1.4) 1.3) (1.4) (1.6)
30456 114 1350 16 % 0.039 15.3%
S.S. (1005) (1.6) 1.3) (1.6)°
(16) Nimonic 48 to 1250 1652 0.055 129 % 23.4% 0.127 0.081 0.060
105+ (1173) 1.4) 1.4) (1.9) (2.3) @.7) (1.5)
(14) AK4-1' 40 to 240 347 0.207
(448) 3.7)

A Upper line is standard deviation, as percent of mean or as logarithm (when underlined). In parentheses on lower line is ratio of quantity measured during two random
tests from same batch. Practice E 177 states that this ratio will be exceeded for 5 % of all random pairs.

B Minimum creep rate.

€ Test in one laboratory, no special selection of material indicated.

P Average of three stress levels with lives over 17 h.

E Tests from same position in the ingot. Material carefully prepared. All tests in one laboratory.

F Tests in four laboratories. Material carefully prepared. Average of values from two ingots.

© Some of variability may be due to use of different ratios of gage length to diameter in the four laboratories.

H Carefully prepared material tested in 20 different laboratories.

Tested in a single laboratory. No special preparation of material indicated.

7 Scaled from probability plot.
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