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Standard Test Methods for
Conducting Creep, Creep-Rupture, and Stress-Rupture
Tests of Metallic Materials1

This standard is issued under the fixed designation E139; 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 U.S. Department of Defense.

1. Scope*

1.1 These test methods cover the determination of the
amount of deformation as a function of time (creep test) and
the measurement of the time for fracture to occur when
sufficient force is present (rupture test) for materials when
under constant tensile forces at constant temperature. It also
includes the essential requirements for testing equipment. For
information of assistance in determining the desirable number
and duration of tests, reference should be made to the product
specification.

1.2 These test methods list the information which should be
included in reports of tests. The intention is to ensure that all
useful and readily available information is transmitted to
interested parties. Reports receive special attention for the
following reasons: (1) results from different, recognized pro-
cedures vary significantly; therefore, identification of methods
used is important; (2) later studies to establish important
variables are often hampered by the lack of detailed informa-
tion in published reports; (3) the nature of prolonged tests often
makes retest impractical, and at the same time makes it difficult
to remain within the recommended variations of some con-
trolled variables. A detailed report permits transmittal of test
results without implying a degree of control which was not
achieved.

1.3 Tests on notched specimens are not included. These tests
are addressed in Practice E292.

1.4 Tests under conditions of short times are not included.
These test methods are addressed in Test Methods E21.

1.5 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E4 Practices for Force Verification of Testing Machines
E6 Terminology Relating to Methods of Mechanical Testing
E8 Test Methods for Tension Testing of Metallic Materials
E21 Test Methods for Elevated Temperature Tension Tests of

Metallic Materials
E29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E74 Practice of Calibration of Force-Measuring Instruments

for Verifying the Force Indication of Testing Machines
E83 Practice for Verification and Classification of Exten-

someter Systems
E177 Practice for Use of the Terms Precision and Bias in

ASTM Test Methods
E220 Test Method for Calibration of Thermocouples By

Comparison Techniques
E292 Test Methods for Conducting Time-for-Rupture Notch

Tension Tests of Materials
E633 Guide for Use of Thermocouples in Creep and Stress-

Rupture Testing to 1800°F (1000°C) in Air
E1012 Practice for Verification of Testing Frame and Speci-

men Alignment Under Tensile and Compressive Axial
Force Application

3. Terminology

3.1 Definitions—The definitions of terms relating to creep
testing, which appear in Section E of Terminology E6 shall
apply to the terms used in this practice. For the purpose of this
practice only, some of the more general terms are used with the
restricted meanings given below.

3.2 Definitions of Terms Specific to This Standard:

1 These test methods are under the jurisdiction of the ASTM Committee E28 on
Mechanical Testing

Current edition approved June 1, 2011. Published August 2011. Originally
approved in 1958. Last previous edition approved in 2006 as E139 – 06. DOI:
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2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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3.2.1 axial strain—the average of the strain measured on
opposite sides and equally distant from the specimen axis.

3.2.2 bending strain—the difference between the strain at
the surface of the specimen and the axial strain. In general it
varies from point to point around and along the reduced section
of the specimen.

3.2.2.1 maximum bending strain—measured at a position
along the length of the reduced section of a straight unnotched
specimen.

3.2.3 creep—the time-dependent strain that occurs after the
application of a force which is thereafter maintained constant.

3.2.4 creep-rupture test—a test in which progressive speci-
men deformation and the time for rupture are measured. In
general, deformation is much larger than that developed during
a creep test.

3.2.5 creep test—a test that has the objective of measuring
creep and creep rates occurring at stresses usually well below
those which would result in fracture during the time of testing.
Since the maximum deformation is only a few percent, a
sensitive extensometer is required.

3.2.6 gage length—the original distance between gage
marks made on the specimen for determining elongation after
fracture.

3.2.7 length of the reduced section—the distance between
tangent points of the fillets which bound the reduced section.

3.2.7.1 The adjusted length of the reduced section is greater
than the length of the reduced section by an amount calculated
to compensate for strain in the fillet region (see 8.2.3).

3.2.8 plastic strain during force application—the portion of
the strain during force application determined as the offset
from the linear portion to the end of a stress-strain curve made
during force application. The offset construction is shown in
Test Methods E8.

3.2.9 reduced section, of the specimen—the central portion
of the length having a cross section smaller than the ends which
are gripped. The cross section is uniform within tolerances
prescribed in 6.6.

3.2.10 strain during force application—the change in strain
during the time interval from the start of force to the instant of
full-force application.

3.2.11 stress-rupture test—a test in which time for rupture is
measured, no deformation measurements being made during
the test.

3.2.12 total plastic strain, at a specified time—equal to the
sum of plastic strain during force application plus creep.

3.2.13 total strain, at a specified time—equal to the sum of
the strain during force application plus creep.

4. Significance and Use

4.1 Rupture tests, properly interpreted, provide a measure of
the ultimate load-carrying ability of a material as a function of
time. Creep tests measure the load-carrying ability for limited
deformations. The two tests complement each other in defining
the load-carrying ability of a material. In selecting material and
designing parts for service at elevated temperatures, the type of

test data used will depend on the criterion of load-carrying
ability that better defines the service usefulness of the material.

5. Apparatus

5.1 Testing Machine: The accuracy of the testing machine
shall be within the permissible variation specified in Practices
E4.

5.1.1 Exercise precaution to ensure that the force on the
specimens is applied as axially as possible. Perfect axial
alignment is difficult to obtain, especially when the pull rods
and extensometer rods pass through packing at the ends of the
furnace. However, the machine and grips should be capable of
applying force to a precisely made specimen so that the
maximum bending strain does not exceed 10 % of the axial
strain, when the calculations are based on strain readings taken
at the lowest force for which the machine is being qualified.

NOTE 1—This requirement is intended to limit the maximum contribu-
tion of the testing apparatus to the bending which occurs during a test. It
is recognized that even with qualified apparatus, different tests may have
quite different percent bending strains due to chance orientation of a
loosely fitted specimen, lack of symmetry of that particular specimen,
lateral force from furnace packing, and thermocouple wire, etc.

5.1.1.1 In testing of low ductility material, even a bending
strain of 10 % may result in lower strength than would be
obtained with improved axiality. In these cases, measurements
of bending strain on the specimen to be tested may be
specifically requested and the permissible magnitude limited to
a smaller value.

5.1.1.2 The testing apparatus may be qualified by measure-
ments of axiality made at room temperature. When one is
making an evaluation of equipment, the specimen form should
be the same as that used during the elevated-temperature tests.
The evaluation specimen concentricity shall be at least as good
as called out in the specimen drawing. Only elastic strains
should occur throughout the reduced section. This requirement
may necessitate use of a material different from that used
during the elevated-temperature test.

5.1.1.3 Test Method E1012, or an equivalent test method
(1),3 shall be used for the measurement and calculation of
bending strain for round, rectangular, and thin strip specimens.

5.1.1.4 Axiality measurements should be made at room
temperature during the initial setup of the assembled test
machine, (including the pull rods, and grips) before use for
testing. Gripping devices and pull rods may oxidize, warp, and
creep with repeated use at elevated temperatures. Increased
bending stresses may result. Therefore, grips and pull rods
should be periodically retested for axiality and reworked when
necessary.

5.1.2 The testing machine shall incorporate means of taking
up the extension of the specimen so that the applied force will
be maintained within the limits specified in 5.1. The extension
of the specimen shall not allow the force application system to
introduce eccentricity of force application in excess of the
limits specified in 5.1.1. The take-up mechanism shall avoid

3 The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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introducing shock forces, overloading due to friction or inertia
in the force application system, or apply torque to the speci-
men.

5.1.3 The testing machine shall be erected to secure reason-
able freedom from vibration and shock due to external causes.
Precautions shall be made to minimize the transmission of
shock to neighboring test machines and specimens when a
specimen fractures. Vibration and shock effects may be seen as
noise in the curve when plotting the creep versus time. When
such effects are visible in the plotted data, vibration and shock
should not introduce apparent noise to the creep data in excess
of 7.5 % total creep or total plastic strain. Such external
vibrations shall not result in applied force errors in excess of
+1 % of the specified test force.

5.1.4 For high-temperature testing of materials which are
readily attacked by their environment (such as oxidation of
metal in air), the specimen may be enclosed in a capsule so that
it can be tested in a vacuum or inert-gas atmosphere. When
such equipment is used, the necessary corrections to obtain true
specimen applied forces shall be made. For instance, compen-
sation shall be made for differences in pressures inside and
outside of the capsule and for any force application variation
due to sealing-ring friction, bellows or other features.

5.2 Heating Apparatus: The apparatus for and method of
heating the specimens shall provide the temperature control
necessary to satisfy the requirements specified in 8.4.4 without
manual adjustments more frequent than once in each 24-h
period after force application. Automatic temperature control is
preferred.

5.2.1 Heating shall be by an electric resistance or radiation
furnace with the specimen in air at atmospheric pressure unless
other media are specifically agreed upon in advance.

NOTE 2—The media in which the specimens are tested may have a
considerable effect on the results of tests. This is particularly true when the
properties are influenced by oxidation or corrosion during the test,
although other effects can also influence test results.

5.3 Temperature-Measuring Apparatus (2):
5.3.1 The method of temperature measurement must be

sufficiently sensitive and reliable to ensure that the temperature
of the specimen is within the limits specified in 8.4.4.

5.3.2 Temperature shall be measured with calibrated ther-
mocouples in conjunction with calibrated thermocouple mea-
surement instrumentation. Other calibrated methods of tem-
perature measurement may be used if they are well
characterized with respect to standard thermocouple measure-
ment methods.

NOTE 3—Such measurements are subject to two types of error.
Thermocouple calibration and instrument measuring errors initially intro-
duce uncertainty as to the exact temperature. Secondly both thermo-
couples and measuring instruments may be subject to variation with time.
Common errors encountered in the use of thermocouples to measure
temperatures include, calibration error, drift in calibration due to contami-
nation or deterioration with use, lead-wire error, error arising from method
of attachment to the specimen, direct radiation of heat to the bead,
heat-conduction along thermocouple wires, etc.

5.3.3 Temperature measurements shall be made with cali-
brated thermocouples. Representative thermocouples should be

calibrated from each lot of wires used for making base-metal
thermocouples. Except for relatively low temperatures of
exposure, base-metal thermocouples are subject to error upon
reuse unless the depth of immersion and temperature gradients
of the initial exposure are reproduced. Consequently base-
metal thermocouples should be calibrated by the use of
representative thermocouples and actual thermocouples used to
measure specimen temperatures shall not be calibrated. Base-
metal thermocouples also should not be re-used without
clipping back to remove wire exposed to the hot zone . Any
reuse of base-metal thermocouples after relatively low-
temperature use without this precaution should be accompa-
nied by recalibration data demonstrating that calibration was
not unduly affected by the conditions of exposure.

5.3.3.1 Noble-metal thermocouples are also subject to errors
due to contamination, etc., and should be annealed periodically
and checked for calibration. Care should be exercised to keep
the thermocouples clean prior to exposure and during use at
elevated temperatures.

5.3.3.2 Measurement of the drift in calibration of thermo-
couples during use is difficult. When drift is a problem during
tests, a method should be devised to check the readings of the
thermocouples on the specimens during the test. For reliable
calibration of thermocouples after use, the temperature gradi-
ent of the testing furnace must be reproduced during the
recalibration.

5.3.4 Temperature-measuring, controlling and recording in-
struments should be calibrated periodically against a secondary
standard, such as a precision potentiometer. Lead-wire error
should be checked with the lead wires in place as they normally
are used.

5.4 Extensometer System: The sensitivity and accuracy of
the strain-measuring equipment should be suitable to define the
creep characteristics with the precision required for the appli-
cation of the data. The Practice E83 extensometer classification
should be made part of the report of test results. Suitability of
the sensor type and characteristics for creep measurement
should be determined before implementation of the system.
Suitability of individual sensors should be periodically evalu-
ated or evaluated upon occurrence of significant noise in the
creep curve. Acceptable noise levels should not exceed 5 % of
the total calibrated range. Laboratories employing multiple
sensors and electrical averaging should ensure that the additive
effects of each sensor’s noise do not result in an unacceptable
average noise level. Peak to peak noise on the raw creep data
should not exceed 7.5 % of the total creep or total plastic strain
for the test. Noise levels exceeding these values must be
documented in the test report.

5.4.1 Nonaxiality of force application is usually sufficient to
cause significant errors at small strains when strain is measured
on only one side of the specimen (3). Therefore, the extensom-
eter shall be attached to and indicate strain on opposite sides of
the specimen. The reported strain shall be the average of the
strains on the two sides, either a mechanical or electrical
average internal to the instrument or a numerical average of
two separate readings.
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5.4.2 Whenever possible the extensometer should be at-
tached to the specimen, not to any load carrying parts joined to
the specimen, because the intervening joints and parts intro-
duce significant extensions which, are not accurately separable
from the extension in the specimen alone.

5.4.3 To avoid the inaccuracy introduced by strain in the
fillets and shoulders, the extensometer should be attached to
the reduced portion of the specimen.

5.4.3.1 It is sometimes necessary to attach the extensometer
to the specimen shoulders. For example, when materials with
low ductility are tested, failure tends to occur at the extensom-
eter attachments unless these are located on the specimen
shoulders.

5.4.3.2 When making a creep-rupture test of a ductile
material an extensometer attached to the reduced section of a
specimen tends to loosen as the cross-sectional area decreases
during the test. In this case the extensometer may be attached
to the specimen shoulders or to small ribs or grooves machined
at the ends of the reduced section of the specimen for that
purpose (4).

5.4.4 When it is necessary to use miniature specimens, the
extensometer may be attached to the specimen holders. The
observed values of extension should be adjusted as described in
8.6.3 and 9.2.4. Even with this adjustment the strain values are
of inferior accuracy and the reported values should be labeled
“approximate.” The method of measurement should be de-
scribed in the report.

5.5 Room Temperature Control: The temperature in the
room should be sufficiently constant so the specimen tempera-
ture variations do not exceed the limits stated in 8.4.4.

5.5.1 Extensometer readings should be taken only when the
room temperature is within 63°C (65°F) of the room tem-
perature at the time of force application, unless a correction is
applied to the extensometer reading. The extensometer correc-
tion equation or chart should have specimen temperature as
well as room temperature as a variable. The correction may be
omitted if it has been established that the extensometer reading
is not changed by variations in room temperature. In evaluating
the effect of such variations, the electronic instrumentation
should also be calibrated at various ambient temperatures.

5.6 Timing Apparatus—For rupture testing machines, pro-
vide suitable means for measuring the elapsed time between
complete application of the force and the time at which fracture
of the specimen occurs, to within 1 % of the elapsed time.

6. Test Specimen and Sample

6.1 The size and shape of test specimens shall be based
primarily on the requirements necessary to obtain representa-
tive samples of the material being investigated or as required
by specification.

6.2 For rolled, extruded or other directionally processed
materials, unless otherwise specified, test specimens shall be
oriented such that the axis of the specimen is parallel to the
direction of fabrication, and located as follows:

6.2.1 At the center for products 38 mm (11⁄2 in.) or less in
thickness, diameter, or distance between flats, or

6.2.2 Midway from the center to the surface for products
over 38 mm (11⁄2 in.) in thickness, diameter, or distance
between flats.

6.3 Test specimens of the type, size, and shape described in
Test Methods E8 are generally suitable for tests at elevated
temperature with the following modifications: (1) tighter di-
mensional tolerances are recommended in 6.6; (2) for creep
tests, larger ratios of length to diameter (or width) of reduced
section may be desirable to increase the accuracy of strain
measurement; and (3) for coarse-threaded specimens, made
from material with little ductility, the size of thread should be
at least 7⁄4 the diameter of the reduced section. According to
6.1, rectangular specimens will be used for sheet and strip.
Otherwise, the specimen should have a reduced section of
circular cross section. The largest diameter or greatest width
specimen consistent with 6.1 should be used except that these
dimensions need not be greater than 12.5 mm (0.5 in.).

NOTE 4—Specimen size in itself has little effect on creep and rupture
properties provided the material is sound and is not subject to appreciable
surface corrosion or orientation effects. A small number of grains in the
specimen cross section, or preferred orientation of grains due to fabrica-
tion conditions, can have a pronounced effect on the test results. When
corrosion oxidation occurs, the results may be a function of specimen size.
Likewise, surface preparation of specimens, if affecting results, becomes
more important as the specimen size is reduced.

6.4 Specimens of circular cross section should have
threaded, shouldered, or other suitable ends for gripping that
will meet the requirements of 5.1.1.

NOTE 5—Satisfactory axial alignment may be obtained with precisely
machined threaded ends. But at temperatures where oxidation and creep
are readily apparent, precisely fitted threads are difficult to maintain and to
separate after test. Practical considerations require the use of relatively
loose-fitting threads. Other gripping methods have been successfully used
(5, 6, 7).

6.5 For rectangular specimens some modifications of the
standard specimens described in Test Methods E8 are usually
necessary to permit application of the force to the specimen in
the furnace with the axiality specified in 5.1.1. If the material
available is sufficient, the use of elongated shoulder ends to
permit gripping outside the furnace is the easiest method.
When the length of the specimen is necessarily restricted,
several methods of gripping may be used as follows:

6.5.1 A device that applies the force through a cylindrical
pin in each of the enlarged ends of the specimen. The pin holes
should be accurately centered on extensions of the centerline of
the gage section. The good axiality of force application using
a grip of this type has been demonstrated (6, 7).

6.5.2 High-temperature sheet grips similar to those illus-
trated in Test Methods E8 and described as self-adjusting grips
have proved satisfactory for testing sheet materials that cannot
be tested satisfactorily in the usual type of wedge grips.

6.5.3 Extension tabs may be welded or brazed to the
specimen shoulders and extended to grips outside the furnace.
When these are used, care must be exercised to maintain
coaxiality of the centerlines of the extensions and the gage
length. Any brazing or welding should be done in a jig or
fixture to maintain accurate alignment of the parts. Any
machining should be done after brazing or welding.
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6.5.4 Grips that conform to and apply force against the
fillets at the ends of the reduced section.

6.6 The diameter (or width) at the ends of the reduced
section of the specimen shall not be less than the diameter (or
width) at the center of the reduced section. It may be desirable
to have the diameter (or width) of the reduced section of the
specimen slightly smaller at the center than at the ends. The
diameter (or width) at the ends of the reduced section shall not
be greater than 100.5 % of the diameter (or width) at the center
of the reduced section. When specimens of this form are used
to test low ductility materials, failure may regularly occur at
the fillets. In these cases, the center of the reduced section may
be made smaller by a gradual taper from the ends and the
exception to the requirements above noted in the report.
Specimen surfaces shall be smooth and free from undercuts
and scratches. Special care shall be exercised to minimize
disturbance of surface layers by cold work, which produces
high residual stresses plastic deformation, or other undesired
effects. The axis of the reduced section shall be straight within
60.5 % of the diameter. Threads of the specimen shall be
concentric with this axis within the same tolerance. Other
means of gripping shall have comparable tolerances.

6.7 For cast-to-size specimens it may not be possible to
adhere to the diameter, straightness, and concentricity limita-
tions of 6.6, but every effort should be made to approach these
as closely as possible.

7. Calibration and Standardization

7.1 The calibration of load measuring systems,
extensometers, thermocouples (2), potentometers, and microm-
eters shall be traceable to national standards, where systems of
traceability exist. Applicable ASTM standards and guidance
are listed here:
Load-measuring system Practices E4 and E74
Extensometer Practice E83
ThermocouplesA Method E220
Potentiometers Method E220 and STP 470B (2)

A Method E220 melting point methods are also recommended for thermocouple
calibration.

7.1.1 Axiality of the force application apparatus shall be
measured as described in 5.1.1 and documented as described in
Practice E1012.

7.2 Calibrations and verifications shall be as frequent as is
necessary to ensure that the errors for each test are less than the
permissible indicated variations listed in these test methods.
The maximum period between calibrations and verifications
shall be:

Force-measuring system 1 year
Extensometers 1 yearA

Thermocouples each lot run
Precision Potentiometers (dry cell type) 1 month
Micrometers and calipers 6 months
Recording systems 6 months
Temperature measuring equipment/system 3 months (see 7.4)
Weights every five years (see 7.5)
Dial Indicators (used to measure creep) 1 month (see 7.6)

A Extensometers shall be verified for freedom of movement prior to each test.
Exceptions to this list shall be instruments in use when the test exceeds

calibration period.

NOTE 6—In cases where the test duration exceeds the maximum
calibration frequency, it is acceptable to perform the calibration immedi-
ately following the conclusion of the test.

7.3 For verification of creep-rupture testing machines, non-
machined blanks of material with predetermined rupture prop-
erties are available from ASTM International Headquarters at a
nominal cost.

7.4 As an alternative to calibration immediately following
the conclusion of the test exceeding 3 months, multiple
temperature measuring equipment/system can be used so that
calibration of each equipment/system can staggered to elimi-
nate or minimize the calibration-overdue periods.

7.5 The metal weights used to apply the test force shall be
certified every five years (if not painted/plated, or calibrated
prior to each test) to be within a limit of error of 0.5 %.
Painted/plated weights shall be verified when paint/plating
shows wear or damage.

7.6 Dial indicators used in tests exceeding 1 month should
be exercised at least 3 times to prevent becoming stuck.
Difference in readings before and after the exercise should be
recorded.

8. Procedure

8.1 Measurement of Cross-Sectional Area—Determine the
minimum cross-sectional area of the reduced section of the
specimen as specified in Measurement of Dimensions of Test
Specimens in Test Methods E8. In addition, measure the largest
diameter (or width) in the reduced section and compare with
the minimum value to determine whether the requirements of
6.6 are satisfied.

8.2 Measurement of Original Length:
8.2.1 Unless otherwise specified, base all values for elon-

gation on a gage length equal to four diameters (4D) in the case
of round specimens and four times the width in the case of
rectangular specimens, the gage length being punched or
scribed on the reduced section of the specimen.

NOTE 7—Elongation values of specimens with rectangular cross sec-
tions cannot be compared unless all dimensions including the thickness
are equal. Therefore, an elongation specification should include the
specimen cross-sectional dimensions as well as the gage length. Using a
gage length equal to 4.5 times the square root of the cross-sectional area
compensates somewhat for variations in specimen thickness but even this
does not result in the same value of elongation when specimens of the
same material are machined to different thicknesses and tested (6, 7).

8.2.2 When the length-to-diameter ratio of the reduced
section is greater than standard, the gage length should be
approximately one diameter less than the length of the reduced
section.

NOTE 8—Recognition must be given to the wide use of total elongation
of fractured rupture specimens in judging materials. Percentage elongation
is very dependent on the gage length over which it is measured. Adherence
to the customary gage length of four times the specimen diameter is,
therefore, very desirable. Recognition must be given, however, to the
approved use of longer or shorter gage length to specimen diameter ratios
in rupture testing and the possible prohibition to using gage marks to
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define the uniform gage length for elongation measurement. Therefore,
reporting of elongation for longer gage lengths should be acceptable,
provided the gage length is clearly indicated. For most ductile metals a
standard four-diameter gage length centered on a fracture occurring in a
longer than standard reduced section will give a higher elongation than the
standard test. For this reason the use of several, congruent, standard gage
lengths to cover a long reduced section is not recommended. The majority
of the stretching occurs near the fracture site. Since stretching is not
uniform over the length of the reduced section, the percent elongation
depends on the gage length.

8.2.3 When testing metals of limited ductility, gage marks
punched or scribed on the reduced section may be undesirable
because fracture may occur at the stress concentrations so
caused. Then, place gage marks on the shoulders or measure
the overall length of the specimen. Also measure the adjusted
length of the reduced section to the nearest 0.2 mm (0.01 in.)
as described in 8.2.4. If a gage length, other than that specified
in 8.2.1 is employed to measure elongation, describe the gage
length in the report. In the case of acceptance tests, any
deviation from 8.2.1 must be agreed upon before testing.

8.2.4 When the extensometer is to be attached to the
specimen shoulders, measure the adjusted length of the re-
duced section between points on the two fillets where the
diameter (or width) is 1.05 times the diameter (or width) of the
reduced section. This dimension is used as the divisor for
converting the observed extension to strain in the reduced
section (see 9.2.3 and 9.3.1).

8.3 Cleaning Specimen—Unless otherwise requested, wash
carefully the reduced section and those parts of the specimen
which contact the grips in clean alcohol, acetone, or other
suitable solvent that will not affect the metal being tested.
Specimens may be cleaned at the machining facility prior to
receiving at the test lab. In all cases, specimens should be
handled carefully to avoid imparting oil from skin to the
specimen. Cast to size specimens typically do not need
cleaning.

8.4 Temperature Control:
8.4.1 Form the thermocouple bead in accordance with

Guide E633.
8.4.2 Guide E633 provides guidance on thermocouple at-

tachment. In attaching thermocouples to a specimen, the
junction shall be kept in intimate contact with the specimen and
shielded 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
inserted in a hole in the specimen has been shown to be less
than one half the variation listed in 8.4.4. The bead should be
as small as possible and there shall be no shorting of the circuit
(such as could occur from twisting the thermocouple wires
behind the bead or from a bare attachment wire touching both
bare thermocouple wires). Ceramic insulators should be used
on the thermocouples in the hot zone for test temperatures high
enough to damage standard thermal insulation on the thermo-
couple wires. The remaining portions of the wires shall be
thermally shielded and electrically insulated by a suitable
covering. If some other electrical insulation material is used in
the hot zone, it should be carefully checked to determine
whether the electrical insulating properties are maintained with
higher temperatures.

8.4.3 When the length of the reduced section is less than 50
mm (2 in.) attach at least two thermocouples to the specimen,
one near each end of the reduced section. For reduced sections
50 mm or greater, add a third thermocouple near the center.

8.4.4 Before the force is applied and for the duration of the
test do not permit the difference between the indicated tem-
perature and the nominal test temperature to exceed the
following limits:

Up to and including 1000°C (1800°F) 2°C (±3°F)
Above 1000°C (1800°F) 3°C (±5°F)

8.4.5 The term “indicated temperature” means the tempera-
ture that is indicated by the temperature measuring device
using good quality pyrometric practice.

NOTE 9—It is recognized that true temperature may vary more than the
indicated temperature. The permissible indicated temperature variations in
8.4.4 are not to be construed as minimizing the importance of good
pyrometric practice and precise temperature control. All laboratories
should keep both indicated and true temperature variations as small as
practicable. However, should temperatures vary outside the given limits,
time and temperature of the variation shall be recorded and good
engineering judgment taken to assure the variations did not affect testing
of the material and that the results of the test are valid. This should be
clearly documented in the test report. It is well recognized, in view of the
extreme dependency of strength of materials on temperature, that close
temperature control is necessary. The limits prescribed represent ranges
that are common practice.

8.4.6 Temperature overshoots during heating should not
exceed the limits above. The heating characteristics of the
furnace and the temperature control system should be studied
to determine the power input, temperature set point, propor-
tioning control adjustment, and control-thermocouple place-
ment necessary to limit transient temperature overshoots. It
may be desirable to stabilize the furnace at a temperature from
5 to 20°C below the nominal test temperature before making
the final adjustments. Report any temperature overshoot with
details of magnitude and duration.

8.4.7 The time of holding at temperature prior to the start of
the test should be governed by the time necessary to ensure that
the specimen has reached equilibrium and that the temperature
can be maintained within the limits specified in 8.4.4. Unless
otherwise specified, this time should not be less than 1 h.
Record the time to attain test temperature and the time at
temperature before force application.

8.4.8 Any disturbance causing the temperature of the speci-
men to be outside the limits specified in 8.4.4 should require an
investigation that may necessitate using good engineering
judgment regarding the impact on the creep properties. Tem-
perature deviations may be cause for rejection of the test and
require retesting. Allowing the temperature to fall below the
nominal temperature reduces creep rate and prolongs rupture
time, both characteristics being very sensitive to test tempera-
ture. Low temperatures usually do not damage the material as
can over temperature, which may considerably accelerate
creep. Consequently under temperature should be cause for
retesting only when the time at under temperature significantly
alters the test result as determined by an evaluation of the creep
rate before and after the occurrence of the under temperature
condition, and/or as determined by a statistical evaluation of
representative data versus the test in question.

NOTE 10—Cooling and reheating of the specimen under stress can have
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a significant effect on subsequent creep properties and rupture times.
Temperature drops of about 40 °C (100 °F) or cooling times of 1 h or
greater can reduce rupture times by one-half. Creep properties may be
similarly affected. If the stress (force) is removed before the above time or
temperature decrease is exceeded, the rupture test can be restarted after the
cause for disturbance has been corrected. It has not been determined if a
creep test can be restarted. The report shall indicate that the test was
interrupted by cooling, length of interruption or decrease, or both in
temperature prior to removal of stress, and from what temperature the test
was restarted.

8.5 Connecting Specimen to the Machine—Take care not to
introduce nonaxial forces while installing the specimen. For
example, threaded connections should not be turned to the end
of the threads or bottomed. If threads are loosely fitted, apply
a very small force to the specimen string and manually move
it in the transverse direction and leave in the center of its range
of motion. If packing is used to seal the furnace, it must not be
so tight that the extensometer arms or pull rods are displaced or
their movement restricted.

8.6 Strain Measurement During Test:
8.6.1 By definition, a creep or a creep-rupture test requires

measurements of strain at and following the instant of appli-
cation of full force. The strain change from zero force to the
instant of full force application shall also be recorded (see
8.7.1).

NOTE 11—Incremental strain readings during force application are also
of value for the following two reasons: (1) the elastic portion of the
stress-strain curve during force application may be used to evaluate the
operation of the apparatus before the specimen is finally committed; and
(2) in many applications knowledge of total plastic strain rather than of
creep alone is required, therefore the force application curve is necessary.
On the other hand, obtaining the force application curve usually requires
slower force application than would be used if creep only was measured.
This slower force application sometimes results in greater strain at the
instant of full force application than if the force had been applied without
the delays caused by incremental force application.

8.6.2 Take strain measurements at sufficiently frequent in-
tervals during a test to adequately define the time-strain (creep)
curve. This usually requires more frequent readings during the
usual rapid first-stage creep than during second-stage creep.
The interval for strain readings should not be more than 24 h
or 1 % of the estimated duration of the test, whichever is
longer. Laboratories with computerized data acquisition should
record at shorter intervals (no longer than one point every 24 h)
if possible so that the creep rupture curve can be more clearly
defined. Omissions of readings are allowed when the absence
of daily readings does not influence the test results or the time
period does not occur at a specification requirement for
reporting time or creep.

8.6.3 When the stock size makes it necessary to use a
specimen with the reduced section less than 6.25 mm (0.25 in.)
in diameter, the extensometer may be attached to the specimen
holders. The diameter of the specimen holders should be
significantly larger than the reduced section of the specimen. If
not, then in order to adjust for the extension which occurs
outside the reduced section, it is necessary to test two speci-
mens for each creep curve. One specimen should have the
standard proportions, the other specimen should be made
shorter by omitting either the reduced section or the reduced
section and the fillets. The grip ends and shoulders of both

specimens should be similar. Both should be tested with an
extensometer attached to the specimen holders (see 9.2.4).

8.6.4 For strain measurement during the removal of applied
force, see 8.7.3.

8.7 Force Application and Removal Procedure:
8.7.1 A small fraction of the test force (not more than 10 %

for materials such as stainless steels that yield immediately
upon force application; 15 % for materials that have a linear
elastic portion of the stress/strain curve) may be applied before
and during heating of the specimen. This usually improves the
axiality of force application by reducing the displacement of
the specimen and load rods due to lateral forces from furnace
packing and thermocouple wires (see 8.5). The equivalent
extensometer reading at zero force may be obtained by
extrapolating the linear portion of the force-extension curve.

8.7.2 Apply the force in a manner that shock forces or
excess forces due to inertia is avoided. The force may be
applied in increments with strain readings between increments
to provide stress-strain data for the application of the force.
Make the time for applying the force as short as possible within
these limitations.

8.7.3 Where total extensions are limited to the same order of
magnitude as elastic extensions, it is important to have the
elastic portion of the total extension accurately known. In creep
tests, this can best be determined by measurement of the
instantaneous contraction upon removal of the applied force at
the end of the test.

NOTE 12—This measurement can only be made for tests that are halted
prior to rupture.

8.7.4 If a test is interrupted for any reason, the conditions of
the resumption of the test shall be recorded in the test report.
Exercise care to prevent excess force application to the test
piece due to contraction of the test specimen assembly.

8.8 Measurements of Specimen After Test:
8.8.1 For measuring elongation, fit the ends of the fractured

specimen together carefully and measure the distance between
gage marks or the overall length to the nearest 0.2 mm (0.01
in.) at room temperature. If any part of the fracture surface
extends beyond the middle half of the reduced section of the
specimen, the elongation value obtained may not be represen-
tative of the material. In the case of an acceptance test, if the
elongation meets the minimum requirements specified, no
further testing is required; but if the elongation is less than the
specified minimum, the test shall be discarded and a retest
made.

8.8.2 For measuring reduction of area of specimens of
circular cross section, fit the ends of the fractured specimen
together carefully and measure the maximum and minimum
final diameters and record the average of maximum and
minimum final diameter to the nearest 0.02 mm (0.001 in.) at
room temperature. If the fracture occurs at a fillet or gage mark
the reduction of area may not be representative of the material.
In the case of an acceptance test, if the reduction of area meets
the specified minimum, no further testing is required, but if the
reduction of area is less than the specified minimum the test
may be discarded and a retest performed.
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9. Calculation

9.1 Stress—Reported stress value is equal to the value of
constant axial force applied to the specimen divided by the
minimum cross-sectional area measured at room temperature
before the test.

9.2 Strain:
9.2.1 Calculate strain by dividing the extension by the

extensometer gage length measured at room temperature be-
fore applying force to the specimen. The extensions to be used
for the various strain measurements are given in their defini-
tions in Section 3. The extensometer gage length to be used
depends on the location of attachment points of the extensom-
eter.

9.2.2 If the extensometer is attached to the reduced section
of the specimen, the extensometer gage length is the distance
between attachment points.

9.2.3 When the extensometer is attached to the specimen
shoulders, as is common practice in the case of creep-rupture
testing, the measurements recorded include strain at the fillets
and shoulder to the point of attachment of the extensometer. It
is desirable to apply a correction for this additional strain.
When a series of creep tests are made at the same temperature,
a correction method similar to that described by Thomas and
Carlson (4) may be applied. Otherwise, the measured exten-
sions may be divided by the adjusted length of the reduced
portion (see 8.2.4). The method used to calculate strain must be
clearly stated in the report and be the subject of prior
agreement in the case of acceptance testing. Sufficient speci-
men and extensometer dimensions should be reported to enable
the reader to calculate corrections for fillet strain.

NOTE 13—It is not possible to correct accurately for fillet strain by
applying a single, universal factor, as this factor will vary with the stress
dependence of the creep rate for any material and test temperature. Fillet
corrections were calculated by a method similar to that of Thomas and
Carlson (4) for a variety of metals that had been tested at various stresses
and temperature. For most of these tests, the use of the adjusted length of
the reduced portion (described above) gave an error of 3 % or less. In the
primary stage of creep, the errors tended to be larger, being 8 % in the
extreme case. These values are based on a ratio of length to diameter for
the reduced portion of 5. A ratio of 10 would halve the percentage error.

9.2.4 If, in the case of miniature specimens, the extensom-
eter is attached to the specimen holders, the extension for the

standard specimen should be reduced by the extension of a
specimen without a reduced section, the force and time since
force application being the same for both specimens. The
difference in extension is then converted to strain in the
reduced section by dividing by the length of the reduced
section (if the shortened specimen included the fillets) or by the
method of 9.2.3 (if the shortened specimen did not include
fillets). The test on the shortened specimen may be omitted and
the average value of previous tests used if at least three tests on
shortened specimens have been made on materials of the same
specification, at the same stress and temperature. Whenever the
extensometer is not attached to the specimen label the result
“approximate” and give the method of measurement in a
footnote.

9.3 Elongation:
9.3.1 When the gage length is marked on the reduced

section of a specimen having a nominally uniform cross-
sectional area, the elongation is equal to the gage length after
fracture minus the original gage length, the difference ex-
pressed as a percentage of the original gage length. Fig. 1
shows the method for calculating the elongation. If the gage
length includes fillets, shoulders, threads, etc., the change in
gage length is expressed as a percentage of the adjusted length
of the reduced section of the specimen. This is shown in Fig. 2.

9.3.2 A method that can sometimes be used when there is an
autographic recording of strain up to the moment of fracture, is
to read the elongation as strain offset from the initial, linear,
force application line. This can be useful in the case of
materials of very low ductility. Since these values are usually
lower than those measured from the broken specimen, the
method of measurement should be stated with the results.

9.4 Reduction of Area—Reduction of area is equal to the
minimum cross-sectional area of the reduced section before
testing minus the minimum cross-sectional area of the reduced
section after testing, the difference expressed as a percentage of
the area before testing. Reduction of area is reported only for
specimens of circular cross section.

9.5 Rounding Off—Unless otherwise specified, for purposes
of determining compliance with specified limits, calculated
values of elongation and reduction of area shall be rounded off

FIG. 1 Method of Calculating Elongation When the Gage Length Is Marked on the Reduced Section of the Specimen
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to the nearest 0.5 % or less, in accordance with the rounding
method of Practice E29.

9.6 Characteristics of the Creep Curve:
9.6.1 A plot of creep or total plastic strain versus time on

Cartesian coordinates is usually constructed as shown in Fig. 3.
If the curve has a region of decreasing slope followed by a
region of increasing slope a line is usually drawn tangent to the
curve at the minimum slope. Where the line coincides with the
creep curve is called the region of secondary creep. The
following results are obtained from the plot:

9.6.1.1 Minimum creep rate,
9.6.1.2 Intercept of tangent line with strain axis at zero time,
9.6.1.3 Time to start of secondary creep, and
9.6.1.4 Time to finish of secondary creep.

9.6.2 In short-time, creep-rupture tests the values of 9.6.1.3
and 9.6.1.4 may not be significantly different. In these cases a
tabulation of creep rate at various times and calculations of
9.6.1.2 may give more accurate values than the graphical
method and may be substituted for it.

9.7 Creep Data Evaluation:
9.7.1 The following methods of reporting data may be used,

depending on customer requirements, and the system utilized
to obtain the data:

9.7.1.1 Report required data using raw creep data obtained
during the test.

9.7.1.2 Report required data from data determined from
mathematical curve fitting methods, such as Bezier, and
polynomial curve fitting methods.

FIG. 2 Method of Calculating Elongation When the Original Gage Length Includes Fillets, Shoulders, Threads etc.

FIG. 3 Typical Creep Curve
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NOTE 14—Performing data logging at the section 8.6.2 rates may
necessitate interpolation between points to obtain required data to be
reported.

9.7.2 Whether evaluation of creep results against specifica-
tion limits should be done using raw data, interpolation, or
curve-fitting methods shall be agreed upon between customer
and supplier. Curve fitting shall not be used to offset the effects
of unacceptably noisy creep strain sensors. It is recognized that
automated systems may produce creep curves that present
higher apparent noise levels than those generated by systems
logging data as per section 8.6.2, due to the coarser data
storage rate prescribed in that section. Customer and vendor
should ensure that the data logging rates and analysis methods
to evaluate reported data are suitable to the engineering
application.

9.7.3 When mathematical curve fitting methods are em-
ployed to produce a representative curve free of noise, the
supplier laboratory should ensure that the resulting curve is
representative of the actual data. Significant discontinuous
curve shifts may be a reason for retesting. Material behaviors
as well as system characteristics should be considered when
making such determinations.

10. Guide for Determining Test Conditions and for
Processing Test Data

10.1 The selection of conditions of temperature, stress, and
duration of test for specific applications is usually fixed rather
rigidly. A large proportion of tests are, however, conducted to
provide data defining the general creep and rupture properties.
The following paragraphs in this section apply mainly to the
latter case with the objective of providing uniform comparative
creep and rupture data and aiding in the selection of stresses so
that the test results will be close to desired rupture times or
minimum creep rates.

10.2 When the tests are carried out to establish load carrying
ability to approximately 1000 h, it is desirable to conduct
sufficient tests at each test temperature to define curves of
initial stress versus log time in hours for total deformations of
0.1, 0.2, 0.5, and 1.0 %; such larger deformations up to 5 as
may be of interest or the material can tolerate without rupture;
and the stress-rupture time curve. Such plots of properties are
commonly known as “design” curves. These curves should
extend from the short time of a tension test to the longest time
period of interest, with a sufficient number of test points to
ensure reliable curves. The values used to define these curves
are obtained from creep curves plotted to include the deforma-
tion during the application of the force. The creep curves from
the rupture tests should be supplemented with sufficient lower-
stress creep tests to define the smaller total-deformation curves.
The curves of stress versus log time for small deformations
usually include relatively long straight-line segments.
However, there is not an established basis for extrapolating
such curves from 1000 h to prolonged time periods without
additional data (8, 9). It is considered desirable to show the
percentage of elongation with the stress-rupture time data
points.

10.3 Creep tests are widely used to obtain a measure of the
load-carrying ability of a material for limited deformation in

prolonged time periods. Tests are conducted under stresses
which will give true minimum creep rates ranging between
0.0001 and 0.00001 % ⁄h (0.1 and 0.01 % ⁄1000 h). Three or
more tests at a given temperature should be used to establish a
curve of log stress versus log creep rate which specifically
defines the creep strengths for creep rates of 0.0001 and
0.00001 % ⁄h. Considerable care and judgment should be used
to be certain that true minimum creep rates are established.

10.3.1 The log stress-log minimum creep rate curves at
several temperatures usually form a family of nearly-parallel
straight lines. Consistent families of curves may allow some
economy in the number of tests required for each curve.
Common practice is to assume that the stress for a creep rate of
0.00001 % ⁄h (0.01 % ⁄1000 h) defines the stress for 1 % creep
in 100 000 h. This assumes that all creep occurs at the
minimum rate, an assumption which should be checked by
estimating total creep (10). Caution should be used to be sure
that some peculiarity in the creep characteristics does not result
in false indications of minimum creep rate by conducting tests
of several thousand hours duration. Many users of such data
feel that the creep strength should be verified by tests of
10 000 h or longer duration.

10.4 When plotted to logarithmic scales, data on stress
versus rupture time for a given temperature usually yield a
straight line or one of increasing negative slope. Sometimes the
curve is more nearly a straight line when stress on a linear scale
is plotted versus log rupture time. To establish the curve, one or
two test points are usually required for each base-10 log cycle
of rupture time. Curves that are to be extrapolated should be
based on four or more evenly spaced points that cover a
log-time range at least three times as great as the extrapolated
range. Extrapolation should be limited to one base-10 log
cycle.

10.5 Curves of stressversus rupture time at several tempera-
tures usually are nearly parallel and form a consistent family of
curves. The occurrence of changes in slope for the curves for
the higher temperatures within the maximum time of testing is
usually indicative of similar slope changes at longer time
periods for the curves at lower temperatures. The absence of
such changes in slope of curves for the higher-temperature tests
lends confidence to the extrapolation in time for the low-
temperature curves.

10.6 When the creep and rupture properties are to be defined
as functions of temperature, it is recommended that tests be
conducted at a sufficient number of temperatures so that curves
of properties versus temperature can be constructed over the
useful temperature range for the material. Usually this requires
tests at a minimum of three temperatures.

10.7 No generally accepted methods are available for ex-
trapolating creep and rupture data to temperatures and times
beyond the tested range. Considerable use is being made of
parameter methods. As experience is gained in using these
methods, their limitations will become established and reliabil-
ity will improve. At their present state of development,
parameters are very useful when used with proper precautions.

10.8 The method proposed by Larson and Miller (8) takes
advantage of the correlation between stress and rupture time
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usually obtained for tests over a range of temperatures by
plotting log initial stress versus the parameter P = (T + 460)
(log10t + 20), where T is the test temperature in degrees
Fahrenheit, and t is the rupture time in hours. In most alloys the
data give a quite good correlation by this method. For those
materials which do correlate with the Larson-Miller parameter,
it is possible to evaluate a relatively wide range of rupture
properties with four or more short-time tests. Tests are con-
ducted at a higher temperature to give a parameter covering the
time range of interest at lower temperatures. In most cases this
procedure will indicate rupture strengths with reasonable
reliability. Caution should be used, however, in extrapolating
too far time wise due to the parameter correlation tending to
vary with time. Secondly the constant 20 in the parameter is an
average for many alloys and some error may be introduced by
the use of a fixed constant.

10.9 A method proposed by Manson and Haferd (9) and
Manson and Brown (10) relates the log of stress to the
parameter P = (T − T a)/(log t − log ta) where T is the test
temperature in degrees Fahrenheit, t is the rupture time in
hours, and Ta and log ta are constants equal to the coordinates
at the intersection of extension of straight lines fitted through
the rupture test data points plotted as log t versus T for different
constant stresses. The recommended rupture time range is from
30 to 300 h. To establish a master curve by the Manson
parameter requires more test points than by the Larson-Miller
parameter. On the other hand the use of two experimentally
determined constants sometimes results in a more accurate
prediction of long-time test results by the Manson parameter
than by the Larson-Miller parameter.

10.10 When the aim of a creep test is to reach a specified
strain in a specified time, the required stress can be estimated
from short-time creep tests at higher temperatures by the
parameter methods described above. The time for the specified
strain is substituted for rupture time in 10.8 or 10.9.

10.11 It is well recognized that creep rates, specific total
deformations, and rupture times from individual tests are
sensitive to both material and test variables. Consequently care
should be exercised in evaluating materials on the basis of
those properties. The use of such measures of properties should
be accompanied by statistical data showing the reproducibility
of test results.

11. Report and Laboratory Record

11.1 For the reasons stated in 1.2, a complete written report
of all tests is necessary. Long-time data are particularly
expensive and difficult to obtain by testing when needed.
Therefore, the results of previous tests are often studied by
different people over a period of many years during which
equipment and conventional procedure change. To compensate
for these changes a detailed report must be available.

11.2 Such values as minimum creep rate and time to rupture
can be several times as great for one specimen as for another,
even when the specifications for the two specimens are the
same. Therefore, the description of the material should be as
complete as possible. The report should include as much of the
following information as can be obtained.

11.3 Results from Stress Rupture Tests: Report the follow-
ing:

11.3.1 Type of alloy.
11.3.2 Specimen descriptor that will provide traceability

back to manufacture.
11.3.3 Product identification.
11.3.4 Heat treatment.
11.3.5 Test temperature, °C (°F).
11.3.6 Stress, MPa (ksi).
11.3.7 Specimen Dimensions:
11.3.7.1 For circular cross sections—gage diameter, or,
11.3.7.2 For rectangular cross sections—gage width and

gage thickness.
11.3.7.3 Length of gage section, 4 × diameter (5 × diameter)

or,
11.3.7.4 Length of adjusted gage length (if used), or,
11.3.7.5 Distance between markers on shoulders (if used).
11.3.7.6 Length of reduced section.
11.3.8 Test duration, to nearest 0.1 h for test durations of

100 h or less and to nearest 1.0 h for test durations over 100 h.
If test was discontinued then note this in the report.

11.3.9 Maximum extension measured by one of the three
following methods and indication of which method is being
reported:

11.3.9.1 Elongation (%) based on the gage length, or,
11.3.9.2 Elongation (%) from shoulder measurements and

based on the adjusted gage length, or,
11.3.10 Reduction of area (%) for specimens of circular

cross section. Note any contribution of surface corrosion to the
reduction of area.

11.3.11 The location and description of fracture particularly
if outside gauge marks or center area of reduced section.

11.4 The stress rupture behavior of materials can be char-
acterized in the following manner:

11.4.1 Stress for rupture in times indicated: 1, 10, 100,
1000, 10 000, 100 000 h.

11.5 Results from Creep Rupture Test— Report all of the
following for creep-rupture tests.

11.5.1 Type of alloy.
11.5.2 Specimen descriptor that will provide traceability

back to melting.
11.5.3 Product size.
11.5.4 Heat treatment.
11.5.5 Test temperature, °C (°F).
11.5.6 Stress, MPa (ksi).
11.5.7 Specimen Dimensions:
11.5.7.1 For circular cross sections—gage diameter, or,
11.5.7.2 For rectangular cross sections—gage width and

gage thickness.
11.5.7.3 Length of gage section, 4 × diameter (5 × diameter)

or,
11.5.7.4 Length of reduced section, or,
11.5.7.5 Length of adjusted gage length (if used), or,
11.5.7.6 Distance between markers on shoulders (if used).
11.5.8 Attachment of extensometer, on reduced section or

on shoulders.
11.5.9 Data from Force Application—The increase in strain

with the increase in stress during step force application. An
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estimate of the elastic modulus can be calculated. Also any
abnormal behavior of the test stand and extensometers can be
readily observable.

11.5.10 Total strain on application of force.
11.5.11 For tests halted before rupture, elastic contraction

when the force was removed.
11.5.12 Test duration, to nearest 0.1 h for test durations of

100 h or less and to nearest 1.0 h for test durations over 100 h.
If test was discontinued then this shall be noted in report.

11.5.13 The average ambient temperature in the laboratory
during the duration of the test.

11.5.14 Average percent relative humidity during test dura-
tion.

11.5.15 Temperature excursions greater than allowable lim-
its. Report total number, maximum or minimum temperature
recorded, and duration of each.

11.6 The results of the creep test can be presented in several
ways. The manner in which they are presented will depend on
the reason for running the creep test.

11.6.1 Strain—A plot on Cartesian coordinates of total
strain versus time and a plot of creep versus time on logarith-
mic coordinates are convenient methods of showing the
following items. If tabular presentation is required, the plots
may be omitted.

11.6.2 Time to nearest 0.1 h for strains occurring at 100 h
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,
0.1, 0.2, 0.5, 1.0, 2.0, and 5.0 %.

11.6.3 If the test was continued into the tertiary creep stage:
(1) minimum creep rate (%) per hour, (2) strain at intercept of
the tangent at minimum creep rate with the strain axis at zero
time (Cartesian coordinates), (3) time at the start of secondary
creep, and (4) time at the end of secondary creep.

11.6.4 Total plastic strain, and time to nearest 0.1 h for test
durations of 100 h or less and to nearest 1.0 h for test durations
over 100 h at the termination of the test.

11.6.5 Method of correcting for fillet strain if the extensom-
eter was not attached to the reduced section of the specimen.

11.7 Additional Reported Information for Stress Rupture/
Creep Rupture/Creep Tests—Report deviations from the rec-
ommended method or unusual circumstances not specified by
the method. Examples follow:

11.7.1 Media other than air at atmosphere pressure sur-
rounding the specimen.

11.7.2 Time at temperature before force application, and if
possible, the time to reach test temperature and soak time.

11.7.3 Rate of force application and removal.
11.7.4 Times at which force was removed during the test.
11.7.5 Values from Isothermal Curves—When a series of

tests at the same temperature is reported, the following items
which can be determined without extrapolating more than ten
times shall be reported. No extrapolation to shorter times
should be made.

11.7.6 Stress for minimum creep rates of 0.01, 0.001,
0.0001, and 0.00001 % ⁄h.

NOTE 15—It is recognized that rarely will all of the information
requested in 11.3 – 11.13.5 be obtained. However, much of these data are
readily available and should be included in the report. The data listed are
the type of data published in the various ASTM Special Technical
Publications which summarize the properties of alloys at high tempera-
tures.

11.8 Additional Information in Laboratory Record—The
following additional information should be retained and made
available on request:

11.8.1 The specimen or a record of its disposition,
11.8.2 Chemical composition,
11.8.3 Type of melting used to produce the alloy,
11.8.4 Size of the heat,
11.8.5 Deoxidation practices,
11.8.6 Form and size—bar, sheet, castings, etc.,
11.8.7 Fabrication history of material,
11.8.8 Microstructure,
11.8.9 Grain size,
11.8.10 Hardness, and
11.8.11 Short-time tensile properties at room temperature

and at the creep- or rupture-test temperature if available and
should include: tensile strength, yield strength for 0.1 % and
0.2 % offset, elongation and reduction in area.

11.9 Information on Machine:
11.9.1 Make, model, and capacity of testing machine,
11.9.2 Identifying number, and
11.9.3 Weights and lever ratio used.

11.10 Extensometer Information:
11.10.1 Identifying number and latest calibration report, and
11.10.2 Make and class of extensometer, distance between

and location of attachment points (reduced section, shoulders,
or holders), extensometer gage length used (if not attached to
reduced section).

11.11 Information on Temperature Measuring Equipment:
11.11.1 Make and model of temperature measuring

instrument,
11.11.2 Make and model of temperature controller, and
11.11.3 Number of thermocouples. Thermocouple material,

wire size, attachment technique, shielding, and calibration
record.

11.12 Information in the Test Log:
11.12.1 The frequency and amplitude of temperature cy-

cling before application of force,
11.12.2 Date and time of day of each observation of

extension and test temperature, and
11.12.3 Type of surface (machined, as cast, as rolled).

11.13 Other Dimensions:
11.13.1 Fillet radius,
11.13.2 Diameter or width and thickness at shoulders,
11.13.3 Type of grip (threaded, pinned, shouldered, and so

forth) and whether machined or as cast, and
11.13.4 Overall length of specimen (if used (not recom-

mended)).
11.13.5 Elongation (%) from overall measurements based

on adjusted gage length (not recommended).
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12. Precision and Bias

12.1 Precision—The precision of the measurement of time
for rupture varies with the test conditions such as temperature,
material, and stress. It cannot be reduced to a single number.
This variation is shown by the values in Table 1 for several
conditions that have been extensively tested. Time for rupture,
time for a specified strain, and reduction of area were found to
be normally distributed when the logarithm of the quantities
were plotted. Thus, the expected relationship between two tests
of the same batch is defined in terms of the ratios of the times.
On the other hand, elongation values were found to be
normally distributed without conversion to logarithms.
However, the relationship of two tests of the same batch were
converted to ratio form in order to be compared directly to the
other quantities. The standard deviations were given for the
logarithm of the quantity or the quantity itself depending on
which measure was originally reported.

12.2 In test method statistical terminology, bias is the
difference between an average test value determined by the
method and the reference or true test value, usually determined
by other, more precise methods of measurement. Reference
values, so determined, do not exist for creep and rupture tests
since the values of the test properties are a function of the test
method. Bias, therefore, cannot be determined.

12.3 The property variation of the materials tested has a
greater effect on the measured results than the inaccuracies in
the test method (11, 14).

13. Keywords

13.1 creep; creep rate; creep-rupture; elongation; gage di-
ameter; gage length; original cross sectional area; plastic strain;
reduction of area; relative humidity; strain; stress; stress
rupture; temperature; test time; thermocouples

TABLE 1 Variability of Measured Properties

Variability of Measured PropertiesA

Reference Material
Time for

Rupture, h
Temp. °C

(°F)
Rupture

Time
RA Elongation MCRB

Time to total strain

0.5 % 1.0 % 2.0 %

(11)C 2S Aluminum
0.1 to 62

482
(900)

0.146
(2.6)

0.088
(1.7)

7.0 %D

(2.6)

(12)E 304 stainless
steel

100
732

(1350)
11 %
(1.4)

0.041
(1.3)

11.5 %
(1.4)

0.073
(1.6)

(13)F, G 304 stainless
steel

114
732

(1350)
16 %
(1.6)

0.039
(1.3)

15.3 %
(1.6)D

(14)H Nimonic 105 48 to 1250 900
(1652)

0.055
(1.4)

12.9 %
(1.4)

23.4 %
(1.9)

0.127
(2.3)

0.081
(1.7)

0.060
(1.5)

(15)I AK4-1
aluminnum

40 to 240 175
(347)

0.20J

(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 E177 states that this ratio will be exceeded for 5 % of all random pairs.
B Minimum creep rate.
C Test in one laboratory, no special selection of material indicated.
D 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.
G 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.
I Tested in a single laboratory. No special preparation of material indicated.
J Scaled from probability plot.
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SUMMARY OF CHANGES

Committee E28 has identified the location of selected changes to this standard since the last issue (E139–06)
that may impact the use of this standard. (Approved June 1, 2011.)

(1) Military standard, MIL-STD-120 was removed from Sec-
tion 2.
(2) Section 7.1 was revised.
(3) Reference (2) was revised.

(4) References (6, 7, 8, 15, and 13) were corrected.
(5) Table 1 was reformatted and its references were corrected,
including the addition of Reference (13) from a previous
version of E139.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

E139 − 11

14

 


