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INTERNATIONAL

Standard Practice for

Compression Tests of Metallic Materials at Elevated
Temperatures with Conventional or Rapid Heating Rates

and Strain Rates’

This standard is issued under the fixed designation E209; 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.

1. Scope

1.1 This practice covers compression test in which the
specimen is heated to a constant and uniform temperature and
held at temperature while an axial force is applied at a
controlled rate of strain.

1.2 In metals with extremely high proportional limit or low
modulus of elasticity, 1.5 % total strain under load could be
reached before the 0.2 %-offset yield strength is reached. In
this event the end point of the test may be reported as the 0.2
percent-offset yield strength unless rupture occurs before that
point.

1.3 For acceptable compression tests it is imperative that the
specimens not buckle before the end point 1s reached. For this
reason the equipment and procedures shall be designed to
maintain uniform loading and axial alignment.

1.4 Preferred conditions of testing are recommended so that
data from different sources conducting the tests will be
comparable.

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, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.7 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Commiitee.

' This practice is under the jurisdiction of ASTM Committee E28 on Mechanical
Testing and 15 the direct responsibility of Subcommuttee E28.04 on Unmiaxial Testing.

Current editton approved Feb. 1, 2018 Published March 2018. Ornginally
approved 1n 1963. Last previous edition, approved 1n 2010 as E209- 002010). DOI:
10.1520/E0209-18.

2. Referenced Documents

2.1 ASTM Standards:”

E4 Practices for Force Verification of Testing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E9 Test Methods of Compression Testing of Metallic Mate-
rials at Room Temperature

E21 Test Methods for Elevated Temperature Tension Tests of
Metallic Materials

E83 Practice for Verification and Classification of Exten-
someter Systems

3. Apparatus

3.1 Testing Machines—Machines used for compression test-
ing shall conform to the requirements of Practices E4.

3.2 Bearing Blocks and Loading Adapters—I.oad both ends
of the compression specimens through bearing blocks or
through pin-type adapters that are part of the compression-
testing assembly. Bearing blocks may be designed with flat
bearing faces for sheet- or bar-type specimens. Sheet speci-
mens may also be loaded through pin-type adapters that are
clamped rigidly to the grip sections of specimens designed for
these adapters (1).” The main requirement is that the method of
applying the force be consistent with maintaining axial align-
ment and uniform loading on the specimen throughout the test.
When bearing blocks with flat faces are used, the load-bearing
surfaces should be smooth and parallel within very close limits.
The tolerance for parallelism for these surfaces should be equal
to or closer than that specified for the loaded ends of the
specimens. The design of the equipment should provide
adequate rigidity so that parallelism is maintained during
heating and loading. The bearing blocks or pin-type adapters
should be made of a material that is sufficiently hard at the
testing temperature to resist plastic indentation at maximum
force. They should also be of a material or coated with a
material that is sufficiently oxidation resistant at the maximum

* 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 intformation, refer to the standard’s Document Summary page on
the ASTM website.

% Boldface numbers in parentheses refer to references at the end of this practice.
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testing temperature to prevent the formation of an oxide
coating that would cause misalignment. In any compression
test it is important that the specimen be carefully centered with
respect to the bearing blocks, which in turn should be centered
with respect to the testing machine heads.

NoTte 1—Bearing blocks with straight cylindrical or threaded holes
depending on specimen design may be used for bar-type specimens
providing the apparatus qualifies in accordance with Section 10.

Note 2—Bearing blocks of an adjustable type to provide parallel
loading surfaces are discussed in Test Methods EY. Bearing blocks with a
spherical seat for the upper block are also shown.

3.3 Subpresses—A subpress or other alignment device 1s
necessary in order to maintain suitable alignment when testing
specimens that are not laterally supported, unless the testing
machine has been designed specifically for axial alignment and
uniform application of force in elevated-temperature compres-
sion testing. A subpress tor room-temperature testing 1s shown
in Test Methods E9. For elevated-temperature compression
testing, the subpress must accommodate the heating and
loading devices and the temperature-sensing elements. The
design of the subpress is largely dependent on the size and
strength of the specimens, the temperatures to be used, the
environment, and other factors. It must be designed so the ram
does not jam or tilt the frame as a result of heating or
application of force. If the bearing faces of the subpress, the
opposite faces of both bearing blocks, and the ends of the
specimen are respectively plane and parallel within very close
limits, it 1s unnecessary to use adjustable or spherical seats. In
any case, the specimen should be properly centered in the
subpress.

3.4 Compression Testing Jigs—When testing sheet material,
buckling of the specimen during application of compessive
forces must be prevented. This may be accomplished by using
a jig containing side-support plates that bear against the faces
of the specimen. The jig must afford a suitable combination of
lateral-support pressure and spring constant to prevent buck-
ling without interfering with axial deformation of the specimen
(1). Although suitable combinations vary somewhat with
variations 1n specimen material and thickness, testing
temperature, and accuracy of alignment, acceptable results can
be obtained with rather wide ranges of lateral-support pressure
and spring constant for any given test conditions. Generally,
the higher the spring constant of the jig, the lower the
lateral-support pressure that is required. Proper adjustment of
these test variables may be established in preliminary verifi-
cation tests for the equipment (Section 10).

3.4.1 This practice does not intend to designate specific
compression jigs for testing sheet metals, but merely to provide
a few illustrations and references to jigs that have been used
successfully. Many other jigs are acceptable provided they
prevent buckling and pass the qualification tests set forth in
Section 10. Satisfactory results have been obtained in room-
temperature testing using the jigs illustrated in Test Methods
E9. These jigs usually require that the specimen be lubricated
to permit normal compression on loading. For elevated-
temperature testing, modified jigs that accommodate the heat-
ing and strain-measuring equipment as well as the temperature-
sensing elements must be used. A number of compression-

testing jigs have been evaluated specifically for performance in
elevated-temperature tests (2, 3). The preferred type depends
on the material, its thickness, and the temperatures involved.
For moderately elevated temperatures, one of the room-
temperature designs may be used in an oven in which the air is
circulated to provide uniform heating. One design for side-
support plates that has been found satisfactory for use at
temperatures up to 1000 °F (538 °C) when lubricated with
graphite 1s shown in Fig. 1(a) (4). Longitudinal grooves are cut
in each plate with the grooves offset across the thickness of the
specimen. These plates are made of titanium carbide. A type of
side-support plate that has been used in compression jigs to
1800 °F (982 °C) is shown in Fig. 1(b) (4). This is an assembly
of small titanium carbide balls backed up by a titanium carbide
plate. The balls protrude through holes in the front retaining
plate. The holes for the balls are large enough to allow rotation
and translation of each ball while at the same time retaining the
balls in the plate assembly. The spacing of the balls, which is
normally about s . (3.2 mm), determines the minimum
specimen thickness that can be tested without buckling be-
tween the balls. Rational values of the ball spacing can be
obtained from calculations based upon the plastic buckling of
simply supported plates where the plate width can be taken as
the ball spacing. Another type of jig has a number of leaf-
spring supports on each side of the specimen (3, 5). This design
1s limited to a temperature range in which the metal leaf-spring
elements can support the specimen satisfactorily. Jigs for use
with specimens that are heated by self resistance are discussed
in (1, 6) and (7), which also provide quantitative information
on the effects of lubrication, lateral-support pressure, spring
constant, and misalignment.

3.4.2 The side-support plates are assembled in a frame that
is part of the jig. A typical frame and jig assembly is shown in
Fig. 2. A furnace 1s placed around the jig after the specimen and
extensometer are assembled 1n the jig. The holes in the support
blocks are for auxiliary cartridge-type heaters.

4. Significance and Use

4.1 Significance—The data obtained from a compression
test may include the yield strength, the yield point, Young’s
modulus, the stress-strain curve, and the compressive strength
(see Terminology E6). In the case of a material that does not
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FIG. 1 Specimen Side Support Plates (4)
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FIG. 2 Typical Compression Testing Jig for Sheet Specimens
Mounted on Support Jig (3)

fail in compression by a shattering fracture, compressive
strength 18 a value that i1s dependent on total strain and
specimen geometry.

4.2 Use—Compressive properties are of interest in the
analyses of structures subject to compressive or bending loads
or both and in the analyses of metal working and fabrication
processes that involve large compressive deformation such as
forging and rolling. For brittle or nonductile metals that
fracture in tension at stresses below the yield strength, com-
pression tests offer the possibility of extending the strain range
of the stress-strain data. While the compression test is not
complicated by necking as is the tension test for certain

E.A. |-— G.L.A—I E.A.

metallic materials, buckling and barreling can complicate
results and should be minimized

5. Heating Apparatus

5.1 The apparatus and method for heating the specimens are
not specified, but in present practice the following are mainly
used.

5.1.1 The resistance of the specimen gage length to the
passage of an electric current,

5.1.2 Resistance heating supplemented by radiant heating,

5.1.3 Radiant heating,

5.1.4 Induction heating, or

5.1.5 Convection heating with circulating-air furnace.

5.2 The apparatus must be suitable for heating the specimen
under the conditions specified in Section 6.

6. Test Specimen

6.1 The size and shape of the test specimen should be based
on three requirements as follows:

6.1.1 The specimen should be representative of the material
being investigated and should be taken from the material
produced in the form and condition in which it will be used,

6.1.2 The specimen should be adapted to meet the require-
ments on temperature control and rates of heating and
straining, and

6.1.3 The specimen should be conducive to the maintenance
of axial alignment uniform application of force, and freedom
from buckling when loaded to the end point in the apparatus
used.

6.2 The specimens are divided into two general classifica-
tions: those with rectangular cross sections and those with
round cross sections. The dimensions of the specimens are
optional. The specimen must be long enough to be compressed
to the required deformation without interference from a sup-
porting jig but not long enough to permit buckling where 1t 1s
unsupported. The end allowance (dimension between the gage
points and the adjacent end of the uniform section) should be
a minimum of one half the width of rectangular specimens or
one half the diameter of round specimens. Typical acceptable
specimens are illustrated in Fig. 3 and Fig. 4.

—p=| |=— Thickness

!
+

e L -
Dimensions

Specimen 1 Specimen 2 Specimen 3
G.L.—Gage Length, in. {(mm) 1.000 + 0.005 2.000 + 0.005 2.000 + 0.005

(254 + 0.13) (50.8 + 0.13) (50.8 + 0.13)
L—Uniform Section, in. (mm) 2.500 + 0.005 3.000 + 0.005 2.50 min

(63.5 £ 0.13) (76.2 £ 0.13) (63.5)
W—Width, in. (mm) 0.625 + 0.010 1.000 £ 0.010 0.500 £ 0.010

(15.9 £ 0.25) (25.4 + 0.25) (12.7 £ 0.25)
E.A—End Allowance, in. (mm) 0.75 (19) 0.50 (12.7) 0.25 min (6.35)

FIG. 3 Dimensions of Typical Rectangular Specimens

Lk
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Dimensions

Specimen 1 Specimen 2 Specimen 3
G.L.—Gage Length, in. 1.000 = 0.005 2.000 = 0.005 1.000 £ 0.005

(25.4 £ 0.13) (50.8 £ 0.13) (25.4 + 0.13)
L—Uniform Section, in. 1.500 = 0.005 3.375 £ 0.05 1.500 £ 0.005

(38.1 £ 0.13) (85.8 = 1.27) (38.1 = 0.13)
D—Diameter, in. 0.500 « 0.010 1.125 + 0.010 0.375 £ 0.010

(12.7 £ 0.25) (28.6 + 0.25) (9.5 + 0.25)
E.A—End Allowance, in. 0.25 (6.35) 0.69 (17.5) 0.25 (6.35)

NoTe |—Specimen 3, because of its smaller diameter, 1s especially suitable for tests in which rapid heating is desired.
FIG. 4 Dimensions of Typical Round Specimens

6.3 When the dimensions of the test material permit, round
specimens should be used. Round specimens should be de-
signed to be free from buckling up to the end point of the test
without lateral support. Rectangular specimens up to 0.250 in.
(6.35 mm) thick normally require lateral support; with greater
thicknesses lateral support may not be required in well-aligned
equipment. The methods covered by this specification are
normally satisfactory for testing sheet specimens down to
0.020 in. (0.51 mm) thick. With smaller thicknesses inaccura-
cies resulting from buckling and nonuniform straining tend to
increase; consequently, extra care in the design, construction,
and use of the test equipment is required to obtain valid results
for specimens in this thickness range. All compression speci-
mens should be examined after they are tested; any evidence of
buckling invalidates the results for that specimen.

6.4 The width and thickness of rectangular specimens and
diameter of round specimens at any point in the gage length
should not vary from the average by more than 0.001 in. (0.025
mm) for dimensions up to | in. (25.4 mm) or by more than
0.1 % for dimensions above 1 in.

6.5 The ends of end-loaded specimens should be parallel
within 0.00025 in. (0.0064 mm) for widths, thicknesses, and
diameters up to Y2 in. (12,7 mm) and within 0.05 percent for
widths, thicknesses, and diameters above %2 in. (12.7 mm). The
ends of end-loaded specimens should be perpendicular to the
sides within %4 of a degree. All machined surfaces should have
an average surface finish of 63 pin. or better. Rectangular
specimens should have a width of material, equal to at least the
thickness of the specimen, machined from all sheared or
stamped edges.

6.6 Shouldered specimens may be used in lieu of specimens
with uniform width or diameter, provided the method of
applying force 1s consistent with requirements of axial
alignment, uniform application of force, and freedom from
buckling.

6.7 The surfaces of the rectangular specimens in contact
with the supporting jig should be lubricated to reduce friction.
The lubricant should have negligible reaction with the surface
of the specimen for the test temperature and time chosen and

should retain its lubricating properties for the duration of the
test. Molybdenum disulfide and graphite are examples of
lubricants that are used.

6.8 Specimen dimensions above 0,100 in. (2.54 mm) should
be measured to the nearest 0.001 in. (0.025 mm) or less;
dimensions under 0.100 in. (2.54 mm) should be measured to
the nearest 1 % or less. The average cross-sectional area of the
gage length should be used for calculation of stress.

7. Temperature Control

7.1 Conventional Heating—When a conventional-heating
rate 1s desired, variations in indicated temperature within the
gage length of the specimen should not exceed the following
limits during a test:

Allowable
Variation, °F
(°C). plus
Test Temperature and minus
Up to and including 1800 °F (982 °C) 5 (3)
Over 1800 °F (982 °C) up to and including 2800 °F (1538 °C) 10 (5.5)
Over 2800 °F (1538 °C) up to and including 3500 °F (1927 °C) 20 (11)
Over 3500 °F (1927 °C) 35 (19.5)

The time of heating and holding prior to the start of the
stressing should be governed by the time necessary to ensure
that the temperatures can be maintained as specified. If
compression tests are being made as the counterpart to tension
test under Practice E21, the heating time and holding time in
both types of tests should be the same. The heating and holding
time actually used should be reported.

7.2 Rapid Heating—When a rapid heating rate is desired,
the preferred conditions for heating the gage length of the
specimen are as follows:

7.2.1 Sixty seconds or less to heat to the indicated nominal
test temperature, and

7.2.2 Holding time at the indicated nominal test temperature
before applying the force equal to the heating time.

7.2.3 The indicated control temperature of the specimen
should not vary more than =10 °F (3.5 °C) from the nominal



{il¥ E200 - 18

test temperature up to and including 1000 °F (538 °C) and not
more than *1.0 % of the nominal test temperature above
1000°F (538 °C). The uniformity of temperature within the
specimen gage length should be within + 10 °F (+5.5 °C)
and — 20 °F (=11 °C) of the nominal test temperature up to and
including 1000 °F (538 °C) and within + 1.0 % and — 2.0 % of
the nominal test temperature above 1000 °F (538 °C).

Note 3—It is recognized that true temperatures will vary more than the
indicated temperatures. The permissible indicated temperature variations
specified in 7.1 and 7.2 are not to be construed as minimizing the
importance of good pyrometry practice and accurate temperature control
in these tests. All laboratories are obligated to keep both indicated and true
temperature variations as small as practicable. In view of the extreme
dependency of strength of materials on temperature, close temperature
control 15 necessary. The limits prescribed represent ranges that are
common practice. For further information on pyrometric practices refer-
ence should be made to the “Panel Discussion on Pyrometric Prac-
tices.” (8).

7.3 In rapid-heating tests a maximum overshoot in the
indicated temperature during the heating and holding period of
20 °F (11 °C) or 2.0 % of the nominal test temperature,
whichever is greater, is allowed for a time not exceeding 30 s.
The overshoot limitation permits a larger temperature variation
for a 30-s period prior to testing than permitted for
conventional-heating tests, for which no overshoot in tempera-
ture beyond the allowable variations in 7.1 is allowed.

7.4 Conditions of heating to and holding at nominal test
temperature as specified in 7.1 through 7.3 are preferred to
facilitate comparison of data between laboratories. The thermal
history given material during testing should be accurately
reported, particularly when equipment limitations or simulated
service testing cause deviations from the requirements of this
practice.

7.5 The “indicated nominal temperature” and “indicated
temperatures” as used in the above paragraphs are temperatures
indicated by the temperature-measuring instrument with good
pyrometric practice.

8. Temperature Measurement

8.1 Observe the following minimum precautions when ther-
mocouples are used for temperature measurements:

8.1.1 Use small-diameter wires where heat conduction
along the couples might cause excessive heat loss as, for
example, where self-resistant heating is employed. In this
method 36-gauge wire has been found satisfactory.

8.1.2 Keep the hot junction of the thermocouple in direct
contact with the test section of the specimen. In the case of
rapid-heating tests, fast response 1s required, and the preferred
method of attaching the thermocouples to the gage section 1s
capacitance welding. The proper power settings should be used
in order to minimize any undesirable metallurgical changes at
the attachment points.

8.1.3 Where radiant means of heating are used, shield the
thermocouple hot junction from direct radiation by the heating
elements in order to prevent erroneous high readings.

8.1.4 Where electrical self-resistance heating 1s used, exer-
cise care to ensure that there is no superimposed voltage pickup
by the couples.

8.1.5 Use certified or otherwise calibrated thermocouple
wires for all tests. The calibration of a thermocouple may
change with age or after exposure to extreme temperatures.
Also, noble-metal thermocouples are easily contaminated.
Make frequent checks to ensure thermocouple accuracy. In the
case of base-metal thermocouples, clipping back the heated
portion is generally more convenient than recalibration.

8.2 Methods other than thermocouples may be used for
measuring temperature provided it can be demonstrated that
they meet the requirements of Section 7. Temperature mea-
surements with optical and radiation methods, for example,
must be corrected for deviations in specimen emissivity from
1.0 in determining the indicated specimen temperature.

8.3 All equipment used for measuring , controlling and
recording tempertatures, should be verified and if necessary
calibrated against a standard periodically. Lead-wire error
should also be checked witht the load wires in place as they are
normally used.

9. Strain Rate During Test

9.1 Apply the force to the specimen to obtain uniform rates
of straining as specified in 9.2 and 9.3. Start the application of
the load at the end of the holding time at the specified test
temperature.

9.2 Conventional Strain Rate—When a normal rate of
straining is desired after conventional or rapid heating, use a
strain rate of (0.005 = 0.002) in./in./min ((0.005 = 0.002)
mm/mm/min) from the start of loading to the end point of the
test.

9.3 Rapid Strain Rate—When a rapid strain rate 1s desired
after conventional or rapid heating, use a strain rate of (0.5 =
0.2) in./in./min ((0.5 = 0.2) mm/mm/min) from the start of
loading to the end point of the test. Since some ordinary test
equipment is not designed for rapid strain rates, precautions
should be taken to ensure that equipment used at rapid strain
rates is accurate at these rates.

9.4 When possible, use strain-pacing equipment, an auto-
matic feed-back system, or other equivalent means to obtain a
constant strain rate. If such equipment is not available, main-
tain a constant crosshead speed to obtain the desired average
strain rate from the start of loading to the end point of the test.
The average strain rate can be determined from a time-interval-
marked force-strain record, a time-strain graph, or from a
stop-watch measurement of time from the start of loading to
the end point of the test. It should be recognized that the use of
machines with constant rate of crosshead movement does not
ensure constant strain rate throughout a test.

9.5 The preferred rates of straining are those specified in 9.2
and 9.3 to facilitate comparison of data between laboratories. It
1s further recommended that, when a faster rate of straining is
desired, the rate be (5.0 = 2.0) in/in./min (5.0 = 2.0)
mm/mm/min). It is recommended that other rates of straining
be confined to those cases where special application of the data
or material properties requires intermediate rates. Report the
strain rate used with test results.
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10. Strain Measurement

10.1 Record the stress-strain diagram up to the end point of
the test; prolonging the test beyond the end point defined in
Section | is optional.

10.2 Use an extensometer of Class B-2 or better as de-
scribed 1n Practice E83, Verification and Classification of
Extensometers.

Note 4—A discussion of the importance of strain-measuring systems
used with compression jigs is described in (2).

10.3 Attach the extensometer directly to the gage length of
the specimen. No restrictions are placed on the method of
attachment except that it should not affect the properties, and
the extensometer should remain fixed to the gage length
without any slippage. Attachment of the extensometer to any
other part of the specimen or apparatus is not recommended,
but when such attachment 1s necessary, it must be accompanied
by proof that adequate corrections were used to compensate for
the strain that occurred outside the gage length, and the method
of attachment and location should be shown.

10.4 The strain should be measured as opposite sides of the
specimen and averaged to give center-line strain.

10.5 Verify the extensometer for sensitivity and accuracy in
accordance with Practice E83. The extensometer should fulfill
the requirements for the class of extensometer specified in 10.2
at room temperature. Pending the availability of standard
methods of calibration at elevated temperatures, exercise care
to be sure that the extensometer maintains calibration as the
temperature of the specimen 1s increased to the test temperature
and during the test. This requires that those parts of the
extensometer that would be affected by the heat of the
specimen be shielded from temperature changes during the
test.

10.6 When rapid strain rates are used during a test, the
extensometer must be verified to have a rate of response
adequate to measure strain to the limits required in Section 8.

Note 3—The forces applied by the extensometer to the specimen may
introduce errors in the stress-strain data for small specimens or for tests at
very high temperatures where the strength of the specimens is low. In such
tests, counterbalancing or other mechanical arrangements should be used
to minimize the forces and bending moments introduced by the exten-
someter. The use of calculated corrections for the force of the extensom-
eter is the least preferred method for correcting this type of error. For tests
where the load of the extensometer is significant, the report of the test
results should show the method of correction used.

11. Qualification of Test Apparatus

11.1 The complete compression-test system consisting of
jig, strain instrument, and recorders should be qualified, in
accordance with 11.2 — 11.5, by each of the personnel assigned
to conduct test programs.

11.2 At room temperature, conduct tests to the proportional
limit on five different specimens of 2024-T3 aluminum alloy to
establish the elastic modulus during both the application and

removal of forces. If each of the modulus values so determined
falls within 10.7 x 10° psi (7.38 x 10* MPa) *5 %, the
compression-testing technique qualifies for room-temperature
operation.

11.3 At elevated temperatures starting at 400 °F (204 °C)
and in 400 °F (204 °C) increments to the maximum use
temperature, determine the modulus of elasticity in tension for
three specimens at each temperature both loading and unload-
ing using an alloy with distinct elastic properties at each
temperature. Conduct identical tests in compression using the
compression test technique. If the compression moduli from
consecutive specimens fall within =5 % of the average tension
modulus, the technique qualifies for operation to the maximum
temperature successfully reached in this procedure.

11.4 The qualification procedure should be carried out on
the thinnest rectangular specimens or smallest diameter round
specimens to be tested in the system being qualified.

11.5 If the compression-test technique qualifies at room
temperature and at each test temperature in 400 °F (204 °C)
increments to the maximum use temperature, it shall be
considered satisfactory for tests at any intermediate tempera-
ture in the room-temperature to the maximum-use-temperature
range, provided that all conditions are maintained constant
thereafter.

12. Report

12.1 Report the following minimum information for each
test:

12.1.1 Indicated test temperature, heating rate, holding time
at test temperature, and strain rate, and

12.1.2 The 0.2 %-offset compressive yield strength as de-
termined from the stress-strain curve.

12.2 Report the following additional information when
needed for design or other purposes:

12.2.1 Compressive modulus of elasticity,

12.2.2 Compressive yield strength at other amounts of offset
up to the end point of the test,

12.2.3 Copy of stress-strain curve,

12.2.4 Drop-of-beam yield point if such a yield point
occurs,

12.2.5 Tangent modulus as a function of stress, and

12.2.6 Secant modulus as a function of stress.

12.3 The following information essential to the interpreta-
tion of the results should also be given:

12.3.1 Description of the material tested and the orientation
of the specimen with respect to the test material,

12.3.2 Nominal size and type of specimen used including
machining methods and any special techniques to control
surface finish,

12.3.3 Type of test apparatus and method of heating, and

12.3.4 Accuracy of apparatus.

12.4 Any deviations from the preferred or specified condi-
tions of testing should be indicated with the results of the tests.
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