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Standard Test Methods and Definitions for

Mechanical Testing of Steel Products *

This standard is issued under the fixed designation A370; 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 epsilonej indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 These test methotisover procedures and definitions for the mechanical testing of steels, stainless steels, and related alloys.
The various mechanical tests herein described are used to determine properties required in the product specifications. Variatior
in testing methods are to be avoided, and standard methods of testing are to be followed to obtain reproducible and comparabl
results. In those cases in which the testing requirements for certain products are unique or at variance with these genera
procedures, the product specification testing requirements shall control.

1.2 The following mechanical tests are described:

Sections
Fension —St13
Tension 6to 14
Bend 14
Bend 15
Hareress 15
Hardness 16
—Brinelt 16
Brinell 17
—Reekwell 17
Rockwell 18
—Portable 18
Portable 19
mpaet 19-t0-28
Impact 20 to 29
Keywords 29
Keywords 30
1.3 Annexes covering details peculiar to certain products are appended to these test methods as follows:
Annex
Bar Products Al.l
Tubular Products Annex A2
Fasteners Annex A3
Round Wire Products Annex A4
Significance of Notched-Bar Impact Testing Annex A5
Converting Percentage Elongation of Round Specimens to Annex A6
Equivalents for Flat Specimens
Testing Multi-Wire Strand Annex A7
Rounding of Test Data Annex A8
Methods for Testing Steel Reinforcing Bars Annex A9
Procedure for Use and Control of Heat-Cycle Simulation Annex A10

1.4 The values stated in inch-pound units are to be regarded as the standard.

1.5 When this document is referenced in a metric product specification, the yield and tensile values may be determined in
inch-pound (ksi) units then converted into SI (MPa) units. The elongation determined in inch-pound gauge lengths of 2 or 8 in.
may be reported in Sl unit gauge lengths of 50 or 200 mm, respectively, as applicable. Conversely, when this document is
referenced in an inch-pound product specification, the yield and tensile values may be determined in Sl units then converted intc

1 These test methods and definitions are under the jurisdiction of ASTM Commiteen Steel, Stainless Steel and Related Alloys and are the direct responsibility of
SubcommitteéA01.13 on Mechanical and Chemical Testing and Processing Methods of Steel Products and Processes.

Current edition approved-Mareh—15-20120ctober 15, 2012. Published-Mareh 2012November 2012. Originally approved in 1953. Last previous edition approved in
26312012 as-A376—Ha.A370 — 12. DOH-16-1520/A0370-12.10.1520/A0370-12a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specification SA-370 in Section |l of that Code.

*A Summary of Changes section appears at the end of this standard
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inch-pound units. The elongation determined in Sl unit gauge lengths of 50 or 200 mm may be reported in inch-pound gauge
lengths of 2 or 8 in., respectively, as applicable.

1.6 Attention is directed to ISO/IEC 17025 when there may be a need for information on criteria for evaluation of testing
laboratories.

1.7 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 appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:®

A623 Specification for Tin Mill Products, General Requirements

A623M Specification for Tin Mill Products, General Requirements [Metric]

A703/A703M Specification for Steel Castings, General Requirements, for Pressure-Containing Parts
A781/A781M Specification for Castings, Steel and Alloy, Common Requirements, for General Industrial Use
A833 Practice for Indentation Hardness of Metallic Materials by Comparison Hardness Testers

E4 Practices for Force Verification of Testing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E8/E8MTest Methods for Tension Testing of Metallic Materials

E10Test Method for Brinell Hardness of Metallic Materials

E18Test Methods for Rockwell Hardness of Metallic Materials

E23Test Methods for Notched Bar Impact Testing of Metallic Materials

E29Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications
E83Practice for Verification and Classification of Extensometer Systems

E110Test Method for Indentation Hardness of Metallic Materials by Portable Hardness Testers
E190Test Method for Guided Bend Test for Ductility of Welds

E290Test Methods for Bend Testing of Material for Ductility

2.2 ASVIE Document:*

ASME Boiler and Pressure Vessel Code, Section VIII, Division |, Part UG-8

2.3 1S0 Sandard:®

ISO/IEC 17025General Requirements for the Competence of Testing and Calibration Laboratories

3. Significance and Use

3.1 The primary use of these test methods is testing to determine the specified mechanical properties of steel, stainless steel ai
related alloy products for the evaluation of conformance of such products to a material specification under the jurisdiction of
ASTM Committee AO1 and its subcommittees as designated by a purchaser in a purchase order or contract.

3.1.1 These test methods may be and are used by other ASTM Committees and other standards writing bodies for the purpos
of conformance testing.

3.1.2 The material condition at the time of testing, sampling frequency, specimen location and orientation, reporting
requirements, and other test parameters are contained in the pertinent material specification or in a General Requiremer
Specification for the particular product form.

3.1.3 Some material specifications require the use of additional test methods not described herein; in such cases, the require
test method is described in that material specification or by reference to another appropriate test method standard.

3.2 These test methods are also suitable to be used for testing of steel, stainless steel and related alloy materials for othe
purposes, such as incoming material acceptance testing by the purchaser or evaluation of components after service exposure.

3.2.1 As with any mechanical testing, deviations from either specification limits or expected as-manufactured properties can
occur for valid reasons besides deficiency of the original as-fabricated product. These reasons include, but are not limited to:
subseguent service degradation from environmental exposure (for example, temperature, corrosion); static or cyclic service stres
effects, mechanically-induced damage, material inhomogeneity, anisotropic structure, natural aging of select alloys, further
processing not included in the specification, sampling limitations, and measuring equipment calibration uncertainty. There is
statistical variation in all aspects of mechanical testing and variations in test results from prior tests are expected. An understanding
of possible reasons for deviation from specified or expected test values should be applied in interpretation of test results.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astrrongalFRook of ASTM Sandards
volume information, refer to the standard’s Document Summary page on the ASTM website.

4 Available from American Society of Mechanical Engineers (ASME), ASME International Headquarters, Three Park Ave., New York, NY 10016-5990.

5 Available from American National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036, http://www.ansi.org.
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4. General Precautions

4.1 Certain methods of fabrication, such as bending, forming, and welding, or operations involving heating, may affect the
properties of the material under test. Therefore, the product specifications cover the stage of manufacture at which mechanice
testing is to be performed. The properties shown by testing prior to fabrication may not necessarily be representative of the produc
after it has been completely fabricated.

assure goc

4.3 Flaws in the specimen may also affect results. If any test specimen develops flaws, the retest provision of the applicable
product specification shall govern.

4.4 If any test specimen fails because of mechanical reasons such as failure of testing equipment or improper specimer
preparation, it may be discarded and another specimen taken.

5. Orientation of Test Specimens

5.1 The terms “longitudinal test” and “transverse test” are used only in material specifications for wrought products and are not
applicable to castings. When such reference is made to a test coupon or test specimen, the following definitions apply:

5.1.1 Longitudinal Test, unless specifically defined otherwise, signifies that the lengthwise axis of the specimen is parallel to the
direction of the greatest extension of the steel during rolling or forging. The stress applied to a longitudinal tension test specimen
is in the direction of the greatest extension, and the axis of the fold of a longitudinal bend test specimen is at right angles to the
direction of greatest extensiofif. 1, Fig. 2a, and 2b).

5.1.2 Transverse Test, unless specifically defined otherwise, signifies that the lengthwise axis of the specimen is at right angles
to the direction of the greatest extension of the steel during rolling or forging. The stress applied to a transverse tension test
specimen is at right angles to the greatest extension, and the axis of the fold of a transverse bend test specimen is parallel to tf
greatest extensior{g. 1).

5.2 The terms “radial test” and “tangential test” are used in material specifications for some wrought circular products and are
not applicable to castings. When such reference is made to a test coupon or test specimen, the following definitions apply:

5.2.1 Radial Test, unless specifically defined otherwise, signifies that the lengthwise axis of the specimen is perpendicular to the
axis of the product and coincident with one of the radii of a circle drawn with a point on the axis of the product as a-égnter (
2a).

5.2.2 Tangential Test, unless specifically defined otherwise, signifies that the lengthwise axis of the specimen is perpendicular
to a plane containing the axis of the product and tangent to a circle drawn with a point on the axis of the product asFigenter (
2a, 2b, 2c, and 2d).

LONGITUDINAL SPECIMEN

LONGITUBINAL FLAT TENSION TEST

LONGITUDINAL ROUND TENSION TEST

LONGITUDINAL
BEND TEST

~— INDICATES ROLLING DIRECTION

LONGITUDINAL
IMPACT TEST

TRANSVERSE SPECIMEN
TRANSVERSE FLAT
TRANSVERSE
BEND TEST
TRANSVERSE

IMPACT TEST

FIG. 1 The Relation of Test Coupons and Test Specimens to Rolling Direction or Extension (Applicable to General Wrought Products)
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FIG. 2 Location of Longitudinal Tension Test Specimens in Rings Cut from Tubular Products

TENSION TEST

6. Description

6.1 The tension test related to the mechanical testing of steel products subjects a machined or full-section specimen of the
material under examination to a measured load sufficient to cause rupture. The resulting properties sought are defined ir
TerminologyE6.

6.2 In general, the testing equipment and methods are given in Test M&fBJE8M. However, there are certain exceptions
to Test Method€=8/E8M practices in the testing of steel, and these are covered in these test methods.
7. Terminology

7.1 For definitions of terms pertaining to tension testing, including tensile strength, yield point, yield strength, elongation, and
reduction of area, reference should be made to Terminokgyy
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8. Testing Apparatus and Operations

8.1 Loading Systems—There are two general types of loading systems, mechanical (screw power) and hydraulic. These differ
chiefly in the variability of the rate of load application. The older screw power machines are limited to a small number of fixed
free running crosshead speeds. Some modern screw power machines, and all hydraulic machines permit stepless variatic
throughout the range of speeds.

8.2 The tension testing machine shall be maintained in good operating condition, used only in the proper loading range, and
calibrated periodically in accordance with the latest revision of Prackdes

Note 1—Many machines are equipped with stress-strain recorders for autographic plotting of stress-strain curves. It should be noted that some
recorders have a load measuring component entirely separate from the load indicator of the testing machine. Such recorders are calibrated separate

8.3 Loading—t is the function of the gripping or holding device of the testing machine to transmit the load from the heads of
the machine to the specimen under test. The essential requirement is that the load shall be transmitted axially. This implies tha
the centers of the action of the grips shall be in alignment, insofar as practicable, with the axis of the specimen at the beginning
and during the test and that bending or twisting be held to a minimum. For specimens with a reduced section, gripping of the
specimen shall be restricted to the grip section. In the case of certain sections tested in full size, nonaxial loading is unavoidable
and in such cases shall be permissible.

8.4 Seed of Testing—The speed of testing shall not be greater than that at which load and strain readings can be made
accurately. In production testing, speed of testing is commonly expresgad:térms of free running crosshead speed (rate of
movement of the crosshead of the testing machine when not under 1Bgith) t€rms of rate of separation of the two heads of the
testing machine under load3)(in terms of rate of stressing the specimen, 4riQ terms of rate of straining the specimen. The
following limitations on the speed of testing are recommended as adequate for most steel products:

Note 2—Tension tests using closed-loop machines (with feedback control of rate) should not be performed using load control, as this mode of testing
will result in acceleration of the crosshead upon yielding and elevation of the measured yield strength.

8.4.1 Any convenient speed of testing may be used up to one half the specified yield point or yield strength. When this point
is reached, the free-running rate of separation of the crossheads shall be adjusted so as not tGesircea min per inch of
reduced section, or the distance between the grips for test specimens not having reduced sections. This speed shall be maintain
through the yield point or yield strength. In determining the tensile strength, the free-running rate of separation of the heads shall
not exceedy2 in. per min per inch of reduced section, or the distance between the grips for test specimens not having reduced
sections. In any event, the minimum speed of testing shall not be les¥ihte specified maximum rates for determining yield
point or yield strength and tensile strength.

8.4.2 It shall be permissible to set the speed of the testing machine by adjusting the free running crosshead speed to the aboy
specified values, inasmuch as the rate of separation of heads under load at these machine settings is less than the specified val
of free running crosshead speed.

8.4.3 As an alternative, if the machine is equipped with a device to indicate the rate of loading, the speed of the machine from
half the specified yield point or yield strength through the yield point or yield strength may be adjusted so that the rate of stressing
does not exceed 100 000 psi (690 MPa)/min. However, the minimum rate of stressing shall not be less than 10 000 psi (70
MPa)/min.

9. Test Specimen Parameters

9.1 Selection—Test coupons shall be selected in accordance with the applicable product specifications.

9.1.1 Wrought Steels—Wrought steel products are usually tested in the longitudinal direction, but in some cases, where size
permits and the service justifies it, testing is in the transverse, radial, or tangential directiorgy(skand Fig. 2).

9.1.2 Forged Seels—For open die forgings, the metal for tension testing is usually provided by allowing extensions or
prolongations on one or both ends of the forgings, either on all or a representative number as provided by the applicable produc
specifications. Test specimens are normally taken at mid-radius. Certain product specifications permit the use of a representativ
bar or the destruction of a production part for test purposes. For ring or disk-like forgings test metal is provided by increasing the
diameter, thickness, or length of the forging. Upset disk or ring forgings, which are worked or extended by forging in a direction
perpendicular to the axis of the forging, usually have their principal extension along concentric circles and for such forgings
tangential tension specimens are obtained from extra metal on the periphery or end of the forging. For some forgings, such a:
rotors, radial tension tests are required. In such cases the specimens are cut or trepanned from specified locations.

9.2 Sze and Tolerances—Test specimens shall b&)(the full thieknress-er cross section-efmaterial-as-relled, materiak-er 2nay(
be ) machined to the form and dimensions showRigs. 3-Ginclusive: . The selection of size and type of specimen is prescribed
by the applicable product specification. Full cross section specimens shall be tested in 8-in. (200-mm) gauge length unless
otherwise specified in the product specification.

9.3 Procurement of Test Specimens—Specimens shall be extracted by any convenient method taking care to remove all
distorted, cold-worked, or heat-affected areas from the edges of the section used in evaluating the material. Specimens usually hay
a reduced cross section at mid-length to ensure uniform distribution of the stress over the cross section and localize the zone c
fracture.
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DIMENSIONS
Standard Specimens Subsize Specimen
Plate-Type,
1%2-in. (40-mm) Wide
8-in. (200-mm) 2-in. (50-mm) Sheet-Type, ¥2 . . -
Gauge Length Gauge Length in. (12.5-mm) Wide Ya-in. (6-mm) Wide
in. mm in. mm in. mm in. mm
—Netes1-and-2)
G—Gauge length 8.00 + 0.01 200+ 0.25 2.000 +0.005 50.0+0.10 2.000+0.005 50.0+0.10 1.000 + 0.003 25.0 + 0.08
(Notes 1 and 2)
W—Width 1% + Vs 40+ 3 1Y + Y 40+ 3 0.500 £ 0.010 125+ 0.25 0.250 £ 0.002  6.25 * 0.05
(Notes 3, 5, and 6) - Ya -6 - Ya -6
T—Thickness . .
(Note 7) Thickness of Material
R—Radius of fillet, min Y2 13 Yo 13 Ya 13 Ya 6
(Note 4)
L—Overall length, min 18 450 8 200 8 200 4 100
(Notes 2 and 8)
A—Length of 9 225 2Ya 60 2Ya 60 1Ya 32
reduced section, min
B—Length of grip section, min 3 75 2 50 2 50 1Ya 32
(Note 9)
C—Width of grip section, approxi- 2 50 2 50 Ya 20 FZ] 10
mate

(Notes 4, 10, and 11)

9.4 Aging of Test Specimens—Unless otherwise specified, it shall be permissible to age tension test specimens. The
time-temperature cycle employed must be such that the effects of previous processing will not be materially changed. It may be
accomplished by aging at room temperature 24 to 48 h, or in shorter time at moderately elevated temperatures by boiling in water
heating in oil or in an oven.

9.5 Measurement of Dimensions of Test Specimens:

9.5.1 Sandard Rectangular Tension Test Specimens—These forms of specimens are shownHig. 3. To determine the
cross-sectional area, the center width dimension shall be measured to the nearest 0.005 in. (0.13 mm) for the 8-in. (200-mm) gaug
length specimen and 0.001 in. (0.025 mm) for the 2-in. (50-mm) gauge length specifign3nThe center thickness dimension
shall be measured to the nearest 0.001 in. for both specimens.

9.5.2 Sandard Round Tension Test Soecimens—These forms of specimens are showrFig. 4 andFig. 5. To determine the
cross-sectional area, the diameter shall be measured at the center of the gauge length to the nearest 0.001 in. (0.0Z&lwem) (see
1).

9.6 General—Test specimens shall be either substantially full size or machined, as prescribed in the product specifications for
the material being tested.

9.6.1 Itis desirable to have the cross-sectional area of the specimen smallest at the center of the gauge length to ensure fractu
within the gauge length. This is provided for by the taper in the gauge length permitted for each of the specimens described in the
following sections.

9.6.2 For brittle materials it is desirable to have fillets of large radius at the ends of the gauge length.

10. Plate-Type Specimens

10.1 The standard plate-type test specimens are shoWwigir8. Such specimens are used for testing metallic materials in the
form of plate, structural and bar-size shapes, and flat material having a nominal thick&essof5 mm) or over. When product
specifications so permit, other types of specimens may be used.

Note 3—When called for in the product specification, the 8-in. (200-mm) gauge length speciriké@n 8fmay be used for sheet and strip material.
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Note 1—For the ¥2-in. (40-mm) wide specimens, punch marks for measuring elongation after fracture shall be made on the flat or on the edge of
the specimen and within the reduced section. For the 8-in. (200-mm) gauge length specimen, a set of nine or more punch marks 1 in. (25 mm) apart
or one or more pairs of punch marks 8 in. (200 mm) apart may be used. For the 2-in. (50-mm) gauge length specimen, a set of three or more punch mark
1 in. (25 mm) apart, or one or more pairs of punch marks 2 in. (50 mm) apart may be used.

11. Sheet-Type Specimen

11.1 The standard sheet-type test specimen is shoWwigir8. This specimen is used for testing metallic materials in the form
of sheet, plate, flat wire, strip, band, and hoop ranging in nominal thickness from 0.005 to 1 in. (0.13 to 25 mm). When product
specifications so permit, other types of specimens may be used, as provided in S&6t{esaeNote 3.

12. Round Specimens

12.1 The standard 0.500-in. (12.5-mm) diameter round test specimen shdvig #his frequently used for testing metallic
materials.

12.2 Fig. 4 also shows small size specimens proportional to the standard specimen. These may be used when it is necessary 1
test material from which the standard specimen or specimens shotig.if3 cannot be prepared. Other sizes of small round
specimens may be used. In any such small size specimen it is important that the gauge length for measurement of elongation kb
four times the diameter of the specimen ($é&&e 4 Fig. 4).

12.3 The type of specimen ends outside of the gauge length shall accommodate the shape of the product tested, and she
properly fit the holders or grips of the testing machine so that axial loads are applied with a minimum of load eccentricity and
slippage.Fig. 5 shows specimens with various types of ends that have given satisfactory results.

13. Gauge Marks

13.1 The specimens shownhigs. 3-6shall be gauge marked with a center punch, scribe marks, multiple device, or drawn with
ink. The purpose of these gauge marks is to determine the percent elongation. Punch marks shall be light, sharp, and accurate
spaced. The localization of stress at the marks makes a hard specimen susceptible to starting fracture at the punch marks. The gau
marks for measuring elongation after fracture shall be made on the flat or on the edge of the flat tension test specimen and withir
the parallel section; for the 8-in. gauge length specini@mn, 3, one or more sets of 8-in. gauge marks may be used, intermediate
marks within the gauge length being optional. Rectangular 2-in. gauge length spediigeBsand round specimenBijg. 4, are
gauge marked with a double-pointed center punch or scribe marks. One or more sets of gauge marks may be used; however, or
set must be approximately centered in the reduced section. These same precautions shall be observed when the test specimer
full section.

14. Determination of Tensile Properties

14.1 Yield Point—Yield point is the first stress in a material, less than the maximum obtainable stress, at which an increase in
strain occurs without an increase in stress. Yield point is intended for application only for materials that may exhibit the unique
characteristic of showing an increase in strain without an increase in stress. The stress-strain diagram is characterized by a sha
knee or discontinuity. Determine yield point by one of the following methods:

14.1.1 Drop of the Beam or Halt of the Pointer Method—In this method, apply an increasing load to the specimen at a uniform
rate. When a lever and poise machine is used, keep the beam in balance by running out the poise at approximately a steady rat
When the yield point of the material is reached, the increase of the load will stop, but run the poise a trifle beyond the balance
position, and the beam of the machine will drop for a brief but appreciable interval of time. When a machine equipped with a
load-indicating dial is used there is a halt or hesitation of the load-indicating pointer corresponding to the drop of the beam. Note
the load at the “drop of the beam” or the “halt of the pointer” and record the corresponding stress as the yield point.

14.1.2 Autographic Diagram Method—When a sharp-kneed stress-strain diagram is obtained by an autographic recording
device, take the stress corresponding to the top of the Krige ), or the stress at which the curve drops as the yield point.

14.1.3 Total Extension Under Load Method—When testing material for yield point and the test specimens may not exhibit a
well-defined disproportionate deformation that characterizes a yield point as measured by the drop of the beam, halt of the pointer
or autographic diagram methods described#at-114.1.Jand+3-1:214.1.2a value equivalent to the yield point in its practical
significance may be determined by the following method and may be recorded as yield point: Attach a Class C or better
extensometerote 4andNote 5 to the specimen. When the load producing a specified extensioie @ is reached record the
stress corresponding to the load as the yield pdiid.(8).

Note 4—Automatic devices are available that determine the load at the specified total extension without plotting a stress-strain curve. Such devices
may be used if their accuracy has been demonstrated. Multiplying calipers and other such devices are acceptable for use provided their accuracy has be
demonstrated as equivalent to a Class C extensometer.

Note 5—Reference should be made to Prac&s

Note 6—For steel with a yield point specified not over 80 000 psi (550 MPa), an appropriate value is 0.005 in./in. of gauge length. For values above
80 000 psi, this method is not valid unless the limiting total extension is increased.


https://standards.iteh.ai/catalog/standards/sist/9de42492-42ed-4e98-a50b-e8ba6cbef4e8/astm-a370-12a

A370 - 12a
il

Note 2—For the¥2-in. (12.5-mm) wide specimen, punch marks for measuring the elongation after fracture shall be made on the flat or on the edge
of the specimen and within the reduced section. Either a set of three or more punch marks 1 in. (25 mm) apart or one or more pairs of punch marks 2
in. (50 mm) apart may be used.

Note 7—The shape of the initial portion of an autographically determined stress-strain (or a load-elongation) curve may be influenced by numerous
factors such as the seating of the specimen in the grips, the straightening of a specimen bent due to residual stresses, and the rapid loading permitted
#4-18.4.1 Generally, the aberrations in this portion of the curve should be ignored when fitting a modulus line, such as that used to determine the
extension-under-load yield, to the curve.

14.2 Yield Strength—Yield strength is the stress at which a material exhibits a specified limiting deviation from the
proportionality of stress to strain. The deviation is expressed in terms of strain, percent offset, total extension under load, etc.
Determine vyield strength by one of the following methods:

14.2.1 Offset Method—To determine the yield strength by the “offset method,” it is necessary to secure data (autographic or
numerical) from which a stress-strain diagram with a distinct modulus characteristic of the material being tested may be drawn.
Then on the stress-strain diagrakig. 9) lay off Om equal to the specified value of the offset, drawv parallel toOA, and thus
locater, the intersection ofmn with the stress-strain curve corresponding to I&aevhich is the yield-strength load. In recording
values of yield strength obtained by this method, the value of offset specified or used, or both, shall be stated in parentheses afte
the term yield strength, for example:

Yield strength(0.2 % offset= 52000 psi360 MPa 1)

When the offset is 0.2 % or larger, the extensometer used shall qualify as a Class B2 device over a strain range of 0.05 to 1.0 %
If a smaller offset is specified, it may be necessary to specify a more accurate device (that is, a Class B1 device) or reduce the lowe
limit of the strain range (for example, to 0.01 %) or both. See &lste 9for automatic devices.

Note 8—For stress-strain diagrams not containing a distinct modulus, such as for some cold-worked materials, it is recommended that the extensior
under load method be utilized. If the offset method is used for materials without a distinct modulus, a modulus value appropriate for the material being
tested should be used: 30 000 000 psi (207 000 MPa) for carbon steel; 29 000 000 psi (200 000 MPa) for ferritic stainless steel; 28 000 000 psi (193 00(
MPa) for austenitic stainless steel. For special alloys, the producer should be contacted to discuss appropriate modulus values.

14.2.2 Extension Under Load Method—For tests to determine the acceptance or rejection of material whose stress-strain
characteristics are well known from previous tests of similar material in which stress-strain diagrams were plotted, the total strain
corresponding to the stress at which the specified offsetNséz 9andNote 10 occurs will be known within satisfactory limits.

The stress on the specimen, when this total strain is reached, is the value of the yield strength. In recording values of yield strengtl
obtained by this method, the value of “extension” specified or used, or both, shall be stated in parentheses after the term yielc
strength, for example:

Yield strength(0.5% EUL) = 52000 psi{360 MP3 )
The total strain can be obtained satisfactorily by use of a Class B1 extensoieter4( Note 5 andNote 7).

Note 9—Automatic devices are available that determine offset yield strength without plotting a stress-strain curve. Such devices may be used if their
accuracy has been demonstrated.

Note 10—The appropriate magnitude of the extension under load will obviously vary with the strength range of the particular steel under test. In
general, the value of extension under load applicable to steel at any strength level may be determined from the sum of the proportional strain and the
plastic strain expected at the specified yield strength. The following equation is used:

Extension under load, in./in. of gauge lengtfYSE) +r 3)

= specified yield strength, psi or MPa,
E = modulus of elasticity, psi or MPa, and
r = limiting plastic strain, in./in.

14.3 Tensile Srength—Calculate the tensile strength by dividing the maximum load the specimen sustains during a tension test
by the original cross-sectional area of the specimen.

14.4 Elongation:

14.4.1 Fitthe ends of the fractured specimen together carefully and measure the distance between the gauge marks to the near
0.01 in. (0.25 mm) for gauge lengths of 2 in. and under, and to the nearest 0.5 % of the gauge length for gauge lengths over 2 in
A percentage scale reading to 0.5 % of the gauge length may be used. The elongation is the increase in length of the gauge lengt
expressed as a percentage of the original gauge length. In recording elongation values, give both the percentage increase and t
original gauge length.

14.4.2 If any part of the fracture takes place outside of the middle half of the gauge length or in a punched or scribed mark
within the reduced section, the elongation value obtained may not be representative of the material. If the elongation so measure
meets the minimum requirements specified, no further testing is indicated, but if the elongation is less than the minimum
requirements, discard the test and retest.
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Note 3—For the four sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.004, 0.002, or 0.001 in. (0.10,
0.10, 0.05, or 0.025 mm), respectively. Also, there may be a gradual decrease in width from the ends to the center, but the width at either end shall no
be more than 0.015 in., 0.015 in., 0.005 in., or 0.003 in. (0.40, 0.40, 0.10 or 0.08 mm), respectively, larger than the width at the center.

14.4.3 Automated tensile testing methods using extensometers allow for the measurement of elongation in a method describe
below. Elongation may be measured and reported either this way, or as in the method described above, fitting the broken end
together. Either result is valid.

14.4.4 Elongation at fracture is defined as the elongation measured just prior to the sudden decrease in force associated wit
fracture. For many ductile materials not exhibiting a sudden decrease in force, the elongation at fracture can be taken as the strai
measured just prior to when the force falls below 10 % of the maximum force encountered during the test.

14.4.4.1 Elongation at fracture shall include elastic and plastic elongation and may be determined with autographic or
automated methods using extensometers verified over the strain range of interest. Use a class B2 or better extensometer fi
materials having less than 5 % elongation; a class C or better extensometer for materials having elongation greater than or equi
to 5 % but less than 50 %; and a class D or better extensometer for materials having 50 % or greater elongation. In all cases, th
extensometer gauge length shall be the nominal gauge length required for the specimen being tested. Due to the lack of precisio
in fitting fractured ends together, the elongation after fracture using the manual methods of the preceding paragraphs may diffel
from the elongation at fracture determined with extensometers.

14.4.4.2 Percent elongation at fracture may be calculated directly from elongation at fracture data and be reported instead o
percent elongation as calculatedti8-4-114.4.1However, these two parameters are not interchangeable. Use of the elongation at
fracture method generally provides more repeatable results.

14.5 Reduction of Area—Fit the ends of the fractured specimen together and measure the mean diameter or the width and
thickness at the smallest cross section to the same accuracy as the original dimensions. The difference between the area thus fou
and the area of the original cross section expressed as a percentage of the original area is the reduction of area.

BEND TEST

15. Description

15.1 The bend test is one method for evaluating ductility, but it cannot be considered as a quantitative means of predicting
service performance in all bending operations. The severity of the bend test is primarily a function of the angle of bend of the inside
diameter to which the specimen is bent, and of the cross section of the specimen. These conditions are varied according to locatio
and orientation of the test specimen and the chemical composition, tensile properties, hardness, type, and quality of the stee
specified. Test Metho#190and Test Method=290 may be consulted for methods of performing the test.

15.2 Unless otherwise specified, it shall be permissible to age bend test specimens. The time-temperature cycle employed mu
be such that the effects of previous processing will not be materially changed. It may be accomplished by aging at room
temperature 24 to 48 h, or in shorter time at moderately elevated temperatures by boiling in water or by heating in oil or in an oven.

15.3 Bend the test specimen at room temperature to an inside diameter, as designated by the applicable product specification

to the extent-speeified-witheut-major-cracking-onthe-outside-ef-the-bentpeortion. specified. The speed of bending is ordinarily not

an important factor.
HARDNESS TEST

16. General

16.1 A hardness test is a means of determining resistance to penetration and is occasionally employed to obtain a quicl
approximation of tensile strengtfiable 2 Table 3 Table 4 andTable 5are for the conversion of hardness measurements from
one scale to another or to approximate tensile strength. These conversion values have been obtained from computer-generat
curves and are presented to the nearest 0.1 point to permit accurate reproduction of those curves. Since all converted hardne
values must be considered approximate, however, all converted Rockwell hardness numbers shall be rounded to the nearest whc
number.

16.2 Hardness Testing:

16.2.1 If the product specification permits alternative hardness testing to determine conformance to a specified hardnes:
requirement, the conversions listedTiable 2 Table 3 Table 4 andTable 5shall be used.

16.2.2 When recording converted hardness numbers, the measured hardness and test scale shall be indicated in parentheses
example: 353 HBW (38 HRC). This means that a hardness value of 38 was obtained using the Rockwell C scale and convertec
to a Brinell hardness of 353.

17. Brinell Test
17.1 Description:
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Note 4—For each specimen type, the radii of all fillets shall be equal to each other with a tolerance of 0.05 in. (1.25 mm), and the centers of curvature
of the two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of 0.10 in. (2.5
mm).

17.1.1 A specified load is applied to a flat surface of the specimen to be tested, through a tungsten carbide ball of specifiec
diameter. The average diameter of the indentation is used as a basis for calculation of the Brinell hardness number. The quotier
of the applied load divided by the area of the surface of the indentation, which is assumed to be spherical, is termed the Brinell
hardness number (HBW) in accordance with the following equation:

Hew=P/[D2)(D -/ D2— )] @)
where:
HBW = Brinell hardness number,
P = applied load, kgf,
D = diameter of the tungsten carbide ball, mm, and
d = average diameter of the indentation, mm.

Note 11—The Brinell hardness number is more conveniently secured from standard tables Sable &which show numbers corresponding to the
various indentation diameters, usually in increments of 0.05 mm.

Note 12—In Test Method=10 the values are stated in S| units, whereas in this section kg/m units are used.

17.1.2 The standard Brinell test using a 10-mm tungsten carbide ball employs a 3000-kgf load for hard materials and a 1500
or 500-kgf load for thin sections or soft materials (Se@enex A2 on Steel Tubular Products). Other loads and different size
indentors may be used when specified. In recording hardness values, the diameter of the ball and the load must be stated exce
when a 10-mm ball and 3000-kgf load are used.

17.1.3 Arange of hardness can properly be specified only for quenched and tempered or normalized and tempered material. Fc
annealed material a maximum figure only should be specified. For normalized material a minimum or a maximum hardness may
be specified by agreement. In general, no hardness requirements should be applied to untreated material.

17.1.4 Brinell hardness may be required when tensile properties are not specified.

17.2 Apparatus—Equipment shall meet the following requirements:

17.2.1 Testing Machine—A Brinell hardness testing machine is acceptable for use over a loading range within which its load
measuring device is accurate 1dl %.

17.2.2 Measuring Microscope—The divisions of the micrometer scale of the microscope or other measuring devices used for
the measurement of the diameter of the indentations shall be such as to permit the direct measurement of the diameter to 0.1 mi
and the estimation of the diameter to 0.05 mm.

Note 13—This requirement applies to the construction of the microscope only and is not a requirement for measurement of the indentation, see
16-4-317.4.3

17.2.3 Sandard Ball—The standard tungsten carbide ball for Brinell hardness testing is 10 mm (0.3937 in.) in diameter with
a deviation from this value of not more than 0.005 mm (0.0004 in.) in any diameter. A tungsten carbide ball suitable for use must
not show a permanent change in diameter greater than 0.01 mm (0.0004 in.) when pressed with a force of 3000 kgf against th
test specimen. Steel ball indentors are no longer permitted for use in Brinell hardness testing in accordance with these test method

17.3 Test Specimen——Brinell hardness tests are made on prepared areas and sufficient metal must be removed from the surface
to eliminate decarburized metal and other surface irregularities. The thickness of the piece tested must be such that no bulge c
other marking showing the effect of the load appears on the side of the piece opposite the indentation.

17.4 Procedure:

17.4.1 Itis essential that the applicable product specifications state clearly the position at which Brinell hardness indentations
are to be made and the number of such indentations required. The distance of the center of the indentation from the edge of th
specimen or edge of another indentation must be at least two and one-half times the diameter of the indentation.

17.4.2 Apply the load for 10 to 15 s.

17.4.3 Measure diameters of the indentation in accordance with Test MEttnd

17.4.4 The Brinell hardness test is not recommended for materials above 650 HBW.

17.4.4.1 If a ball is used in a test of a specimen which shows a Brinell hardness number greater than the limit for the ball as
detailed in16-4-417.4.4the ball shall be either discarded and replaced with a new ball or remeasured to ensure conformance with
the requirements of Test MethdaiL0.

17.5 Brinell Hardness Values:

17.5.1 Brinell hardness values shall not be designated by a number alone because it is necessary to indicate which indenter ar
which force has been employed in making the test. Brinell hardness numbers shall be followed by the symbol HBW, and be
supplemented by an index indicating the test conditions in the following order:

17.5.1.1 Diameter of the ball, mm,

10
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Note 5—For each of the four sizes of specimens, narrower widttiard C) may be used when necessary. In such cases, the width of the reduced
section should be as large as the width of the material being tested permits; however, unless stated specifically, the requirements for elongation in a produ
specification shall not apply when these narrower specimens are used. If the width of the material is [@gslieasides may be parallel throughout
the length of the specimen.

17.5.1.2 A value representing the applied load, kgf, and,

17.5.1.3 The applied force dwell time, s, if other than 10 s to 15 s.

17.5.1.4 The only exception to the above requirement is for the HBW 10/3000 scale when a 10 s to 15 s dwell time is used.
Only in the case of this one Brinell hardness scale may the designation be reported simply as HBW.

17.5.1.5 Examples: 220 HBW = Brinell hardness of 220 determined with a ball of 10 mm diameter and with a test force of 3000
kgf applied for 10 s to 15 s; 350 HBW 5/1500 = Brinell hardness of 350 determined with a ball of 5 mm diameter and with a test
force of 1500 kgf applied for 10 s to 15 s.

17.6 Detailed Procedure—For detailed requirements of this test, reference shall be made to the latest revision of Test Method
El0

18. Rockwell Test

18.1 Description:

18.1.1 In this test a hardness value is obtained by determining the depth of penetration of a diamond point or a tungsten carbid
ball into the specimen under certain arbitrarily fixed conditions. A minor load of 10 kgf is first applied which causes an initial
penetration, sets the penetrator on the material and holds it in position. A major load which depends on the scale being used i
applied increasing the depth of indentation. The major load is removed and, with the minor load still acting, the Rockwell number,
which is proportional to the difference in penetration between the major and minor loads is determined; this is usually done by the
machine and shows on a dial, digital display, printer, or other device. This is an arbitrary number which increases with increasing
hardness. The scales most frequently used are as follows:

Scale Major Minor
Symbol Penetrator Load, Load,
Y kgf kgf
B Y16-in. tungsten carbide ball 100 10
C Diamond brale 150 10

18.1.2 Rockwell superficial hardness machines are used for the testing of very thin steel or thin surface layers. Loads of 15, 30
or 45 kgf are applied on a tungsten carbide (or a hardened steel) ball or diamond penetrator, to cover the same range of hardne!
values as for the heavier loads. Use of a hardened steel ball is permitted only for testing thin sheet tin mill products as found in
specificationsA623 and A623M using HR15T and HR30T scales with a diamond spot anvil. (Testing of this product using a
tungsten carbide indenter may give significantly different results as compared to historical test data obtained using a hardened ste
ball.) The superficial hardness scales are as follows:

Major Minor
Scale Load, Load,
Symbol Penetrator kgf kgf
15T Y1e-in. tungsten carbide or steel 15 3
ball
30T Y1e-in. tungsten carbide or steel 30 3
ball
45T Y1e-in. tungsten carbide ball 45 3
15N Diamond brale 15 3
30N Diamond brale 30 3
45N Diamond brale 45 3

18.2 Reporting Hardness—In recording hardness values, the hardness number shall always precede the scale symbol, for
example: 96 HRBW, 40 HRC, 75 HR15N, 56 HR30TS, or 77 HR30TW. The swffirdicates use of a tungsten carbide ball. The
suffix Sindicates use of a hardened steel ball as permittedif-218.1.2

18.3 Test Blocks—Machines should be checked to make certain they are in good order by means of standardized Rockwell test
blocks.

18.4 Detailed Procedure—For detailed requirements of this test, reference shall be made to the latest revision of Test Methods
E18

19. Portable Hardness Test

19.1 Although the use of the standard, stationary Brinell or Rockwell hardness tester is generally preferred, it is not always
possible to perform the hardness test using such equipment due to the part size or location. In this event, hardness testing usir
portable equipment as described in Practi@&33 or Test MethodE110shall be used.

11
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Note 6—The specimen may be modified by making the sides parallel throughout the length of the specimen, the width and tolerances being the same
as those specified above. When necessary, a narrower specimen may be used, in which case the width should be as great as the width of the material be
tested permits. If the width is¥% in. (38 mm) or less, the sides may be parallel throughout the length of the specimen.

CHARPY IMPACT TESTING

20. Summary

20.1 A Charpy V-notch impact test is a dynamic test in which a notched specimen is struck and broken by a single blow in a
specially designed testing machine. The measured test values may be the energy absorbed, the percentage shear fracture, the lat
expansion opposite the notch, or a combination thereof.

20.2 Testing temperatures other than room (ambient) temperature often are specified in product or general requiremen
specifications (hereinafter referred to as the specification). Although the testing temperature is sometimes related to the expecte
service temperature, the two temperatures need not be identical.

21. Significance and Use

21.1 Ductile vs. Brittle Behavior—Body-centered-cubic or ferritic alloys exhibit a significant transition in behavior when impact
tested over a range of temperatures. At temperatures above transition, impact specimens fracture by a ductile (usually microvoi
coalescence) mechanism, absorbing relatively large amounts of energy. At lower temperatures, they fracture in a brittle (usually
cleavage) manner absorbing appreciably less energy. Within the transition range, the fracture will generally be a mixture of areas
of ductile fracture and brittle fracture.

21.2 The temperature range of the transition from one type of behavior to the other varies according to the material being tested
This transition behavior may be defined in various ways for specification purposes.

21.2.1 The specification may require a minimum test result for absorbed energy, fracture appearance, lateral expansion, or
combination thereof, at a specified test temperature.

21.2.2 The specification may require the determination of the transition temperature at which either the absorbed energy or
fracture appearance attains a specified level when testing is performed over a range of temperatures. Alternatively the specificatio
may require the determination of the fracture appearance transition temperature (FATTn) as the temperature at which the require
minimum percentage of shear fracture (n) is obtained.

21.3 Further information on the significance of impact testing appeaismex A5

22. Apparatus

22.1 Testing Machines:

22.1.1 ACharpy impact machine is one in which a notched specimen is broken by a single blow of a freely swinging pendulum.
The pendulum is released from a fixed height. Since the height to which the pendulum is raised prior to its swing, and the mass
of the pendulum are known, the energy of the blow is predetermined. A means is provided to indicate the energy absorbed in
breaking the specimen.

22.1.2 The other principal feature of the machine is a fixture (3g€l0) designed to support a test specimen as a simple beam
at a precise location. The fixture is arranged so that the notched face of the specimen is vertical. The pendulum strikes the othe
vertical face directly opposite the notch. The dimensions of the specimen supports and striking edge shall carifpriito

22.1.3 Charpy machines used for testing steel generally have capacities in the 220 to 300 ft-Ibf (300 to 400 J) energy range
Sometimes machines of lesser capacity are used; however, the capacity of the machine should be substantially in excess of tt
absorbed energy of the specimens (see Test Methads The linear velocity at the point of impact should be in the range of 16
to 19 ft/s (4.9 to 5.8 m/s).

Note 14—An investigation of striker radius effect is available.

22.2 Temperature Media:

22.2.1 For testing at other than room temperature, it is necessary to condition the Charpy specimens in media at controllec
temperatures.

22.2.2 Low temperature media usually are chilled fluids (such as water, ice plus water, dry ice plus organic solvents, or liquid
nitrogen) or chilled gases.

22.2.3 Elevated temperature media are usually heated liquids such as mineral or silicone oils. Circulating air ovens may be usec

22.3 Handling Equipment—Tongs, especially adapted to fit the notch in the impact specimen, normally are used for removing
the specimens from the medium and placing them on the anvil (refer to Test Mét28ddn cases where the machine fixture
does not provide for automatic centering of the test specimen, the tongs may be precision machined to provide centering.

5 Supporting data have been filed at ASTM International Headquarters and may be obtained by requesting Research Report RR:A01-1001.
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Note 7—The dimensiorT is the thickness of the test specimen as provided for in the applicable product specification. Minimum nominal thickness
of 1 to 1¥2-in. (40-mm) wide specimens shall Bes in. (5 mm), except as permitted by the product specification. Maximum nominal thickn&ssnof
(12.5-mm) andVz-in. (6-mm) wide specimens shall be 1 in. (25 mm) &adn. (6 mm), respectively.

23. Sampling and Number of Specimens

23.1 Sampling:

23.1.1 Testlocation and orientation should be addressed by the specifications. If not, for wrought products, the test location shal
be the same as that for the tensile specimen and the orientation shall be longitudinal with the notch perpendicular to the majol
surface of the product being tested.

23.1.2 Number of Specimens.

23.1.2.1 A Charpy impact test consists of all specimens taken from a single test coupon or test location.

23.1.2.2 When the specification calls for a minimum average test result, three specimens shall be tested.

23.1.2.3 When the specification requires determination of a transition temperature, eight to twelve specimens are usually
needed.

23.2 Type and Sze:

23.2.1 Use a standard full size Charpy V-notch specimen as showig.iril except as allowed i82:2:223.2.2

23.2.2 Subsized Specimens.

23.2.2.1 For flat material less thats in. (11 mm) thick, or when the absorbed energy is expected to exceed 80 % of full scale,
use standard subsize test specimens.

23.2.2.2 For tubular materials tested in the transverse direction, where the relationship between diameter and wall thicknes:
does not permit a standard full size specimen, use standard subsize test specimens or standard size specimens containing ot
diameter (OD) curvature as follows:

(1) Standard size specimens and subsize specimens may contain the original OD surface of the tubular product as shown i

Fig. 12 All other dimensions shall comply with the requirementd-af. 11

Note 15—For materials with toughness levels in excess of about 50 ft-Ibs, specimens containing the original OD surface may yield values in excess
of those resulting from the use of conventional Charpy specimens.

23.2.2.3 If a standard full-size specimen cannot be prepared, the largest feasible standard subsize specimen shall be prepare
The specimens shall be machined so that the specimen does not include material nearer to the surface than 0.020 in. (0.5 mmr

23.2.2.4 Tolerances for standard subsize specimens are shégn irl. Standard subsize test specimen sizes are: 10 x 7.5 mm,
10 x 6.7 mm, 10 x 5 mm, 10 x 3.3 mm, and 10 x 2.5 mm.

23.2.2.5 Notch the narrow face of the standard subsize specimens so that the notch is perpendicular to the 10 mm wide face

23.3 Notch Preparation—The machining (for example, milling, broaching, or grinding) of the notch is criticab-as-ithas been
demoenstrated-that-extremely-minorvariations in minor deviations in both notch radius and profile, or tool marks at the bottom of

the notch may result in-erratie-test-data. variations in test data, particularly in materials with low-impact energy absorption. (See
Annex A5).

24. Calibration

24.1 Accuracy and Sensitivity—Calibrate and adjust Charpy impact machines in accordance with the requirements of Test
MethodsE23

25. Conditioning—Temperature Control

25.1 When a specific test temperature is required by the specification or purchaser, control the temperature of the heating o
cooling medium within=2°F (1°C).
Note 16—For some steels there may not be a need for this restricted temperature, for example, austenitic steels.

Note 17—Because the temperature of a testing laboratory often varies from 60 to 90°F (15 to 32°C) a test conducted at “room temperature” might
be conducted at any temperature in this range.

26. Procedure

26.1 Temperature:

26.1.1 Condition the specimens to be broken by holding them in the medium at test temperature for at least 5 min in liquid
media and 30 min in gaseous media.

26.1.2 Prior to each test, maintain the tongs for handling test specimens at the same temperature as the specimen so as not
affect the temperature at the notch.

26.2 Positioning and Breaking Specimens.
26.2.1 Carefully center the test specimen in the anvil and release the pendulum to break the specimen.
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Note 8—To aid in obtaining axial loading during testing Bfin. (6-mm) wide specimens, the overall length should be as large as the material will
permit.

26.2.2 If the pendulum is not released within 5 s after removing the specimen from the conditioning medium, do not break the
specimen. Return the specimen to the conditioning medium for the period requigéctin26.1.1

26.3 Recovering Specimens—In the event that fracture appearance or lateral expansion must be determined, recover the matched
pieces of each broken specimen before breaking the next specimen.

26.4 Individual Test Values:

26.4.1 Impact energy— Record the impact energy absorbed to the nearest ft:Ibf (J).

26.4.2 Fracture Appearance:

26.4.2.1 Determine the percentage of shear fracture area by any of the following methods:

(1) Measure the length and width of the brittle portion of the fracture surface, as shdwig. ib3and determine the percent
shear area from eithérable 7or Table 8depending on the units of measurement.

(2) Compare the appearance of the fracture of the specimen with a fracture appearance chart as BlypwH. in

(3) Magnify the fracture surface and compare it to a precalibrated overlay chart or measure the percent shear fracture area b
means of a planimeter.

(4) Photograph the fractured surface at a suitable magnification and measure the percent shear fracture area by means of
planimeter.

26.4.2.2 Determine the individual fracture appearance values to the nearest 5 % shear fracture and record the value.
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