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1. Scope*

1.1 These test methods® cover 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.
Variations in testing methods are to be avoided. and, standard
methods of testing are to be followed to obmin reptbducible

requ1rements for cermm product% are umque or av:wmma mth

these general procedures, the product specmmmon test:mo
requirements shall control.

1.2 The following mechanical tests are des

Tension
Bend
Hardness
Brinell
Rockwell
Portable
Impact
Keywords

1.3 Annexes covering details pecu:lm: fo cenam pr(ﬁucts

Bar Products

Tubular Products

Fasteners

Round Wire Products

Significance of Notched-Bar Impact Testing

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.

! These test methods and definitions are under the jurisdiction of ASTM
Committee A0l on Steel. Stainless Steel and Related Alloys and are the direct
responsibility of Si i AO0L13 on ical and Chemical Testing and
Processing Methods of Steel Products and Processes.

Current edition approved Jan. 1. 2017. Published January 2017. Originally
approved in 1953. Last previous edition approved in 2016 as A370— 16. DOL:
10.1520/A0370-17.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-370 in Section II of that Code.

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 SI 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 SI units then con-
verted into inch-pound units. The elongation determined in SI
unit gauge lengths of 50 or 200 mm may be reported in
inch-pound gauge lengths of 2 or 8in., respectively, as
sqmplicable.
$31453.1 The specimen used to determine the original units
onform to the applicable tolerances of the original unit
m given in the dimension table not that of the converted

3" Note |—This is due to the specimen SI dimensions and tolerances

being hard conversions when this is not a dual standard. The user is
directedsto Test Methods A 1058 if the tests are required in SI units.

1% Attention i$ duﬁcted to ISO/IEC 17025 when there may
be stheed for mto: tition on criteria for evaluation of testing
l'lbpr’tt(me%

17 This standiivd ‘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:*

A623 Specification for Tin Mill Products. General Require-
ments

A623M Specification for Tin Mill Products. General Re-
quirements [Metric]

A833 Practice for Indentation Hardness of Metallic Materi-
als by Comparison Hardness Testers

A956 Test Method for Leeb Hardness Testing of Steel
Products

3 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.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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A1038 Test Method for Portable Hardness Testing by the
Ultrasonic Contact Impedance Method

A1058 Test Methods for Mechanical
Products—Metric

A1061/A1061M Test Methods for Testing Multi-Wire Steel
Prestressing Strand

E4 Practices for Force Verification of Testing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E8/E8M Test Methods tor Tension Testing of Metallic Ma-
terials

E 10 Test Method for Brinell Hardness of Metallic Materials

E8 Test Methods for Rockwell Hardness of Metallic Ma-
terials

E23 Test Methods for Notched Bar Impact Testing of Me-
tallic Materials

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E83 Practice for Verification and Classification
someter Systems

E110 Test Method for Rockwell and Brinell Hi
Metallic Materials by Portable Hardness Te%g_,

E[90 Test Method for Guided Bend Test tor.Ductlllly
Welds

Testing of Steel

ity
2. 2 ASME Document: A

Division I. Part UG-8
2.3 ISO Standard:®
ISO/IEC 17025 General Requireniel

of Testing and Calibration Laboratotiés””

3. Significance and Use

3.1 The primary use of these test methods is
determine the specified mechanical properties of ste.
steel and related alloy products for the evaluation of confor-
mance of such products to a material specification under the
jurisdiction of ASTM Committee A0l 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
purpose 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 Requirement
Specification for the particular product form.

3.1.3 Some material specifications require the use of addi-
tional test methods not described herein: in such cases, the
required 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

# Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters. Two Park Ave., New York, NY 10016-5990, http://
WWW.ASIE.Org.

3 Available from American National Standards Institute (ANST). 25 W. 43rd St..
4th Floor, New York, NY 10036, http://www.ansi.org.
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other 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-tabricated product. These reasons include, but are not
limited to: subsequent service degradation from environmental
exposure (for example, temperature, corrosion); static or cyclic
service stress effects, mechanically-induced damage, material
inhomogeneity, anisotropic structure, natural aging of select
alloys, turther 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 trom prior tests
are expected. An understanding of possible reasons for devia-
tion from specified or expected test values should be applied in
interpretation of test results.

4. General Precautions

;281 Certain methods of fabrication, such as bending,
'mmmg .and welding, or operations involving heating, may

: ﬂ‘ectlhe.propertles of the material under test. Therefore, the

prod:LICI: specifications cover the stage of manufacture at which

mechzmmal testing is to be performed. The properties shown by
Jsiag prior to fabrication may not necessarily be representa-

. 3five of the product after it has been completely fabricated.

4.2 Improperly macttinied specimens should be discarded
and othEr; specimens isubstituted.

4.3 'FHWS in the 'ipacimen may also affect results. If any test
spemmen de\z&l‘ops flads, the retest provision of the applicable
product spemﬁcatlon shall govern.

4.4 If any test specimen fails because of mechanical reasons
such as failure of testing equipment or improper specimen
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 extension
(Fig. I, Fig. 2a, and Fig. 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 the greatest extension (Fig. 1).
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LONGITUDIRAL SPECIMEN

LONGITUDINAL FLAT TENSION TFST

LONGITUDINAL ROUND TENSION TEST

LONGITUDINAL
BEND TEST

— INDICATES ROLLING DIRECTION
OR EXTENSION
LONGITUDINAL
[MPACT TFST

TRANSVERSE SPECIMEN
TRANSVERSE FLAT
/ TENSION TEST
— .
.
TRANSVERSE

IMPACT TEST

FIG. 1 Relation of Test Coupons and Test Specn‘nens'toﬁdlln'bg
Direction or Extension (Applicable to General Wsm.g!ﬂ Produets

TRANSVERSE
BEND TEST

5.2 The terms “radial test” and ‘“tangentﬁﬁ f&'@t” are used in’

material specifications for some wrought cifdular products and
are not applicable to castings. When such réference is madé 36
a test coupon or test specimen, the following defimition

5.2.1 Radial Test, unless specifically. defied wtlRarinases
signifies that the lengthwise axis eﬁ }he spc\'dr:ﬁﬁ :iﬁ pespor
dicular to the axis of the produat-an d o
radii of a circle drawn with agemt on tha ¢
as a center (Fig. 2a).

5.2.2 Tangential Test, ufn
signifies that the lengtbwyse «axis of the spacomen is perpen—
dicular to a plane contammgot;w axis of the Bmdu@t-zmd tangent
to a circle drawn with a pe
center (Fig. 2a, Fig. 2b, Fi.

RN
TENSION TEST

6. Description

6.1 The tension test related to the mechati$gIgdQ il diisteel
products subjects a machined or full-sectior $§deIhd *of the
material under examination to a measured load: $ffitient to
cause rupture. The resulting properties sought aré ‘efined in
Terminology E6.

6.2 In general, the testing equipment and methods are given
in Test Methods E8/E8M. However, there are certain excep-
tions to Test Methods E8/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
Terminology E6.

8. Testing Apparatus and Operations

8.1 Loading Systems—There are two general types of load-
ing systems, mechanical (screw power) and hydraulic. These
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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 hydranlic machines permit stepless
variation 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
Practices E4.

Norte 2—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
separately.

8.3 Loading—It 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 that 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
twistjyg be held to a minimum. For specimens with a reduced

JExtip gripping of the specimen shall be restricted to the grip
Sextiphs I sthe case of certain sections tested in full size,
nottax$gls padihg is unavoidable and in such cases shall be
BormisgBipe o2

.- ressse

8.4 28tery’ of Testing—The speed of testing shall not be
greafel $1§4h that at which load and strain readings can be made
adchtdrdly. In production testing, speed of testing is commonly
@Xdrdgstd: (1) in terms of free running crosshead speed (rate of

L <fibvement of the crosshead of the testing machine when not

" under load), (2) in terms of rate of separation of the two heads
of the testings fnachine under 164d,*¢3) in terms of rate of
stressing th§ Specimen, or (4) i1°t2’ms of rate of straining the
specimen. Thesfollowing limitaflf)r'l{ Sn the speed of testing are
recommidniedlas adequate o ffost steel products:

Not 3+sTensiom sests using clo‘sgé-bop machines (with feedback
control o?’rate) should 8t be perfom’léq’. ﬁsfn’g'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 to exceed Y1s in. per min
per inch of reduced section, or the distance between the grips
for test specimens not having reduced sections. This speed
shall be maintained through the yield point or yield strength. In
determining the tensile strength, the free-running rate of
separation of the heads shall not exceed "2 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 less than Yio the
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
above specified values, inasmuch as the rate of separation of
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Tangential
Test

Prolongation

Radial Test
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Prolongation

Longitudinal Test

(a) Shafts and Rotors

Prolongation

Tangential

-g» Test
Fl

A

.
(c?) Ring Forgings

Longitudinal Test

llow Forgings

Prolongation

Tangential Test

FIG. 2 Location of Longitudinal:'l':eﬁéion Test Specimens in Rings Cut from Tubular Products
Ter

heads under load at these machine settings is less than the
specified values 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 directions (see Figs. | and 2).

9.1.2 Forged Steels—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
product specifications. Test specimens are normally taken at
mid-radius. Certain product specifications permit the use of a
representative 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
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specimens are obtained from extra metal on the periphery or
end of the forging. For some forgings, such as rotors, radial
tension tests are required. In such cases the specimens are cut
or trepanned from specified locations.

9.2 Size and Tolerances—Test specimens shall be () the
full cross section of material, or (2) machined to the form and
dimensions shown in Figs. 3-6. The selection of size and type
of specimen is prescribed by the applicable product specifica-
tion. 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 ramove all
distorted, cold-worked, or heat-affected areas from h
the section used in evaluating the material. Spec1-m
have a reduced cross section at mid-length to el
distribution of the stress over the cross section
zone of tracture. .

9.4 Aging of Test Specimens—Unless ot e S
shall be permissible to age tension test spdcimens. The tlme—
temperature cycle employed must be suchethat the eﬁects ot
prev1ous proce%smo will not be materially ehanged.. ks

FERTS

9.5 Measuremenr of Dimei$i
9.5.1 Standard Recfangu&hr:f nstou:I% .gv'e?ﬁﬁenszhese
hb

the 2-in. (50-mm) gauge lngih & @ s The center
thickness dimension shall be meastred to the neara%t 0.
for both specimens. o,

9.5.2 Standard Round Tension Test
forms of specimens are shown in Fig. <
determine the cross-sectional area, the d9
measured at the center of the gauge lenomg.
0.001 in. (0.025 mm) (see Table ). ve

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

9.6.1 It is desirable to have the cross-sectional area of the
specimen smallest at the center of the gauge length to ensure
fracture 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 shown in
Fig. 3. Such specimens are used for testing metallic materials
in the form of plate, structural and bar-size shapes, and flat
material having a nominal thickness of ¥i¢ in. (5 mm) or over.
‘When product specifications so permit, other types of speci-
mens may be used.
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Nore 4—When called for in the product specification, the 8-in.
(200-mm) gauge length specimen of Fig. 3 may be used for sheet and strip
material.

11. Sheet-Type Specimen

11.1 The standard sheet-type test specimen is shown in Fig.
3. 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 | in. (0.13 to 25 mm). When
product specifications so permit, other types of specimens may
be used, as provided in Section 10 (see Note 4).

12. Round Specimens

12.1 The standard 0.500-in. (12.5-mm) diameter round test
specimen shown in Fig. 4 is 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
to test material from which the standard specimen or specimens
shown in Fig. 3 cannot be prepared. Other sizes of small round
ens may be used. In any such small size specimen it is
at the gauge length for measurement of elongation
he diameter of the 9pec1men (see Note 5, Fig. 4).

dhe holders or grips of the testing machme S0 that
aav are applied with a minimum of load eccentricity and

slipy gt FIW 5 shows specimens with various types of ends
.'é!;lg Emve given satisfactory results.

“ia. Gauge Marks

13.1 Thes sg@mmen% shown m F'lg« -6 shall be gauge
marked w1tha center punch, sorit .marks multiple device, or
drawn w1th- an " The purpos -txlese gauge marks is to
determine epercent elongatq(m Funch marks shall be light,
sharp, ands accurately spaced The l-ocallzatlon of stress at the
marks makes a hard specimen syzqepmgl_e to starting fracture at
the punch marks. The gauge marks for measuring elongation
after fracture shall be made on the flat or on the edge of the flat
tension test specimen and within the parallel section: for the
8-in. gauge length specimen, Fig. 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
specimens, Fig. 3, and round specimens, Fig. 4, are gauge
marked with a double-pointed center punch or scribe marks.
One or more sets of gauge marks may be used; however, one
set must be approximately centered in the reduced section.
These same precautions shall be observed when the test
specimen is 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 sharp knee or discontinuity. Determine yield point by one
of the following methods:
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DIMENSIONS
Standard Specimens Subsize Specimen
Plate-Type,
1‘/2-in.. (40-mm) Wide
8-in. (200-mm) * & ® 2-in. (50-mmy) Sheet-Type, 2 " _ "
Gauge Lengtri Gauge Length in. {12.5-mm) Wide Yaein. (6-mm) Wide
in. K «oin. mm in. mm in. mm
G—Gauge length 8.00 £ 0.01 ?:(i)a 20005 50.0+010 2.000+0005 50.00.10 1.000 + 0.003 25.0 £ 0.08
(Notes 1 and 2) . .
W—Width 12+ % . 40+3 0.500 £ 0.010 125025 0.250 + 0.002 625+ 0.05
(Notes 3, 5, and 6) - 1a -
T—Thickness N . :
(Note 7) . o & » Thickness of Material
A—Radius of fillet, min Va 13 Va 6
(Note 4)
t—Overall length, min 8 200 4 100
(Notes 2 and 8)
A—Length of 2Va 80 1Va 32
reduced section, min
B—Length of grip section, min 2 50 1va 32
(Note 9) , .
C—Width of grip section, appre» Ya 20 ¥% 10

mate
(Notes 4, 10, and 11)

sessee

Note 1—For the l‘{z:ixz :(40 mm) wide spgcjifigng.spunch marks for measurmg elongation after fracture shall be made on the flat or on the edge of
the specimen and withér Whe €aduced section.shor éhee8-in. (200 mm) gauge length specimen, a set of nine or moleopunch marks 1 in. (25 mm) apart,
or one or more pairs Ofﬁlﬁaﬁii&&& in. (ZO(I B y'm} ap;m may be uged. For the 2-in. (S(I-mm') gauge length speclmen. a.sel of three or more punch marks
1'in. (25 mm) apart, or ofi¢} grohidrg dairs of Pluichiarks 2 in, P mm) apart may bg hised,

Note 2—For the Y2-in. (12.8 m)‘mde specimest, $punch m mza'ks'for measuring the, elomuon after fracture gh.atl be made on the flat or on the edge
of the specimen and within the “reduced secuon Ellheroa set of-threa or more punch smnks di m (25 mm) apnios one or more pairs of punch marks 2 in.
(50 mm) apart may be used. ot

Note 3—For the four sizes of specimens, tifelehssQf Helrdduddd section shall npt differ in Wi} Ry more thag PPQ4, 0.004, 0.002, or 0.001 in. (0.10,
0.10, 0.05, or 0.025 mm), respectively. Also, !hen:'m sbe meoraiual decrease in width from the ends to the center, but the width at either end shall not
be more than 0.015 in., 0.015 in., 0.005 in., ar.ddO:i.m .(5 40, 0.40, 0.10 or 0.08 mm), respectively, larger than the width at the center.

Note 4—For each specimen type, the radii ot’aﬂﬁﬁ%ﬁwﬁzﬂl 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 4¢r§s} from each other (on a line perpendicular to the centerline) within a tolerance of 0.10 in. (2.5
mm). “er

Note 5—For each of the four sizes of specimens, narrower widths (W and 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 product
specification shall not apply when these narrower specimens are used. If the width of the material is less than W, the sides may be parallel throughout
the length of the specimen.

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 being
tested permits. If the width is 12 in. (38 mm) or less, the sides may be parallel throughout the length of the specimen.

Note 7—The dimension T 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 be ¥ in. (5 mm), except as permitted by the product specification. Maximum nominal thickness of 4-in.
(12.5-mm) and Y4-in. (6-mm) wide specimens shall be 1 in. (25 mm) and ¥4 in. (6 mm), respectively.

Note 8—To aid in obtaining axial loading during testing of Y4-in. (6-mm) wide specimens, the overall length should be as large as the material will
permit.

Note 9—It is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance equal
to two thirds or more of the length of the grips. If the thickness of ¥2-in. (13-mm) wide specimens is over ¥ in. (10 mm), longer grips and correspondingly
longer grip sections of the specimen may be necessary to prevent failure in the grip section.

Note 10—For standard sheet-type specimens and subsize specimens, the ends of the specimen shall be symmetrical with the center line of the reduced
section within 0.01 and 0.005 in. (0.25 and 0.13 mm), respectively, except that for steel if the ends of the ¥2-in. (12.5-mm) wide specimen are symmetrical
within 0.05 in. (1.0 mm), a specimen may be considered satisfactory for all but referee testing.

Note 11—For standard plate-type specimens, the ends of the specimen shall be symmetrical with the center line of the reduced section within 0.25 in.
(6.35 mm), except for referee testing in which case the ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in.
(2.5 mm).

FIG. 3 Rectangular Tension Test Specimens
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DIMENSIONS
Standard Specimen Small-Size Specimens Proportional to Standard
Nominal Diameter in. mm in. mm in. mm in. mm in. mm
0.500 125 0.350 875 0.250 6.25 0.160 4.00 0.113 2.50
G—Gauge length 2.00x 50.0 = 1.400z 350z 1.000z 250« 0.640« 16.0 = 0.450+ 10.0 =
0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500« 125 4.0.350x 875z 0.250= 625« 0.160« 4.00 = 0.113« 250 =
0.010 0.18 0.005 0.12 0.003 0.08 0.002 0.05
R—Radius of fillet, min ¥ 6 e 5 a2 4 a2 2
A—Length of reduced section, 2Va 45 11 32 £ 20 58 16
min {Note 2)

Norte 1—The reduced section may have a gm
center (controlling dimension).

Note 2—If desired, the length of the redu(‘ea sdction may be indreased to accommodate an extensometer of any convenient gauge length. Reference
marks for the measurement of elongation shduld} hevertheless, be spaced, gt if}e} ihdicated gauge length.

Norte 3—The gauge length and fillets shalljhf as shown, but the ends‘rﬂ@"lfeb{ 2ufy,form to fit the holders of the testing machine in such a way that
the load shall be axial (see Fig. 9). If the endsure to be held i cwedgaonps ;us- ley if possible, to make the length of the grip section great enough
to allow the specimen to extend into the grlps a d1s;£mce.equal.lq 1\80 thirds §rorgdre of $e length of the grips.

Note 4—On the round specimens in Fig.,5 apd Fis 4. )ﬂe’%ge lérlgﬁts;\re eﬁﬁlz{l 3¢ fobir times the nominal diameter. In some product specifications
other specimens may be prov1ded for, bnnmlessnhe et d wit] mrensional tolerances, the elongation values may not be comparable
with those obtained from the standard dast s.pemm

Note 5—The use of speclme%kwﬁerdh&nbﬁso 26. 3s- mm) dlameter.s}lal: e restrlcled to cases when the material to be tested is of insufficient
size to obtain larger specimgefd §ig§tien pfl Phidils Qg:ee to their use for agept§ife? testing. Smaller specimens require suitable equipment and greater
skill in both machining and keslmﬁ seeees

Norte 6—Five sizes of 3pccl ens often used Rawe diameters of approxmmwly 8. 505, 0.357, 0.252, 0.160, and 0.113 in., the reason being to permit easy
calculations of stress ﬁpmzlqads since the q‘p}r%s'pbndmg cross sectibfial areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, and 0.0100 in?
respectively. Thus, whed the "lcmal diameters{ag et #th these values, the stresses (or strepgths) may be computed using the simple multiplying factors
5, 10, 20, 50, and 100 o alents of these fixed diameters dodn()nesull in correspondmb Senvenient cross sectional area and
multiplying factors.) MRS
FIG. 4 Standard 0.500-in> {125 m) Round‘ dnslon Test, 594:|men with 2-in. (,';Q -pfn) Gauge Lenglh'

nds toward the center, with the ends not more than 1 % larger in diameter than the

X3

H:Examples of Small-Size Speci-

cee . nens Pr pcﬂional to Standardq;eumens
.o R
.o XD
.o

14.1.1 Drop of the Beam or Halt of th and 14, 1.2,a Ve eqmvalem’m’the yield point in its practical
this method, apply an increasing load 3 tp; gimen at a significance may be determined by the following method and
uniform rate. When a lever and poise mathing §¢ 9getl. keep the may be recorded as yield point: Attach a Class C or better
beam in balance by running out the poise at fipproximately a extensometer (Notes 5 and 6) to the specimen. When the load
steady rate. When the yield point of the materiaks reached, the producing a specified extension (Note 7) is reached record the
increase of the load will stop, but run the poise a trifle beyond stress corresponding to the load as the yield point (Fig. 8).
the balance position, and the beam of the machine will drop for
a brief but appreciable interval of time. When a machine N . . . N

. . P L. . specified total extension without plotting a stress-strain curve. Such
equipped with a load-indicating dial is used there is a halt or devices may be used if their accuracy has been demonstrated. Multiplying
hesitation of the load-indicating pointer corresponding to the  calipers and other such devices are acceptable for use provided their
drop of the beam. Note the load at the “drop of the beam™ or accuracy has been demonstrated as equivalent to a Class C extensometer.
the “halt of the pointer” and record the corresponding stress as Note 6—Reference should be made to Practice E83.
the yield point. Note 7—For steel with a yield point specified not over 80 000 psi

14.1.2 Autographic Diagram Method—When a sharp-kneed (550 MPa), an appropr.iate.value is 9.005 in.{in. of gauge.lep.glh. For

A . N . . values above 80 000 psi, this method is not valid unless the limiting total
stress-strain diagram is obtained by an autographic recording extension is increased.
device, take the stress corresponding to the top of the knee

. ! L Note 8—The shape of the initial portion of an autographically
(Fig. 7), or the stress at which the curve drops as the yield determined stress-strain (or a load-elongation) curve may be influenced by

point. numerous factors such as the seating of the specimen in the grips, the
14.1.3 Total Extension Under Load Method—When testing straightening of a specimen bent due to residual stresses, and the rapid
material for yield point and the test specimens may not exhibit loading permitted in 8.4.1. Generally, the aberrations in this portion of the

i . . - . . curve should be ignored when fitting a modulus line, such as that used to
a well-defined disproportionate deformation that characterizes determine the extension-under-load yield, to the curve. In practice, for a

a yield point as measured by the drop of the beam. halt of the number of reasons, the straight-line portion of the stress-strain curve may
pointer, or autographic diagram methods described in 14.1.1 not go through the origin of the stress-strain diagram. In these cases it is

Note 5—Automatic devices are available that determine the load at the
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BI.E 1E1E

| Poayryrerw— X eyl I . ]
=T 000 1< e —
6 R L 3/4-10 THD (M20 x 2.5) < R
Dy Ao y— Y|

DO A — APy
= - - IE S iR
6 3/4-10 THD (M20 % 2.5) G R

v

8| : LB
s ==
G [
.
+ v e e . DIMENSIONS
Specimen 1 s oedingn2 Specimen 3 Specimen 4 Specimen 5
in. in. mm in. mm in. mm
G—Gauge length 2.000x 2.000+ 50.0 = 2.000x 50.0 £ 2.00x 50.0 =
0.005 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500 = 0.500 = 1252 0.500 = 12.5¢ 0.500« 125z
0.010 0.010 025 0.010 025 0.010 025
A—Radius of fillet, min 38 e 2 35 10 £ 10
A—Length of reduced 24, min ‘ap' b . 100, ap- 24, min 60, min 2Va , min 60, min
section [aXb o o o Proxi-
. ’rTfa?eD/' + 3 mately
Lt—Overall length, approximate 5 4% 120 Qe 240
B—Grip section 1%, ap- Vo, ap- 13, ap- 3, min 75, min
{Note 2) proxi- proxi-
mately mately
C—Diameter of end section % 22 Ya 20
E—Length of shoulder and 3 20 5 16
fillet section, approximate
F—Diameter of shoulder 58 16 192 15

Note 2—On Speclmen 511‘ &g if possllﬂ"lg 1< mqke the lengtlf of the grip sectlohg:e}\fenough to allow Qng §Rec1}rten to extend into the grips
a distance equal to two thlrds sremore of lhe leng -of the0gr1ps

Note 3—The types of ends sheown appllcable e standaed ©.500-in. round tensiow {est specimen; simil

pes can be used for subsize
specimens. The use of UNF series of thfeads (34 by.l6 ‘/z 20, ‘451)3/23, and ¥4 by 28} is';ﬁﬁgesled for high- stxwgn'rﬂ)xmle materials to avoid fracture
in the thread portion. M e

re e

FIG. 5 Suggested Ty:p.es.of .E 'Standard Rot_u_u; "I'ensit;fi'qug Specimérs

it

=I=a=ﬂ= &

R
DIMENSIONS
Specimen 1 Specimen 2 Specimen 3

in. mm in. mm in. mm
G—Length of parallel Shall be equal to or greater than diameter D
D—Diameter 0.500 + 0.010 12,52 0.25 0.750 + 0.015 20.0 2 0.40 1.25 £ 0.025 30.0 = 0.60
R—Radius of fillet, min 1 25 1 25 2 50
A—Length of reduced section, min 1Va 32 112 38 2 60
L—Over-all length, min 3% 95 4 100 6% 160
B—Girip section, approximate 1 25 1 25 1% 45
C—Diameter of end section, approximate Y 20 1% 30 1% 48
E—Length of shoulder, min Va [ Va [ %6 8
F—Diameter of shoulder S £ Voa 16.0 = 0.40 1846 = Yoa 24.0 = 0.40 1746 = Vo 36.5 =040

Note 1—The reduced section and shoulders (dimensions A, D, E, F, G, and R) shall be shown, but the ends may be of any form to fit the holders of
the testing machine in such a way that the load shall be axial. Commonly the ends are threaded and have the dimensions B and C given above.
FIG. 6 Standard Tension Test Specimens for Cast Iron



Ay A370_17
il

TABLE 1 Multiplying Factors to Be Used for Various Diameters of Round Test Specimens

Standard Specimen

Small Size Specimens Proportional to Standard

0.500 in. Round

0.850 in. Round

0.250 in. Round

D;:ti:ﬁtler, A_reza, Multiplying Di/:?r:l-tleiler, A_reza, Multiplying D;:ti:ftitler, A_reg, Multiplying
: in. Factor : in: Factor : in. Factor
in. in. in.

0.490 0.1886 5.30 0.343 0.0924 10.82 0.245 0.0471 21.21
0.491 0.1893 5.28 0.344 0.0929 10.76 0.246 0.0475 21.04
0.492 0.1901 5.26 0.345 0.0935 10.70 0.247 0.0479 20.87
0.493 0.1909 524 0.346 0.0940 10.64 0.248 0.0483 20.70
0.494 0.1917 522 0.347 0.0946 10.57 0.249 0.0487 20.54
0.495 0.1924 5.20 0.0951 10.51 0.250 0.0491 20.37
0.496 0.1932 5.18 0.0957 10.45 0.251 0.0495 20.21
(0.054 (20.09
0.497 0.1940 5.15 0.0962 10.39 0.252 0.0499 20.05
(0.05 (20.09*
0.498 0.1948 513 0.0968 10.33 0.253 0.0503 19.89
(0.054 (20.09
0.499 0.1956 0.0973 10.28 0.254 0.0507 19.74
0.500 0.1963 0.0979 10.22 0.255 0.0511 19.58
0.501 0.1971 0.0984 10.16
0.502 0.1979 0.0990 10.10
0.503 0.1987 0.0995 e 0 s 10.05
o (g
0.504 0.1995 0.300% 9.99
(02" 0.0
0.505 0.2003 e
(02"
0.506 0.2011
0.507
0.508
0.509
0.510
n
;
H3
|
'
)
)
)
)
)
|
n '
a |
14} I
- & !
2 5 :
e a !
& = :
> )
)
)
|
Strain ]
X o m
Strain _»:
o m om = Specified Extension Under Load

FIG. 7 Stress-Strain Diagram Showing Yield Point Corresponding
with Top of Knee

not the origin of the stress-strain diagram, but rather where the straight-
line portion of the stress-strain curve, intersects the strain axis that is
pertinent. All offsets and extensions should be calculated from the
intersection of the straight-line portion of the stress-strain curve with the
strain axis, and not necessarily from the origin of the stress-strain diagram.
See also Test Methods E&/E8M, Note 32.

14.2 Yield Strength—Yield strength is the stress at which a
material exhibits a specified limiting deviation from the pro-

FIG. 8 Stress-Strain Diagram Showing Yield Point or Yield
Strength by Extension Under Load Method

portionality of stress to strain. The deviation is expressed in
terms of strain, percent offset, total extension under load, and
so forth. Determine yield 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
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modulus characteristic of the material being tested may be
drawn. Then on the stress-strain diagram (Fig. 9) lay off Om
equal to the specified value of the offset, draw mn parallel to
OA, and thus locate r, the intersection of mn with the
stress-strain curve corresponding to load R, which 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 after the term yield
strength, for example:

Yield strength (0.2 % offset) = 52000 psi (360.MPa) (1)
..

When the offset is 0.2 % or larger, the exw’n
shall quality as a Class B2 device over a stram-ra
1.0 %. If a smaller offset is specified, it may e ROC 9a¢y to
specity a more accurate device (that is, adlaw:ﬁ; :de“c:a) or
reduce the lower limit of the strain raﬂ @o( or excmq}:l
0.01 %) or both. See also Note 10 for ﬂutomatlc devic

Note 9—For stress-strain diagrams not commmng a distinct modulus,
such as for some cold-worked materials, it:ii "recommended , that th
extension under load method be utilized. If th offset meghpg spusgd for
materials without a distinct modulus, a modulus Valueu proprpa@e-foplhe
material being tested should be used: 30 000 0G¢ @s3 $20¥ M oie.
carbon steel; 29 000 000 psi (200,000 NIPa) i} tetrtn:c’g‘ﬂqws} Spetns ©
28 000 000 psi (193 000 MPa) f!) fe‘n Fox -special
alloys, the producer should be &omtacied te & te modulus
values. ceveer

14.2.2 Extension Undar: l:md wre
mine the acceptance @me!ectlon of materml
characterlstlcs are;well dmown from ppe»v

Yose stress strai
tests of similar
Blotted the‘total
spec1ﬁed~@ffset
hin samfﬂetory
s eoes

11m1t§ The stress on the spec1men, when thss totalsgteain is

w
]
4

n

’ Strain

om = Specified Offset

FIG. 9 Stress-Strain Diagram for Determination of Yield Strength
by Offset Method
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reached, is the value of the yield strength. In recording values
of yield strength obtained by this method, the value of
“extension” specified or used, or both, shall be stated in
parentheses after the term yield strength, for example:

Yield strength (0.5% EUL) = 52000 psi (360 MPa) 2)
The total strain can be obtained satisfactorily by use of a
Class Bl extensometer (Note 5, Note 6, and Note 8).

Norte 10—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 11—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 length = (YS/E)+r

(3)

Specified yield strength, psi or MPa,
= hiddulus of elasticity, psi or MPa, and
Jintiting plastic strain, in./in.

I
E

Tensile Strength—Calculate the tensile strength by

sqividing the maximum load the specimen sustains during a

e

gngion test by the original cross-sectional area of the speci-
men. If the upper yield strength is the maximum stress
recorded and if the stress-strain curve resembles that of Test
Methods ES/E8M-15a Fig. 25, .the maximum stress after
discomtipiphs yielding shal] pg refjdrted as the tensile strength
unless Qljngr;wlse stated by $hg pufchaser

1441 Fn the ends o (h.‘e. fractured specimen together
cargfutly and‘mgqﬁyre the dignjce,between the gauge marks to
the nearest 0.01 in. (0.25 rhfif) Tof 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 length, expressed as a percentage of the
original gauge length. In recording elongation values, give both
the percentage increase and the original gauge length.

14.4.2 If any part of the tracture 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
measured 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.

14.4.3 Automated tensile testing methods using extensom-
eters allow for the measurement of elongation in a method
described below. Elongation may be measured and reported
either this way, or as in the method described above, fitting the
broken ends 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
with fracture. For many ductile materials not exhibiting a
sudden decrease in force, the elongation at fracture can be
taken as the strain measured just prior to when the force falls
below 10 % ot the maximum tforce encountered during the test.
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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
for materials having less than 5 % elongation: a class C or
better extensometer for materials having elongation greater
than or equal to 5 % but less than 50 %: and a class D or better
extensometer for materials having 50 % or greater elongation.
In all cases, the extensometer gauge length shall be the nominal
gauge length required for the specimen being te%ted Due to the
lack of precision in fitting fractured ends tooethan the elonga-
tion after fracture using the manual methods-of-tﬁa ?recedmo
paragraphs may differ from the elongatlon a@tupa deter-
mined with extensometers. :

14.4.4.2 Percent elongation at fracmre aleuta
directly from elongation at tractureo m- and be’ reported
instead of percent elongation as calculal m 14.4.1. However
these two parameters are not mterchunoeable Use of th
elongation at fracture method oenerally'prowde% more reRea
able results.

14.5 Reduction of AreafFlt the a.n;ié ok sthe s bragty
specimen together and measuruha mealg gi:a:n:a.tgr:c:r:t;n weidth”
and thickness at the smallw cposs se.otr.onot. .13:2 $ame accuracy
as the original dlmensmmv : -he dlﬂusnc
thus tound and the area oﬁ bhe ong-mal-oro vvectlon expressed:

as a percentage of tl.w 1gmal area 1s-t21e veduction of area.
.

“see

ing service pertormance in all bendmoopemtlom

of the bend test is primarily a functlorrof't:hgzlpg}eoﬁbend of
the inside diameter to which the specingers gssbengeand of the
cross section of the specimen. These conglittons are varied
according to location and orientation of the tésf*specimen and
the chemical composition, tensile properties, hardness, type,
and quality of the steel specified. Test Methods E190 and E290

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
must be such that the etfects 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
specifications, to the extent 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 quick
approximation of tensile strength. Tables 2-5 are for the

€ between the area :

he .ﬁraotmehﬁ .

.
e
.
.
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conversion of hardness measurements from one scale to
another or to approximate tensile strength. These conversion
values have been obtained from computer-generated curves
and are presented to the nearest 0.1 point to permit accurate
reproduction of those curves. All converted hardness values
must be considered approximate. All converted Rockwell and
Vickers hardness numbers shall be rounded to the nearest
whole number.

16.2 Hardness Testing:

16.2.1 If the product specification permits alternative hard-
ness testing to determine conformance to a speciﬁed hardness
requirement, the conversions listed in Tables 2-5 shall be used.

16.2.2 When recording converted hardness numbers, the
measured hardness and test scale shall be indicated in
parentheses, for example: 353 HBW (38 HRC). This means
that a hardness value of 38 was obtained using the Rockwell C
S$4lp and converted to a Brinell hardness of 353.
57 Skl st
s Pescription:
Jdef A specified load is applied to a flat surface of the
spédien to be tested, through a tungsten carbide ball of
spédified diameter. The average diameter of the indentation is
wwed as a basis for calculation of the Brinell hardness number.
The quotient of the applied load divided by the area of the
surface of the indentation, which is assumed to be spherical, is
termed tht-Brmell hardness number (HBW) in accordance with
the folkywmg equation:

- V- )]

seee o
X3

ece-
et

HBW P/[(n 2_)( “4)

sea-

wher:; T . v .

HBW = Bitkllhardness siinber,

P = applied load, kgf?*" ~~

D = diameter of the tungsten carbide ball, mm, and
d = average diameter of the indentation, mm.

Norte 12—The Brinell hardness number is more conveniently secured
from standard tables such as Table 6, which show numbers corresponding
to the various indentation diameters, usually in increments of 0.05 mm.

Norte 13—In Test Method E 10 the values are stated in SI 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 tor thin sections or soft materials (see
Annex A2 on Steel Tubular Products). Other loads and differ-
ent size indentors may be used when specified. In recording
hardness values, the diameter of the ball and the load must be
stated except when a 10-mm ball and 3000-kgf load are used.

17.1.3 A range of hardness can properly be specified only
for quenched and tempered or normalized and tempered
material. For annealed material a maximum figure only should
be specified. For normalized material a minimum or a maxi-
mum 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 prop-
erties are not specified.

17.2 Apparatus—Equipment shall meet the following re-
quirements:
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TABLE 2 Approximate Hardness Conversion Numbers for Nonaustenitic Steels” (Rockwell C to Other Hardness Numbers)

Rockwell Superficial Hardness

Rockwell C . Brinell Knoop Rockwell 15N Scale, 30N Scale 45N Scale, .
Scale, 150-kgf Vickers Hardness, Hardness, A Scale, 15Kkgf  30Kkgf 45kgf | Approximate
L " Hardness 60-kgf Load, g g g Tensile

oad, Diamond 3000-kgf Load, 500-gf Load ) Load, Load, Load,

Penetrator Number 10-mm Ball and Over PDlamond Diamond  Diamond  Diamond Strength,

‘enetrator ksi (MPa)

Penetrator  Penetrator ~ Penetrator

&8 940 920 856 932 84.4 75.4
67 900 895 85.0 929 83.6 742
&6 865 870 845 925 82.8 733
85 832 846 839 922 81.9 720
64 800 822 834 918 81.1 710
&3 772 799 828 91.4 80.1 69.9
62 746 776 823 91.1 798 68.8
&1 818 90.7 784 67.7
&0 90.2 775 66.6 .
59 89.8 766 655 351 (2420)
58 89.3 787 64.3 338 (2330)
57 889 748 63.2 325 (2240)
56 88.3 739 62.0 313 (2160)
55 879 73.0 60.9 301 (2070)
54 87.4 720 59.8 292 (2010)
53 86.9 712 586 283 (1950)
52 86.4 702 57.4 273 (1880)
51 859 69.4 56.1 264 (1820)
50 855 68.5 55.0 265 (1760)
49 85.0 67.6 53.8 246 (1700)
48 845 66.7 525 238 (1640)
47 839 514 229 (1580)
46 835 50.3 221 (1520)
45 83.0 49.0 215 (1480)
44 825 47.8 208 (1430)
43 82.0 467 201 (1390)
42 815 455 194 (1340)
M 80.9 44.3 188 (1300)
40 80.4 431 182 (1250)
39 799 419 177 (1220)
38 79.4 408 171 (1180)
37 788 396 166 (1140)
36 783 384 161 (1110)
35 777 372 156 (1080)
34 %2 36.1 152 (1050)
33 766 349 149 (1030)
32 761 337 146 (1010)
al 756 325 141 (970)
30 75.0 313 138 (950)
29 745 30.1 135 (930)
28 739 289 131 (900)
27 733 278 128 (880)
26 272 268 284 633 728 46.8 267 125 (860)
25 266 263 278 62.8 722 459 255 123 (850)
24 260 247 272 624 716 45.0 243 119 (820)
23 254 243 266 62.0 710 44.0 231 117 (810)
22 248 237 261 615 705 432 220 115 (790)
21 243 231 256 61.0 69.9 423 207 112 (770)
20 238 226 251 60.5 69.4 415 19.6 110 (760)

4 This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. It is possible that steels of various compositions and
processing histories will deviate in hardness-tensile strength relationship from the data presented in this table. The data in this table should not be used for austenitic
stainless steels, but have been shown to be applicable for ferritic and martensitic stainless steels. The data in this table should not be used to establish a relationship
between hardness values and tensile strength of hard drawn wire. Where more precise conversions are required, they should be developed specially for each steel
composition, heat treatment, and part. Caution should be exercised if conversions from this table are used for the acceptance or rejection of product. The approximate

interrelationships may affect acceptance or rejection.

17.2.1 Testing Machine—A Brinell hardness testing ma-
chine is acceptable for use over a loading range within which
its load measuring device is accurate to *1 %.

17.2.2 Measuring Microscope—The divisions of the mi-
crometer 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 mm and the estimation of the diameter to
0.05 mm.

Norte 14—This requirement applies to the construction of the micro-
scope only and is not a requirement for measurement of the indentation,
see 17.4.3.

17.2.3 Standard 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
(0.0002 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



" A370 - 17

il

TABLE 3 Approximate Hardness Conversion Numbers for Nonaustenitic Steels* (Rockwell B to Other Hardness Numbers)

Rockwell Superficial Hardness

Rockwell B Rockwell A Rockwell F 15T Scall 30T Scal 45T Scal
Scale, 100- Vickers Brinell Knoop Scalo Scalo kcafe, kcafe, lfaf ' Approximate
kgf Load 14s- Hardness Hardness, Hardness, S0-kat S0-kat 15-kg 30-kg 45-kgf Tensile
in. (1.588- N 3000-kgfLoad,  500-gf Load | P& SV Load, Load, Load, Strength
mm) umoer 10-mm Ball and Over 0ac, Diamon oad, iein. VAe -in. Visdn. Viedn. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mm) Ball mm) Ball
100 93.1 83.1 729 116 (800)
99 928 825 719 114 (785)
98 925 818 709 109 (750)
97 92.1 81.1 69.9 104 (715)
96 918 80.4 68.9 102 (705)
95 915 798 67.9 100 (690)
94 912 791 66.9 98 (675)
93 90.8 784 65.9 94 (650)
92 90.5 778 64.8 92 (635)
91 90.2 771 63.8 90 (620)
90 89.9 76.4 62.8 89 (615)
89 89.5 758 61.8 88 (605)
88 89.2 751 60.8 86 (590)
87 889 74.4 59.8 84 (580)
86 886 738 58.8 83 (570)
85 882 731 57.8 82 (565)
84 879 724 56.8 81 (560)
83 876 718 55.8 80 (550)
82 873 711 54.8 77 (530)
81 86.9 704 53.8 73 (505)
80 86.6 69.7 52.8 72 (495)
79 86.3 69.1 51.8 70 (485)
78 86.0 68.4 50.8 69 (475)
77 856 67.7 498 68 (470)
76 853 67.1 48.8 67 (460)
75 85.0 478 66 (455)
74 847 468 65 (450)
73 4538 64 (440)
72 4438 63 (435)
71 438 62 (425)
70 4238 61 (420)
69 M8 60 (415)
68 408 59 (405)
67 39.8 58 (400)
66 38.7 57 (395)
65 3.7 (385)
64 36.7
63 35.7
62 34.7
61 337
60 327
59 31.7
58 30.7
57 207
56 287
55 277
54 267
53 287
52 247
51 237
50 227
49 217
48 207
47 19.7
46 18.7
45 17.7
44 16.7
43 15.7
42 147
M 136
40 126
39 1.6
38 10.6
37 9.6
36 86
35 76
34 6.6
33 5.6
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TABLE 3 Continued

Rockwell Supetficial Hardness

Rockwel B Rockwell A Rockwell F 15T Scals 30T Scal 45T Scall
Scale, 100- Vickers Brinell Knoop Scale acalo 15 kcafe, % lfafe* 5 lfe;e* Approximate
kgf Load Vie- Hardness Hardness, Hardness, Soket So-kat -Kg -kgi -kgi Tensile
in. (1.588- 3000-kgf Load,  500-gf Load kg ot Load, Load, Load, Strength
mm) Number 10-mm Ball and Over Load, Diamond Load, Ye-in. Yie -in. 1he-in. Vie-in. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mmy) Ball mm) Ball
32 89 27.4 752 710 37.6 46
31 88 27.0 746 707 37.0 3.6
30 87 26.6 74.0 70.4 36.3 2.6

A This table gives the app inter i ips of

walues and approximate tensile strength of steels. Itis possible that steels of various compositions and

processing histories will deviate in hardness-tensile strength [ad.(ign.sbip from the data presented in this table. The data in this table should not be used for austenitic
stainless steels, but have been shown to be applicable for fe;rﬁie andemartensitic stainless steels. The data in this table should not be used to establish a relationship

between hardness values and tensile strength of hard dr‘agzq g/
composition, heat treatment, and part. .

TABLE 4 Approximate Hardness

nore precise conversions are required, they should be developed specially for each steel

Rockwell C Scale, 150-kgf Rockwell A Scé& éo-kgf

Lees Rockwell Superficial Hardness

Load, Diamond Penetrator Load, Diamon}ifenelralor

15N Scala, 34-6cf Caad,e
< Biamond ParRaare * ¢

30N Scale, 30-kgf Load,
Diamond Penetrator

45N Scale, 45-kgf Load,
Diamond Penetrator

66.2 52.1
653 50.9
845 49.8
636 487
62.7 475
618 46.4
610 45.2
80.1 44.1
59.2 430
58.4 4.8
57.5 407
56.6 39.6
55.7 38.4
54.9 37.3
54.0 36.1
53.1 35.0
52.3 ¢ 33.9
51.4 327
50.5 31.6
496 30.4
488 29.3
47.9 28.2
47.0 27.0
462 25.9
453 24.8
4.4 236
435 225
427 21.3
4.8 20.2

3000 kgf against the test specimen. Steel ball indentors are no
longer permitted for use in Brinell hardness testing in accor-
dance with these test methods.

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 or other marking showing the effect of the load
appears on the side of the piece opposite the indentation.

17.4 Procedure:

17.4.1 It is essential that the applicable product specifica-
tions state clearly the position at which Brinell hardness
indentations are to be made and the number of such indenta-
tions required. The distance of the center of the indentation

from the edge of the 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 Method E10.

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

17.4.4.1 If aball is used in a test of a specimen which shows
a Brinell hardness number greater than the limit for the ball as
detailed in 17.4.4, the ball shall be either discarded and
replaced with a new ball or remeasured to ensure conformance
with the requirements of Test Method E10.

17.5 Brinell Hardness Values:
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TABLE 5 Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell B to other Hardness Numbers)

Rockwell B Rockwell Superficial Hardness
Scale, 100- Brinell Indentation Brinell Hardness, Rockwell A Scale, 15T Scale, 30T Scale, 45T Scale,
kgf Load, Yie- Diameter. mm 3000-kgf Load, 60-kgf Load, 15-kgf Load, 30-kgf Load, 45-kgf Load,

in. (1.588- ’ 10-mm Ball Diamond Penetrator he-in. (1.588- he-in. (1.588- he-in. (1.588-

mm) Ball mm) Ball mm) Ball mm) Ball
100 379 256 61.5 91.5 80.4 702
99 3.85 248 60.9 91.2 797 69.2
98 391 240 60.3 90.8 79.0 68.2
o7 3.96 233 59.7 90.4 783 67.2
96 4.02 226 59.1 90.1 777 66.1
95 4.08 219 58.5 89.7 77.0 65.1
94 4.14 768 64.1
93 4.20 756 63.1
92 424 749 62.1
91 4.30 742 61.1
90 4.35 735 60.1
89 4.40 728 59.0
88 4.45 721 58.0
87 4.51 714 57.0
86 4.55 707 56.0
85 4.60 70.0 55.0
84 4.65 69.3 54.0
83 470 68.6 52.9
82 474 67.9 51.9
81 4.79 67.2 50.9
80 4.84 66.5 499

17.5.1 Brinell hardness vajssipfl ned dbsdedlchhted by a
number alone because it is ng§ ¢S 0§ it SWMich indenter
and which force has been ¢ihpliykd i hiakddd detest. Brinell
hardness numbers shall B §dbtved by thedsyhitio] HBW, and
be supplemented by ansihllés indicating thd ¢é<ticdhnditions in
the following order: M . .

175.1.1 Diameter of 286 3,

17.5.1.2 A value repre%eﬁﬁ g XHE: ﬁﬁplied 154

15 s.
17.5

RS
o0

.1.4 The only exception to the abové saq'mrcmen
the HBW 10/3000 scale when a 10 to 15 s diells

{

Only in the case of this one Brinell hardnéses
designation be reported simply as HBW. i

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

with a test force of 1500 kgf applied for 10to 15 s.

17.6 Detailed Procedure—For detailed requirements of this
test, reference shall be made to the latest revision of Test
Method E[0.

18. Rockwell Test

18.1 Description:

18.1.1 In this test a hardness value is obtained by determin-
ing the depth of penetration of a diamond point or a tungsten
carbide ball into the specimen under certain arbitrarily fixed
conditions. A minor load of 10 kgt 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 is applied increasing the depth of indentation. The
major load is removed and, with the minor load still acting, the

RogB&el mumber, which is proportional to the difference in
péielihlibn between the major and minor loads is determined:

i< S%sually done by the machine and shows on a dial, digital

o splay. printer, or other device. This is an arbitrary number

which mcre’tses with mcre'lsmg hardness The scales most
trequently-wdﬂre as follows

. Major Minor
S?/i:ll)ij . . M Penetrator * Load, Load,
N kgf kgf
‘e e soun
B, V%30, Wwngsten carbideiohit 100 10
C-- Diamendebrale 150 10

..
e

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 kgt are applied on a tungsten carbide (or a hardened
steel) ball or diamond penetrator, to cover the same range of
hardness 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 Specifications A623 and A623M using
HRI15T 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 steel ball.) The superficial hardness
scales are as follows:

Scale Major Minor
Symbol Penetrator Load, Load,
il kaf kaf
15T Yie-in. tungsten carbide or steel 15 3

ball
30T Yie-in. tungsten carbide or steel 30 3
ball
45T Ye-in. tungsten carbide ball 45 3
15N Diamond brale 15 3
30N Diamond brale 30 3
45N Diamond brale 45 3
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TABLE 6 Brinell Hardness Numbers”*
(Ball 10 mm in Diameter, Applied Loads of 500, 1500, and 3000 kgf)

Diameter Brinell Hardness . Brinell Hardness Diameter Brinell Hardness . Brinell Hardness
of Indenta- Number Dlamfeler Number of Number Dlamfeter Number

tion,mm  “500.  1500- 3000- Indenta. 500~ 1500- 3000- Indenta-  “500. " 1500- 3000- Indonta. 500~ 1500~ 3000-
kaf kaf  kof tion, mm kaf  kof  kgf tion, mm kgf kof  kgf tion, mm kgf kgf kgf
Load Load Load Load Load Load Load Load Load Load Load Load
2.00 158 473 945 325 58.6 176 362 4.50 208 89.3 179 575 175 52.5 105
2.01 156 468 936 326 58.3 175 350 4.51 206 888 178 576 17.4 52.3 105
2.02 154 463 926 327 57.9 174 347 4.52 205 88.4 177 577 17.4 52.1 104
203 153 459 917 328 57.5 173 345 4.53 203 88.0 176 578 17.3 51.9 104
2.04 151 454 908 329 57.2 172 343 4.54 202 876 175 5.79 17.2 51.7 108
2.05 150 450 899 170 341 4.55 20.1 872 174 5.80 17.2 51.5 108
2.06 148 45 339 4.56 289 86.8 174 581 171 51.3 108
207 147 441 337 4.57 288 86.4 173 5.82 17.0 51.1 102
2.08 146 437 335 4.58 287 86.0 172 5.83 17.0 50.9 102
2.09 144 1333 4.59 285 856 17 5.84 16.9 50.7 101
2.10 143 31 4.60 284 85.4 170 5.85 16.8 50.5 101
2.1 141 329 283 848 170 5.86 16.8 50.3 101
2.12 140 28.1 84.4 169 587 16.7 50.2 100
213 139 28.0 84.0 168 5.88 16.7 50.0 99.9
2.14 137 279 836 167 5.89 16.6 49.8 99.5
215 136 27.8 83.3 167 5.90 16.5 496 99.2
2.16 135 :4.% 278 829 166 591 16.5 49.4 98.8
217 134 Ad 825 165 5.92 16.4 49.2 98.4
2.18 132 :4.% 821 164 593 16.3 49.0 98.0
219 131 44 818 164 5.94 16.3 488 97.7
220 130 am 81.4 163 5.95 16.2 487 97.3
221 129 A 81.0 162 5.96 16.2 485 96.9
222 128 807 161 597 16.1 48.3 96.6
223 126 80.3 161 5.98 16.0 48.1 96.2
224 125 799 160 5.99 16.0 47.9 95.9
225 124 796 159 6.00 15.9 477 95.5
226 123 792 158 6.01 15.9 476 95.1
227 122 . 789 158 6.02 15.8 47.4 94.8
228 121 0% 157 472 944
229 120 = 15.7 47.0 94.1
2.30 119 15.6 46.8 93.7
231 118 15.6 48.7 93.4
2.32 17 15.5 46.5 93.0
233 116 15.4 46.3 927
2.34 115 15.4 46.2 92.3
235 114 15.3 46.0 92.0
2.36 113 15.3 458 91.7
237 112 15.2 457 91.3
2.38 11 15.2 455 91.0
2.39 110 15.1 453 90.6
240 109 15.1 452 90.3
241 108 15.0 45.0 90.0
242 107 14.9 448 89.6
243 106 14.9 447 89.3
244 105 14.8 445 89.0
245 104 14.7 443 88.7
246 104 14.7 442 88.3
247 103 14.7 44.0 88.0
248 102 14.6 438 87.7
249 101 14.6 437 87.4
2.50 100 14.5 435 87.1
251 99.4 14.5 434 86.7
2.52 986 14.4 432 86.4
253 978 14.4 43.1 86.1
2.54 97.1 14.3 429 85.8
255 96.3 14.2 27 85.5
2.56 965 14.2 426 85.2
257 948 14.1 424 84.9
2.58 94.0 14.1 423 84.6
2.59 933 14.0 421 84.3
2.60 926 14.0 420 84.0
261 918 13.9 41.8 83.7
2.62 911 13.9 41.7 83.4
263 90.4 13.8 41.5 83.1
264 897 13.8 41.4 82.8
265 89.0 13.7 41.2 825
266 88.4 13.7 41.1 822
267 877 13.6 409 81.9
2.68 87.0 13.6 40.8 81.6
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TABLE 6 Continued

Diameter Brinell Hardness ) Brinell Hardness Diameter Brinell Hardness ) Brinell Hardness
of Indenta- Number Dlamfeler Number of Number Dlamfeler Number

tion, MM “5p0. 1500 3000- Indonta. 500~ 1500-3000- Indenta- 500, 4500- 3000- indonta. 500~ 1500- 3000-
kgt kgf kgf tion, mm kgf kgt kgf tion, mm kgf kgf kgt tion, mm kgf kgf kgf
Load Load Load Load Load Load Load Load Load Load Load Load
2.69 86.4 259 518 3.94 39.4 118 236 5.19 219 65.8 182 6.44 13.5 406 81.3
270 857 257 514 3.95 39.1 17 235 5.20 218 655 1381 6.45 13.5 40.5 81.0
271 85.1 255 510 3.96 38.9 17 234 521 217 652 180 6.46 13.4 40.4 80.7
272 84.4 253 507 116 232 522 2186 64.9 180 6.47 13.4 40.2 80.4
278 83.8 251 503 231 523 2186 647 129 6.48 13.4 40.1 80.1
274 832 250 499 230 524 215 64.4 129 6.49 13.3 39.9 79.8
275 826 248 495 229 525 214 64.1 128 6.50 13.3 39.8 79.6
276 819 246 5.26 218 63.9 128 6.51 13.2 39.6 79.3
277 813 244 527 212 636 127 6.52 13.2 39.5 79.0
278 80.8 242 528 21.1 63.3 127 6.53 13.1 39.4 78.7
279 80.2 240 5.29 21.0 63.1 126 6.54 13.1 39.2 78.4
2.80 796 239 5.30 209 62.8 126 6.55 13.0 39.1 78.2
2.81 79.0 626 125 6.56 13.0 38.9 78.0
2.82 784 62.3 125 6.57 12.9 38.8 778
2.83 779 62.1 124 6.58 12.9 38.7 77.3
2.84 773 618 124 6.59 12.8 38.5 77.1
2.85 76.8 615 123 6.60 12.8 38.4 76.8
2.86 762 61.3 123 6.61 12.8 38.3 76.5
2.87 757 61.0 122 6.62 127 38.1 76.2
2.88 751 60.8 122 6.63 127 38.0 76.0
2.89 746 60.6 121 6.64 12.6 37.9 75.7
2.90 741 60.3 121 6.65 12.6 37.7 754
2.91 736 125 37.6 752
2.92 73.0 125 37.5 74.9
2.93 725 12.4 37.3 74.7
2.94 72.0 12.4 37.2 74.4
2.95 715 12.4 37.1 74.1
2.96 71.0 12.3 36.9 73.9
2.97 705 12.3 36.8 736
2.98 70.1 122 36.7 734
2.99 69.6 122 36.6 73.1
3.00 69.1 121 36.4 72.8
3.01 68.6 121 36.3 72.6
3.02 682 121 36.2 72.3
3.03 677 12.0 36.0 721
3.04 673 12.0 359 71.8
3.05 66.8 1.9 35.8 71.8
3.06 66.4 1.9 35.7 71.3
3.07 85.9 11.8 355 71.1
3.08 855 11.8 354 70.8
3.09 85.0 11.8 35.3 70.6
3.10 646 . 1.7 352 704
an 642 1938 385 965 191 5.61 1.7 35.1 70.1
3.12 63.8 191 383 95.0 190 5.62 1.6 34.9 69.9
313 633 190 380 94.5 189 5.63 1.6 34.8 69.6
3.14 629 189 378 94.1 188 5.64 1.6 34.7 69.4
3.15 625 188 375 936 187 5.65 1.5 34.6 69.2
3.16 62.1 186 373 932 186 5.66 1.5 34.5 68.9
317 617 185 370 927 185 5.67 11.4 34.3 68.7
3.18 613 184 368 923 185 5.68 11.4 34.2 68.4
3.19 60.9 183 366 918 184 5.69 11.4 34.1 68.2
3.20 60.5 182 363 914 183 5.70 1.3 34.0 68.0
321 60.1 180 361 4.46 303 910 182 571 17.8 53.3 107 6.96 1.3 33.9 67.7
322 59.8 179 359 447 30.2 905 181 572 177 53.1 106 6.97 1.3 33.8 67.5
323 59.4 178 366 4.48 30.0 90.1 180 573 17.6 529 106 6.98 1.2 336 67.3
324 59.0 177 354 4.49 209 897 179 574 17.6 527 105 6.99 1.2 335 67.0

4 Prepared by the Engineering Mechanics Section, Institute for Standards Technology.

18.2 Reporting Hardness—In recording hardness values, the HR30TW. The suffix Windicates use of a tungsten carbide ball.
hardness number shall always precede the scale symbol, for The suffix S indicates use of a hardened steel ball as permitted
example: 96 HRBW, 40 HRC, 75 HRISN, 56 HR30TS, or 77 in 18.1.2.
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18.3 Test Blocks—Machines should be checked to make (1) 40 HRC/P where 40 is the hardness test result using the
certain they are in good order by means of standardized Rockwell C portable test method.
Rockwell test blocks. (2) 72 HRBW/P where 72 is the hardness test result using

the Rockwell B portable test method using a tungsten carbide

18.4 Detailed Procedure—For detailed requirements of this :
ball indenter.

test, reference shall be made to the latest revision of Test

Methods EI8. 19.1.4.2 Brinell Hardness Examples:
(1) 220 HBW/P 10/3000 where 220 is the hardness test
19. Portable Hardness Test result using the Brinell portable test method with a ball of

. 10 mm diameter and with a test force of 3000 kgf (29.42 kN)
19.1 Although this standard generally prefers (i, use of applied for 105 to 15 s.
fixed-location Brinell or Rockwell hardness test mpdds; it is (2) 350 HBW/P 5/750 where 350 is the hardness test result
not always possible to perform the hardness te§g 04i08 3P¢h  using the Brinell portable test method with a ball of 5 mm
equipment due to the part size, location, or,qth$f 34gis8<¢d .  diameter and with a test force of 750 kgf (7.355 kN) applied for
reasons. In this event, hardness testing usingsf3drsble 2§ids. 10sto 15s.
ment as described in Test Methods A956,0 83038, and EJIQ:

shall be used with strict compliance for$pdfting the test; CHARPY IMPACT TESTING
results in accordance with the selected stanlli3’ (see examples
below). Standard Practice A833 may be used sdlthough it mighg .o Stdidary

. NN . ceeessore.
not always be suitable as a criterion for accéptanc.e.(tr:r?jebﬁég 20t +A Cligrpy V-notch impact test is a dynamic test in
since Practice A833 does not contain a precidn whils §id

at N AL St b ot hich® § api¢ied specimen is struck and broken by a single
statemen Leeantt Llititteratetveerblow fif nashrcially designed testing machine. The measured
19.1.1 Practice. A833—The -meawreq.lgz:rfig ses agimter test §3Ip1¢¢ May be the energy absorbed, the percentage shear
el m‘t}‘o‘jg and  fraethiges Yhe lateral expansion opposite the notch, or a combi-

shall be reported in accordance > wathethe smd
given the HBC deslonatlon'fals)wed lzy: fk:e-oomgaratlve test U"m(ﬂ (Hereof.
bar hardness to indicate thcvto was Jetermmad’- Iv! a portable - se

comparative hardness teetar 28 1h the followm- example: Lo '20‘2 Testing temperatures other than room (ambient) tem-
19.1.1.1 232 HBC/240whe1~e 232 is the ha o5 bes test result | perature often are specified in product or general requirement

th tabl A S AOSI thods pA X34 and 240 specificatippg s(hereinafter referrdd t¢ as the specification).
using the portable comparayyq teyf method, REY an 1§ Although th¢ testing temperatifre *i8 shimetimes related to the

the Brinell hardness of the §Qiipingiye test ‘opg b4
19.1.2 Test Method A956-* 55 %%+ o 22T le;(éane;zi;i-s.es\?cé temperature, tl‘fe Mq’,temperatures need not be

19.1.2.1 The measured hardness number skall bé repoited dd .
R [ sager e vl
accordance with the standard methods and ozu.p?endad' waﬁn'.a 2L Si ‘ﬁcance' sl Use
Leeb impact device in parenthesis to mdmsa &Rats ite was 8

determined by a portable hardness tester, ac, ,r; thes folfoaving 21.1 Ductile vs. Brittle Behavior—Body-centered-cubic or
example: ceses’t ferritic alloys exhibit a significant transition in behavior when

(1) 350 HLD where 350 is the hardness tegtregui.ugmo the impact tested over a range of temperatures. At temperatures
portable Leeb hardness test method with the HIED impact above transition, impact specimens fracture by a ductile
device. (usually microvoid coalescence) mechanism, absorbing rela-

19.1.2.2 When hardness values converted from the Leeb  lively large amounts of energy. At lower temperatures, they
number are reported, the portable instrument used shall be  fracture in a brittle (usually cleavage) manner absorbing
reported in parentheses, for example: appreciably less energy. Within the transition range, the frac-
(1) 350 HB (HLD) where the original hardness test was ture will generally be a mixture of areas of ductile fracture and
performed using the portable Leeb hardness test method with ~ brittle fracture.
the HLD impact device and converted to the Brinell hardness 21.2 The temperature range of the transition from one type
value (HB) of behavior to the other varies according to the material being
19.1.3 Test Method A1038—The measured hardness number  tested. This transition behavior may be defined in various ways
shall be reported in accordance with the standard methods and for specification purposes.

appended with UCI in parenthesis to indicate that it was 21.2.1 The specification may require a minimum test result
determined by a portable hardness tester, as in the following for absorbed energy, fracture appearance, lateral expansion, or
example: a combination thereof, at a specified test temperature.
19.1.3.1 446 HV (UCI) 10 where 446 is the hardness test 21.2.2 The specification may require the determination of
result using the portable UCI test method under a force of  the transition temperature at which either the absorbed energy
10 kgf. or fracture appearance attains a specified level when testing is

19.1.4 Test Method E//0—The measured hardness number  performed over a range of temperatures. Alternatively the
shall be reported in accordance with the standard methods and specification may require the determination of the fracture
appended with a /P to indicate that it was determined by a  appearance transition temperature (FATTn) as the temperature
portable hardness tester, as follows: at which the required minimum percentage of shear fracture (n)

19.1.4.1 Rockwell Hardness Examples: is obtained.
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21.3 Further information on the significance of impact
testing appears in Annex AS.

22, Apparatus

22.1 Testing Machines:

22.1.1 A Charpy 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. Smce
the height to which the pendulum is raised prior to its swsin
and the mass of the pendulum are known, the energye of
blow is predetermined. A means is provided to in
energy absorbed in breaking the specimen.

22.1.2 The other principal feature of the machigd Ls.cmﬂxture M

(see Fig. 10) designed to support a test specimer} §i$ h*simple

beam at a precise location. The fixture is arrangedeso that the
notched face of the specimen is vertical. The penduliim strikes

..oo

to Fig. 10.
22.1.3

excess ot the absorbed energ
Methods E23). The linear velocaty
be in the range of 16 to 19 fils §4E§ @ 518 m/s). '

30°£2°

STRIKING EDGE 0.25-mm rad (0.010")

4 mm (0.157")

Center of Strike
1-mm rad

{0.039") 40 mm (1.574")

SPECIMEN 90°29'
(2.5:1000)

w Center of
Strike (W/2)
Specimen
ANVIL— = Suppart
Lo

All dimensional tolerances shall be =0.05 mm (0.002 in.) unless otherwise
specified.

Note 1—A shall be parallel to B within 2:1000 and coplanar with B
within 0.05 mm (0.002 in.).

Note 2—C shall be parallel to D within 20:1000 and coplanar with D
within 0.125 mm (0.005 in.).

Note 3—Finish on unmarked parts shall be 4 pm (125 pin.).

Note 4—Tolerance for the striker corner radius shall be -0.05 mm (.002
in.)/+0.50 mm (0.020 in.)

FIG. 10 Charpy (Simple-Beam) Impact Test

the other vertical face directly opposite the notchs The dimesi+ » +
Ceeges

Charpy machines used to:,&;dﬂd sxeej Lﬁlﬂ'ﬂ(\/:"
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Note 15—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
controlled 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 lig-
uids such as mineral or silicone oils. Circulating air ovens may
e used.

2.3 Handling Equipment—Tongs, especially adapted to fit
e notch in the impact specimen, normally are used for
* we¢moving the specimens from the medium and placing them on
the anvil (refer to Test Methods E23). In cases where the
machjne fiztuge does not provide for automatic centering of the
2 d8st spegifens ;h;e‘lgngs may be precision machined to provide

*EhEring
Sampling antsNumber of Specimens

23.1 Sm;'zms:

3.0,k oTost l:ocation and orientation should be addressed by
the specsftoations. If not, for wrought products, the test location
shall-be the same as that for the tensile specimen and the
orientation shall be longitudinal with the notch perpendicular
to the major surfacesaf the product beirrge tested.
¢ 23.1.2 NumbersgfsSpecimens. M R
23.1.2.1 All spggintens used for a @harpy impact test shall
taken fronr pespigle test coupory pr tesy 1ocation.
023122 Whep'the'ﬁpecmcatlon' ealfssfor a minimum aver-
’1ge test resul(, #three spegipyens shall besested.

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

23.2 Type and Size:

23.2.1 Use a standard full size Charpy V-notch specimen as
shown in Fig. |1, except as allowed in 23.2.2.

23.2.2 Subsized Specimens.

23.2.2.1 For flat material less than %1 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
thickness does not permit a standard full size specimen, use
standard subsize test specimens or standard size specimens
containing outer diameter (OD) curvature as follows:

(1) Standard size specimens and subsize specimens may
contain the original OD surface of the tubular product as shown
in Fig. 12. All other dimensions shall comply with the
requirements of Fig. 11.

ssee o

Note 16—For materials with toughness levels in excess of about
50 ft-1bs, specimens containing the original OD surface may yield values
in excess of those resulting from the use of conventional Charpy
specimens.

S Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:A01-1001.



S

e

b L2 Ezmm(cowm)
T (0.010 m] rad.
H m
; _Q}mmj\,
—55mm — :
(Zv16L5 in.y (0.394 in.) 45°

Note 1—Permissible variations shall be as follows:
90 x2°

90° = 10 min

£0.075 mm (0.003 in.)

Notch length to edge
Adjacent sides shall be at
Cross-section dimensions
Length of specimen (L) +0,-25mm (+0,-0.100in.)
Centering of notch (L/2) +1 mm (x0.039 in.)
Angle of notch +1°
Radius of notch +0.025 mm (x0.001 in.)
Notch depth +0.025 mm (x0.001 in.)
Finish requirements 2 pm (63 pin.) on nolchea sw’fﬁ
opposlte °

sutfaces
(a) Standard Full Size Specim

5 mm
Em in)

3.3mm
(. 130 in. )

R(o 098 m)

il

2 mm (0.079 in.)

10 mm
(0.394 in.)

Note 2—On subsize speclme
standard specimen remain conesanis
varies as shown above and §¢reWt§ch the tolerancd §hall J)é *1%.

(b) Sténdagdesubsiz

.
RPN

23.2.2.3 If astandard full-size specimen $§rdidf b bt@med
the largest feasible standard subsize spectrddid 8413 h&? pre-
pared. The specimens shall be machined so tH:} 38¢ $ecimen
does not include material nearer to the surface‘thiﬁ I)'.OZO in.
(0.5 mm).

23.2.2.4 Tolerances for standard subsize specimens are

shown in Fig.
10x 7.5 mm,
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 critical, a:
minor deviations in both notch radius and profile, or tool marks
at the bottom of the notch may result in variations in test data,
particularly in materials with low-impact energy absorption.
(see Annex AS).

I1. Standard subsize test specimen sizes are:
10x 6.7 mm, 10x5 mm, 10x 3.3 mm, and

24. Calibration

24.1 Accuracy and Sensitivitv—Calibrate and adjust Charpy
impact machines in accordance with the requirements of Test
Methods E23.

5 mm '
Y(ﬁ(zgs iny
to
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25. Conditioning—Temperature Control

25.1 When a specific test temperature is required by the
specification or purchaser, control the temperature of the
heating or cooling medium within +2 °F (I °C).

Norte 17—For some steels there may not be a need for this restricted
temperature, for example, austenitic steels.

Note 18—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 tor handling test
specimens at the same temperature as the specimen so as not to
affect the temperature at the notch.

o -262 :Poszttonmg and Breaking Specimens:
':Z(f‘z.j.ﬁar,e_tully center the test specimen in the anvil and
reléad¢ 310¢ pedqulum to break the specimen.

062622315t pendulum is not released within 5 s after
femovi§§ e specimen from the conditioning medium, do not
break o8¢ Specimen. Return the specimen to the conditioning
medldend For the period required in 26.1.1.

123222

+ 283 "Recovering Specimens—In the event that fracture ap-
, oPéatince or lateral expansion must be determined, recover the
" matched pleces of each broken spe imen before breaking the
next specmwn. .
‘oo o

26.4 Indﬁzdwd Test Values teees!

26.4.1., krididct energy—Reaard iﬁe impact energy absorbed
to the nehidst Tt‘lbf . et

26.4.2, 2 racrum-;%p.peamnce e

26.4.21 Determine the perccmage of shear fracture area by
any of the following methods:

(1) Measure the length and width of the brittle portion of
the fracture surtace, as shown in Fig. |13 and determine the
percent shear area from either Table 7 or Table 8 depending on
the units of measurement.

(2) Compare the appearance of the tracture ot the specimen
with a fracture appearance chart as shown in Fig. [4.

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

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

26.4.2.2 Determine the individual fracture appearance val-
ues to the nearest 5 % shear fracture and record the value.

26.4.3 Lateral Expansion:

26.4.3.1 Lateral expansion is the increase in specimen
width, measured in thousandths of an inch (mils), on the
compression side, opposite the notch of the fractured Charpy
V-notch specimen as shown in Fig. [5.

26.4.3.2 Examine each specimen half to ascertain that the
protrusions have not been damaged by contacting the anvil,

20
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T -
t
| :
i ion Description
A Machined Surface 28 mm Minimum
B Original O Surface 13.5 mm Maximum
T Specimen Thickness Figure 11
t End Thickness 2 T Minimum

FIG. 12 Tubular Impact $pecimen Containing Original OD Surface
e

Natch

[R—

Note |—Measure average dimensions A apd 840 the meardsd D3I in

e

.
.o
.

. sscene

% 0.5 %l
Note 2—Determine the percent shear;fiad$ifelusing JI5§1e v of TINS 8. *

Teesene
coee-
.-

. FLGp ‘I}ppgetmhfation of Percent gf.ear Fracture

'FARL'E’? PérE¢tiShear for Measurpa'l}rp{s Made in Inches

oe-
Note 1—Since this table is semp‘for finite measu!e‘?mms or dimensions A*#hd B, 100% shear is to be reported when either A or B is zero.

Dimen- Dimension A, in. .
S'Oig 005 | o.10 1024 | 026 | BT 030 0.38 | 0.40
, In. e

005 | 98 96 90 90 243188 85 84
010 | 96 92 81 79 4o ¥R 76 69 68
0.12 95 90 77 75 102l o 63 61
014 | 94 89 73 71 |[e68 [ee6 57 55
0.16 94 87 69 67 .1%64 | 8f: 51 48
018 | 93 85 65 62 59 56 45 42
020 | 92 84 61 58 55 52 39 36
022 | 91 82 57 54 50 47 33 29
024 | 90 81 54 50 46 42 27 23
026 | 90 79 50 46 | 37 20 16
028 | 89 77 46 | 37 32 14 10
030 | 88 76 42 37 32 27 9 3
031 | 88 75 40 35 30 25 5 0

machine mounting surface, and so forth. Discard such samples
since they may cause erroneous readings.

26.4.3.3 Check the sides of the specimens perpendicular to
the notch to ensure that no burrs were formed on the sides
during impact testing. If burrs exist, remove them carefully by
rubbing on emery cloth or similar abrasive surface, making
sure that the protrusions being measured are not rubbed during
the removal of the burr.

26.4.3.4 Measure the amount of expansion on each side of
each half relative to the plane defined by the undeformed
portion of the side of the specimen using a gauge similar to that
shown in Figs. 16 and 17.

21

26.4.3.5 Since the fracture path seldom bisects the point of
maximum expansion on both sides of a specimen, the sum of
the larger values measured for each side is the value of the test.
Arrange the halves of one specimen so that compression sides
are facing each other. Using the gauge, measure the protrusion
on each half specimen, ensuring that the same side of the
specimen is measured. Measure the two broken halves indi-
vidually. Repeat the procedure to measure the protrusions on
the opposite side of the specimen halves. The larger of the two
values for each side is the expansion of that side of the
specimen.
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TABLE 8 Percent Shear for Measurements Made in Millimetres

Norte 1—Since this table is set up for finite measurements or dimensions A and B, 100% shear is to be reported when either A or B is zero.

Dimen- Dimension A, mm

ES'%"m 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10
1.0 99 94 93 92 92 o o1 90 89 8 88 88
15 98 91 9% 89 8 87 8 8 8 83 82 81
20 98 77 76 75
25 97 72 70 69
3.0 96 66 64 62
3.5 96 61 58 56
4.0 95 55 52 50
45 94 49 46 44
5.0 94 4 4 37
5.5 93 38 35 3
6.0 92 33 20 25
6.5 92 27 28 19
7.0 91 21 17 12
75 91 16 1 6
8.0 90 10 5 0

FIG. 14 Frachure Appo.a.ranoe'charts and Percent Shear¥
Cersae

26.4.3.6 Measure the individual lateral éxXphddibn values to
the nearest mil (0.025 mm) and record the valdés.

26.4.3.7 With the exception described as follows, any speci-
men that does not separate into two pieces when struck by a
single blow shall be reported as unbroken. The lateral expan-
sion of an unbroken specimen can be reported as broken if the
specimen can be separated by pushing the hinged halves
together once and then pulling them apart without further
fatiguing the specimen, and the lateral expansion measured for
the unbroken specimen (prior to bending) is equal to or greater
than that measured for the separated halves. In the case where
a specimen cannot be separated into two halves, the lateral
expansion can be measured as long as the shear lips can be
accessed without interference from the hinged ligament that
has been deformed during testing.

22

. ] £l
oo
.

*aoture Comp‘araton .
arc es

27. Interpretation of Test Result

27.1 When the acceptance criterion of any impact test is
specified to be a minimum average value at a given
temperature, the test result shall be the average (arithmetic
mean rounded to the nearest ft-1bf (I)) of the individual test
values of three specimens from one test location.

27.1.1 When a minimum average test result is specified:

27.1.1.1 The test result is acceptable when all of the below
are met:

(1) The test result equals or exceeds the specified minimum
average (given in the specification),

(2) The individual test value for not more than one speci-
men measures less than the specified minimum average, and
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iten~Joined
. £y

ceeene
fos Measurement of Lateral Expansion, Dimension A
ceer

FIG. 16 Lateral Expansion Gauge for Charpy Impact Specimens

(3) The individual test value for any specimen measures
not less than two-thirds of the specified minimum average.
27.1.1.2 If the acceptance requirements of 27.1.1.1 are not
met, perform one retest of three additional specimens from the
same test location. Each individual test value of the retested
specimens shall be equal to or greater than the specified
minimum average value.

27.2 Test Specifving a Minimum Transition Temperature:

27.2.1 Definition of Transition Temperature—For specifica-
tion purposes, the transition temperature is the temperature at
which the designated material test value equals or exceeds a
specified minimum test value.

27.2.2 Determination of Transition Temperature:

23

27.2.2.1 Break one specimen at each of a series of tempera-
tures above and below the anticipated transition temperature
using the procedures in Section 26. Record each test tempera-
ture to the nearest 1 °F (0.5 °C).

27.2.2.2 Plot the individual test results (ft-Ibf or percent
shear) as the ordinate versus the corresponding test temperature
as the abscissa and construct a best-fit curve through the plotted
data points.

27.2.2.3 If transition temperature is specified as the tem-
perature at which a test value is achieved, determine the
temperature at which the plotted curve intersects the specified
test value by graphical interpolation (extrapolation is not
permitted). Record this transition temperature to the nearest
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ke
BILL OF MATERIAL
.50
ITEM
»s e DESCRIPTION WATERIAL AND SIZE
T DB s 1 sres sae 10151020
+ J— 2 | 1 |BASEPLTE 7x4x 34 |STEEL SAE 1015-1020
H IJ H w| el 3 1 [PAD 6-1:4 % 312 x 1116 |RUBBER
' . ' L I LY q | 2 [SCREW SOCKET STEEL 11420 » 1" LG,
. g s | [ s STEEL 11920 <37 LG
: R | : 6 1 DIAL INDICATOR (SEE NOTE 2)
T
| e ] Ele 17 35 ’“40625
I 1
| I : 5 6.25
i L) 1 ea0 B
\ 7 —=
H H N NOTE: THESE SURFACES TO BE ON SAME
SEE DETAIL 8 [ PLANE - LAP AT ASSEMBLY
I I
etutalu fulalubuled A1 . — - No. 2 STARRETT CONTACT POINT
2 2 .06 R (TYP)
~
! 54
[ [
o]
62
22|

.35

.e
DETAIL A (ENLARS!

DETAIL B {ENLARGED!

NOTES:
1.) FLASH CHROME PLATE ITEMS 1 & 2

174 (TYP)
AFTER ASSY. OF ITEMS 1 &2, Cmﬁrﬁr'

RANGE .001 - .250
BACK - ADJUSTABLE BRACKET
CONTACT POINT NO.2

3
DRILL{.281) DIA. & C'BORE
(.437) DIA. x .31 DEEP

RUBBER PAD (ITEM 3) TO BASE
.

SOF (3°C). If the tR®Hs st restdtsieledrly indicp a
transition temperature lowey S $pecifieds §3ig not negepgary
to plot the data. Report the*lowest test gemper}ture fqr Rich
test value exceeds the specified value. 33,

27.2.2.4 Accept the test result if thed qqgrmmgq :tmpsmon
temperature is equal to or lower than thepeFiplhtte.

27.2.2.5 If the determined transition Y¢hpgsfrdsis higher
than the specified value, but not more than 20! ¢12:°C) higher
than the specified value, test sufficient samplés §if accordance
with Section 26 to plot two additional curves. Atcept the test
results if the temperatures determined from both additional
tests are equal to or lower than the specified value.

ceees

27.3 leerl subsize specirperts*s ;‘permltted Or necessary, or
both, mcdjfysthe specified test f@quirement according to Table
9 or g mperature accQrgfite o ASME Boiler and Pressure
Vessel Cpde.Table UG-82.2, qraggrth. Greater energies or lower
test ghperatht§ sqay be '}}g:rge‘d. Jpon by purchaser and
supplier.

28. Records

28.1 The test record should contain the following informa-
tion as appropriate:

28.1.1 Full description of material tested (that is, specifica-
tion number, grade, class or type, size, heat number).

TABLE 9 Charpy V-Notch Test Acceptance Criteria for Various Sub-Size Specimens

Full Size, 10 by 10 mm 34 Size, 10 by 7.5 mm 23 Size, 10 by 6.7 mm

V2 Size, 10 by 5 mm Vs Size, 10 by 3.3 mm Va Size, 10 by 2.5 mm

ftIbf 1J] ftIbf 1J] ftIbf 1J] ftIbf 1J] fIbf 1J] fIbf 1J]
407 [54] 30 [41] 27 [37] 20 [27] 13 [18] 10 [14]
35 [48] 26 [35] 23 [31] 18 [24] 12 [16] 9 [12]

30 [41] 22 [30] 20 [27] 15 [20] 10 [14] 8 [11]

25 [34] 19 [26] 17 [23] 12 [16] 8 [11] 6 18]

20 [27] 15 [20] 13 [18] 10 [14] 7 [10] 5 7

16 [22] 12 [16] 11 [15] 8 [11] 5 7 4 [s]

15 [20] 11 [15] 10 [14] 8 [11] 5 7 4 5]

13 [18] 10 [14] 9 [12] 6 18] 4 [s] 3 [4]

12 [16] 9 [12] 8 [11] 6 18] 4 [s] 3 [4]

10 [14] 8 [11] 7 [10] 5 7 3 [4] 2 [3]

7 [10] 5 7] 5 7] 4 [s] 2 [3] 2 [3]

A The original data used to develop the Table in ASTM A370 is not available. However, investigation and testing reported in the referenced documents has generally
supported the Table. The table is limited to 40 ft-Ibf because the relationship between specimen size and test results has been reported to be non-linear for higher values.

24

2.) DIAL INDICATOR- STARRETT NO. 25-241
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28.1.2 Specimen orientation with respect to the material
axis.

28.1.3 Specimen size.

28.1.4 Test temperature and individual test value for each
specimen broken, including initial tests and retests.

28.1.5 Test results.

28.1.6 Transition temperature and criterion for
determination, including initial tests and retests.

29. Report

29.1 The specification should designate the inf
be reported.

its

1ZOD IMPACT TEST

30. Procedure

Methods E23.

Al.1 Scope :

Al.1.1 This annex contaiRs
Bar Products that are specific to"the product The’r’equirer;ﬁﬁta
contained in this annex are supplementary te éhase found m-the
general section of this specification. In tﬁa“ oF g0 aict
between requirements provided in this 'mnex
in the general section of this specification, theoregmr ments of
this annex shall prevail. In the case of conﬂoot-between
requirements provided in this annex and reqmremeﬂ@% found in
product specifications, the requirements found in the product
specification shall prevail.

Al.2 Orientation of Test Specimens

Al1.2.1 Carbon and alloy steel bars and bar-size shapes, due
to their relatively small cross-sectional dimensions, are cus-
tomarily tested in the longitudinal direction. In special cases
where size permits and the fabrication or service of a part
justifies testing in a transverse direction, the selection and
location of test or tests are a matter of agreement between the
manufacturer and the purchaser.

A1.3 Tension Test

Al.3.1 Carbon Steel Bars—Carbon steel bars are not com-
monly specified to tensile requirements in the as-rolled condi-

25

31. Precision and Bias

31.1 The precision and bias of these test methods for
measuring mechanical properties are essentially as specified in
Test Methods ES/E8M, E10, EI8, and E23.

32. Keywords

32.1 bend test; Brinell hardness; Charpy impact test; elon-
gation; FATT (Fracture Appearance Transition Temperature);
hardness test; Izod impact test; portable hardness; reduction of
area; Rockwell hardness; tensile strength; tension test; yield
strength

tion for siz'e:s;(;f.rounds. squaresy hexag:o;ls. and octagons under
Y5 in. (13 ngm3 dn diameter or distange between parallel faces
nor for pjljedthar-size sectiong, peite} than flats, less than 1 in.”
(645 mm?) in ctgss-sectional ey & 3

A1.377 Alloy Stedl" Bars—AlldY *stéel bars are usually not
tested in the as-rolled condition.

Al1.3.3 When tension tests are specified, the practice for
selecting test specimens for hot-rolled and cold-finished steel
bars of various sizes shall be in accordance with Table Al.1,
unless otherwise specified in the product specification.

XYY

Al.4 Bend Test

Al4.]1 When bend tests are specified, the recommended
practice for hot-rolled and cold-finished steel bars shall be in
accordance with Table A1.2.

Al.5 Hardness Test

Al5.1 Hardness Tests on Bar Products—flats, rounds,
squares, hexagons and octagons—is conducted on the surface
after a minimum removal of 0.015 in. to provide for accurate
hardness penetration.



Y A370 - 17

S

TABLE A1.1 Practices for Selecting Tension Test Specimens for Steel Bar Products

Norte 1—For bar sections where it is difficult to determine the cross-sectional area by simple measurement, the area in square inches may be calculated
by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of 1 in.? of steel) or by dividing the weight per linear foot of specimen

by 3.4 (weight of steel I in. square and I ft long).

Thickness, in. (mm)

Width, in. (m

m)

Hot-Rolled Bars

Cold-Finished Bars

Flats

Under % (16)

Over 112 (38)

s 1o 1% (16 to 38),
excl

Up to 1'% (38), incl

Up to 17 (38), incl

Full section by 8-in. (200-mm) gauge
length (Fig. 3).

Full section, or mill to 14 in. (38 mm)
. wide by 8-in. (200-mm) gauge length (Fig.
.

F
. Fullsection by 8-in. gauge length or ma-
. Ql‘grlé‘standard /2 by 2-in. (13 by 50-mm)

Mill reduced section to 2-in. (50-mm)
gauge length and approximately 25% less
than test specimen width.

Mill reduced section to 2-in. gauge length
and 12 in. wide.

Mill reduced section to 2-in. (50-mm)
gauge length and approximately 25% less
than test specimen width or machine stan-

NY leraglh specimen from center of
. 4). dard % by 2-in. (13 by 50-mm) gauge
length specimen from center of section
(Fig. 4).
Mill reduced section to 2-in. gauge length
and 12 in. wide or machine standard 2
by 2-in. gauge length specimen from mid-
way between edge and center of section
(Fig. 4).

Over 112 (38)

n, or mill 1% in. (38 mm) width
by 8-in.%(200-mm) gauge length (Fig. 3) or
machine standard '/ laye2»in. gauge (13
by 50-mm) gaygp Jehgt Sfegimen from

midwayshetweerns adge and cenier of sec-
.o

175 (38) and over in. (08-inén} gaga

> bhdut bfmd:nlﬂe stanﬂard ey 2-in.
IR SR TR K Te Ced s

+ $18 by S0-mmgauge length specimen
g &rid center

Machine standard 2 by 2-in. (13 by 50-
mm) gauge length specimen from midway
between surface and center (Fig. 4).

Diameter or Distance
Between Parallel
Faces, in. (mm)
Under %

Cold-Finished Bars

_ Full sectigrf iyt (200-mm) gauge length or ma-
hine to subsiacepecimen (Fig. 4).

Equ sectidrt iygegid. (200-mm) §duge length or ma-
&hine standarde'& . by 2-in.«{ ¥3sby 50-mm) gauge
length spgcimenrpm cenjed Phspetion (Fig. 4). ©

. Machine to sub-size spdetribf) (Fig. 4).
veee e

.. Mgchlne standard ¥4ip.,by 2. gauge length specimen

« ¢ ¢ ffOM center of secnon ).

.
% to 1V2 (16 to 38), excl

12 (38) and over Full sectiersby 8-in. (200-n#n¢ @auge length or ma- .« ° Machine slandarda/z m..by &-in. (13 by 50-mm gauge length
chine stafidald, 2 in. By;22if. 3 §3"oy 50-mm) gauge, § ¢ Sphgimen from midwad pdiieen surface and center of sec-
length speaimanderom ¢mi between surface amd tion {Feia. ). e
center of $4cYignd(Li.24). h
. o o «Other Bar-Size Sections
All sizes Full sectior’ . 12pQ-fm) gauge length or pre- Mill reduced section to 2-in. (50-mm) gauge length and ap-
pare test specimen ¢ . (38 mm) wide (if possible) proximately 25% less than test specimen width.
by 8-in. (200-mm) Y§ube length.
TABLE A1.2 Recommended Practice for Selecting Bend Test Speci for Steel Bar Products

Note 1—The length of all specimens is to be not less than 6 in. (150 mm).

Note 2—The edges of the specimen may be rounded to a radius not exceeding Vis in. (1.6 mm).

Flats
Thickness, in. Width, in. Recommended Size
mm; mm
Up to 2 (13), incl Up to 34 (19), Full section.
incl Full section or machine to not less than
Over % (19) %4 in. (19 mm) in width by thickness of
specimen.

Over % (13) Al Full section or machine to 1 by 2 in. (25
by 13 mm) specimen from midway be-

tween center and surface.

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance
Between Parallel
Faces, in. (mm)

Up to 1'% (38), incl
Over 1% (38)

Recommended Size

Full section.
Machine to 1 by V2-in. (25 by 13-mm) specimen
from midway between center and surface.

26
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A2. STEEL TUBULAR PRODUCTS

A2.1 Scope

A2.1.1 This annex contains testing requirements for Steel
Tubular Products that are specific to the product. The require-
ments contained in this annex are supplementary to th{se found
in the general section of this specification. In J§¢ $hiq of
conflict between requirements provided in this anhs 394 {Hbe
found in the general section of this specificati@rf 38 Fe¢fds
ments of this annex shall prevail. In the, $§s&s df *cbhiifd:
between requirements provided in this annegsdfisrtquireh@de |
found in product specifications, the requirehiden}s found in theé:
product specification shall prevail. pOSal

A2.1.2 Tubular shapes covered by this spie.t{ﬁcation inclyde
round, square, rectangular, and special shapes. b4

A2.2 Tension Test o
A2.2.1 Full-Size Longitudind] Jedta Speslibdlst oo e

A2.2.1.1 As an alternativg 3§ I8¢ usé I Adddifldinal strip
test specimens or longitudihdf F¢itnd, fedt $&ddidns, tension
test specimens of full-sizes hdifat sectionssdd 3$éd. provided

that the testing equipmeigts
metal plugs should be §

«Bi¢ &nd of such

& far enoughiid

tubular specimens to p&ddi} 3¢ lesting mIdde faws to gri

-

the specimens properly wiftilil $5shing. A sthat may bé
used for such plugs is shown'iheKi&*A2.1. The pldgs shall o}
extend into that part of the specimen on which the elorighlioa
is measured (Fig. A2.1). Care should be eXdréised ta béd dat
insofar as practicable, the load in such caset ds appliedraxdally.
The length of the full-section specimen depards«om desgauge
length prescribed for measuring the elongations « « *
A2.2.1.2 Unless otherwise required by thé s product
specification, the gauge length is 2 in. or 50 mm, except that for
tubing having an outside diameter of ¥5 in. (9.5 mm) or less, it
is customary for a gauge length equal to four times the outside

©

3
°
Testing machine jaws _*_
should nok extend 47— g
beyond this limit

FIG. A2.1 Metal Plugs for Testing Tubular Specimens, Proper Lo-
cation of Plugs in Specimen and of Specimen in Heads of Test-
ing Machine

LG

1

Gage
Length

27

diameter to be used when elongation comparable to that
obtainable with larger test specimens is required.

A2.2.1.3 To determine the cross-sectional area of the full-
section specimen, measurements shall be recorded as the
average or mean between the greatest and least measurements
of the outside diameter and the average or mean wall thickness,
to the nearest 0.001 in. (0.025 mm) and the cross-sectional area
is determined by the following equation:

A=3.14161(D - 1) (A2.1)

whege,s o
Aesen %éotioonal area, in.z.
& blilside diameter, in., and
= Iiekadess of tube wall, in.
:.No'rl's :AZ r%rhere exist other methods of cross-sectional area
determindfdn] Such as by weighing of the specimens, which are equally
accurst:::o: Eppropriate for the purpose.

A2 Longitudinal Strip Test Specimens:
. 8222.1 As an alternative to the use of full-size longitudi-
3415 1t specimens or longitudinal round test specimens,

Hsesufficient capddilyl Snug-fitting * * fongitudinal strip test specimens, obtained from strips cut from

the tubular progyict as shown in Fig, 42.2 and machined to the
dimension$ $hd¥n in Fig. A2.3 arg ysedl: For welded structural
tubing. such} fest specimens shall pg £im a location at least 90°
from the, weld:"for other weldedstibular products, such test
specimerts’shhflbe from a loddtfanedpproximately 90° from the
weld. Unléss othéiwise required®By the product specification,
the gauge length shifl ‘conforni & 8fénsion C in Fig. A2.3.
The test specimens shall be tested using grips that are flat or
have a surface contour corresponding to the curvature of the
tubular product, or the ends of the test specimens shall be
flattened without heating prior to the test specimens being
tested using flat grips. The test specimen shown as specimen
no. 4 in Fig. 3 shall be used, unless the capacity of the testing
equipment or the dimensions and nature of the tubular product
to be tested makes the use of specimen nos. 1, 2, or 3 necessary.

Note A2.2—An exact formula for calculating the cross-sectional area
of specimens of the type shown in Fig. A2.3 taken from a circular tube is

Note 1—The edges of the blank for the specimen shall be cut parallel
to each other.
FIG. A2.2 Location of Longitudinal Tension-Test Specimens in
Rings Cut from Tubular Products
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D
%_’educed Jin M
F =] I

Rad 1 in. Min
Gage

Length
DIMENSIONS
Dimensions, in.
Specimen No.

A ] B c D
1 Y2 x0.015 4e approximately 2+ 0.005 22 min
2 %, +0.031 * + 1 approximately 2+ 0.005 22 min
o 4.2 0.005 42 min
3 12 0.062 2 0.005 2Va min
4+ 0.005 42 min
4 112 £ .125 220010 2Va min
420015 42 min

8 x 0.020 9 min
5 Va x.002 1 0.003 1 Vs min

Note 1—Cross-sectional area may be calevdated by multlplymg A and
Norte 2—The dimension ¢ is the thlcknes&of the lest spacbmenoas prov;dea Zm'dn ihe apphcable malenal specifications.

tees Toaali
Note 4~The ends of the specppé;rfqmll pg mﬂeﬁqql; Wg}z glg téfter ling pg @g Yeduced section within 0.10 in.
Nore 5—Metric equivalent; § 1. &25.42h8 ¢ 3
Note 6—Specimens with ‘s!des Eatalleb lhrou;hou? their length are permmed' except for referee testing, provided: (@) the above tolerances are used;
(b) an adequate number of ke G prawi Uddrmination of elongalwn ﬂm{ &‘) when yield strength is determined, a suitable extensometer is used.
If the fracture occurs at g §i§tidcl of fe8<*thgn; 34 f1dm the edge of the Jr{phh} Uevice, the tensile properties determined may not be representative of
the material. If the propemesmeet the minimam r@qunemems speclﬁed ny further testing is required, but if they are less than the minimum requirements,
discard the test and ratés.
Norte 7—! Speclmems wamended for testi unens removed from an in-service progyct. Specimen 5 shall netehe used for conformance testing of
new product. Acceplzmt:cg g for elongzt.hpq Vqlges obtamed from 1 in. gauge ‘lgrggf specimens shall pe gjgter:rﬁned by agreement between the
responsible parties. ‘oo .o

2380y secees or before %epﬁrat;mg itasin th AZ 4 (b), and may be done hot

A2.2.2.2 The width should be mea$yrd 3 é;qh: ¢n1d of the or cold but if the ﬂ'lttenmg-ls Jone cold, the specimen may
gauge length to determine parallelisnt 304 S8t 4t the center. subsequently be normalized. Specimens from tubes or pipe for
The thickness should be measured at the cepfe} phd used with  which heat treatment is specified, after being flattened either
the center measurement of the width to detérffine the cross-  hot or cold, shall be given the same treatment as the tubes or
sectional area. The center width dimension should be recorded  pipe. For tubes or pipe having a wall thickness of less than ¥4
to the nearest 0.005 in. (0.127 mm), and the thickness  in. (19 mm), the transverse test specimen shall be of the form

measurement to the nearest 0.001 in. and dimensions shown in Fig. A2.5 and either or both surfaces
A2.2.3 Transverse Strip Test Specimens: may be machined to secure uniform thickness. Specimens for
A2.23.1 In general, transverse tension tests are not recom-  transverse tension tests on welded steel tubes or pipe to

mended for tubular products, in sizes smaller than 8 in. in determine strength of welds, shall be located perpendicular to
nominal diameter. When required, transverse tension test the welded seams with the weld at about the middle of their
specimens may be taken from rings cut from ends of tubes or length.

pipe as shown in Fig. A24. Flattening of the specimen may be A2.2.3.2 The width should be measured at each end of the
done either after separating it from the tube as in Fig. A2.4 (a), gauge length to determine parallelism and also at the center.

The thickness should be measured at the center and used with
the center measurement of the width to determine the cross-
sectional area. The center width dimension should be recorded

o —
@ to the nearest 0.005 in. (0.127 mm), and the thickness
B measurement to the nearest 0.001 in. (0.025 mm).
A A2.2.4 Round Test Specimens:
FIG. A2.4 Location of Transverse Tension Test Specimens in A2.2.4.1 When provided for in the product specification, the
Ring Cut from Tubular Products. round test specimen shown in Fig. 4 may be used.
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Reduced
Section
2Ys" Min

e
T
L rad 17 in -t

2.000" + 0.005"
Gage Length

Approx 2"

12" + %"

Note 1|—The dimension ¢ is the thickness of the test specimen as
provided for in the applicable material specifications.

Norte 2—The reduced section shall be parallel within 0.010 in. and may
have a gradual taper in width from the ends toward the cente; with the
ends not more than 0.010 in. wider than the center. . .

Norte 3—The ends of the specimen shall be symmetricad wii e S
line of the reduced section within 0.10 in. .

Note 4—Metric equivalent: 1 in. =25.6 mm.

FIG. A2.5 Transverse Tension Test Specimen Ma
Cut from Tubular Products
.

A2.2.4.2 The diameter of the round tesf $pecimen is meg;
sured at the center of the specimen to th$ nearest {
(0.025 mm). .e

A2.2.4.3 Small-size specimens proppftiorfa] 3¢ SEhfidds a8

shown in Fig. 4, may be used; 3dphrit i§ SfdeShdl I§ est®

material from which the standpdq §i3<tme §3drio} b¢ btepared.
Other sizes of small-size speihddn$ mgy be 8¢ dn any such
small-size specimen, it is j$ipdithnt thht tfel §4uled length for
measurement of elongatiphelfes four times fgedifibeter of the
specimen (see Note 3, Bif¢4) The elongati® féqdrements for
the round specimen 223 33l length in §diddQuct specifis
cation shall apply to the *siidlegidé Specim®dL s e .
A2.2.44 For transverse Spebiddiss the sectidd dfrom wiith
the specimen is taken shall ‘ot be flattened *ar othedWisé
deformed. el . :
A2.2.4.5 Longitudinal test specimens i obtaidd Fom
strips cut from the tubular product as shovs?ri in FEg: :A:Z.Z'

A2.3 Determination of Transverse Yield S{I:eiléélr:,ili):drau-
lic Ring-Expansion Method tees

A23.1 Hardness tests are made on the outside surface,
inside surtace, or wall cross-section depending upon product-
specification limitation. Surface preparation may be necessary
to obtain accurate hardness values.

A2.3.2 A testing machine and method for determining the
transverse yield strength from an annular ring specimen, have
been developed and described in A2.3.3 —9.1.2.

A2.3.3 A diagrammatic vertical cross-sectional sketch of
the testing machine is shown in Fig. A2.6.

Nut

Rubber
Gasket

Hydraulic Pressure Line

FIG. A2.6 Testing Machine for Determination of Transverse Yield
Strength from Annular Ring Specimens

¥ A370 - 17

A2.3.4 In determining the transverse yield strength on this
machine, a short ring (commonly 3 in. (76 mm) in length) test
specimen is used. After the large circular nut is removed from
the machine, the wall thickness of the ring specimen is
determined and the specimen is telescoped over the oil resistant
rubber gasket. The nut is then replaced, but is not turned down
tight against the specimen. A slight clearance is left between
the nut and specimen for the purpose of permitting free radial
movement of the specimen as it is being tested. Oil under
pressure is then admitted to the interior of the rubber gasket
through the pressure line under the control of a suitable valve.
An accurately calibrated pressure gauge serves to measure oil
pressure. Any air in the system is removed through the bleeder
line. As the oil pressure is increased, the rubber gasket expands
which in turn stresses the specimen circumferentially. As the
pressure builds up, the lips of the rubber gasket act as a seal to
prevent oil leakage. With continued increase in pressure, the

ring »sgyzcimen is subjected to a tension stress and elongates
A O . . . -~ -~ .
33 dingly. The entire outside circumference of the ring

speermen 19 eonsidered as the gauge length and the strain is

measured wythee suitable extensometer which will be described
the desired total strain or extension under load is
he extensometer, the oil pressure in pounds per
is read and by employing Barlow’s formula, the

ield strength is calculated. The yield strength, thus
determined. is a true result since the test specimen has not been

Sse e

, 2¢old-worked by flattening and closely approximates the same

condition as the tubular section from which it is cut. Further,
the test closely gimulates service-contlitions in pipe lines. One
testing mache unit may be usgd fer, geveral different sizes of
pipe by thegysgsof suitable rubbers ggskets and adapters.

Levee Cosee--
Note Ai.ﬁ:—'l}d{low’s formula:x!my‘tie:slated two ways:

e ves sese

e Sies (1) P=354D (A2.2)
(2) S="PD/2t"" (A2.3)

where:

P = internal hydrostatic pressure, psi,

$§ = unit circumferential stress in the wall of the tube
produced by the internal hydrostatic pressure, psi,

t = thickness of the tube wall, in., and

D = outside diameter of the tube, in.

A2.3.5 A roller chain type extensometer which has been
found satisfactory for measuring the elongation of the ring
specimen is shown in Figs. A2.7 and A2.8. Fig. A2.7 shows the
extensometer in position, but unclamped, on a ring specimen.
A small pin, through which the strain is transmitted to and
measured by the dial gauge, extends through the hollow
threaded stud. When the extensometer is clamped, as shown in
Fig. A2.8, the desired tension which is necessary to hold the
instrument in place and to remove any slack, is exerted on the
roller chain by the spring. Tension on the spring may be
regulated as desired by the knurled thumb screw. By removing
or adding rollers, the roller chain may be adapted for different
sizes of tubular sections.

A2.4 Hardness Tests

A2.4.]1 Hardness tests are made either on the outside or the
inside surtaces on the end of the tube as appropriate.

29
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FIG. A2.8 Roller Chain Type Extensometer, Clamped

30
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A2.4.2 The standard 3000-kgf Brinell load may cause too
much deformation in a thin-walled tubular specimen. In this
case the 500-kgf load shall be applied, or inside stiffening by
means of an internal anvil should be used. Brinell testing shall
not be applicable to tubular products less than 2 in. (5] mm) in
outside diameter, or less than 0.200 in. (5.1 mm) in wall
thickness.

A2.4.3 The Rockwell hardness tests are normally made on
the inside surface, a flat on the outside surface, or on the wall
cross-section depending upon the product limitation. Rockwell
hardness tests are not performed on tubes smaller than %s in.
(7.9 mm) in outside diameter, nor are they pejfhymed on the
inside surface of tubes with less than V4 in. {§.%:thyn) inside
diameter. Rockwell hardness tests are not pEFed o an-
nealed tubes with walls less than 0.065 in, ¥§ P99 Tk or
cold worked or heat treated tubes with wall$ J¢s8 th4n3Q.049 in.
(1.24 mm) thick. For tubes with walj sthickhesses 1&g than
those permitting the regular Rockwel] hifdhess test, the;Su-
perficial Rockwell test is sometimes shibstituted. Transverse, , ;
Rockwell hardness readings can be ma’on tubes with,q wally
thickness of 0.187 in. (4.75 mm) or grdater. The cudiddrdand
the wall thickness of the specimen impos¢ Jihlil3bhs ohsthd.
Rockwell hardness test. When g gofpafi$dd Sohddd D& *
Rockwell determinations $3d¢ in 1B dhIIde $hlthée and
determinations made on the I3<ide s8Il afifktifent of the

readings will be requirddets Cohpbisndd &dr the effect of ‘-a

curvature. The RockwellH {cale 5U%&d O hll iaterials having
an expected hardnessethdigé of BO to BIDOI The Rockwell.C2°
scale is used on maérdal Having an expcc&d:hardness range of

C20 to C68.

A2.4.4 Superficial ‘wadt hardness ¥ys are r;cttmlly
performed on the outside stiffhce wherfeygr posgiples and
whenever excessive spring back is not ¢ncountered, Ithéwise,
the tests may be performed on the insides Shperfiglad Robkwell
hardness tests shall not be performed D $8Bcdss ¥ Ub e inside
diameter of less than Y4 in. (6.4 mrh} s T8S s4ll thickness
limitations for the Superficial Rockwell Flz’ardhé{% tés’t are given
in Tables A2.1 and A2.2.

19
A2.4.5 When the outside diameter, inside diameter, or wall
thickness precludes the obtaining of accurate hardness values,
tubular products shall be specified to tensile properties and so
tested.

. .o .

A2.5 Manipulating Tests

A2.5.1 The following tests are made to prove ductility of
certain tubular products:

A2.5.1.1 Flattening Test—The flattening test as commonly
made on specimens cut from tubular products is conducted by

subjecting rings from the tube or pipe to a prescribed degree of
flattening between parallel plates (Fig. A2.4). The severity of
the flattening test is measured by the distance between the
parallel plates and is varied according to the dimensions of the
tube or pipe. The flattening test specimen should not be less
than 2% in. (63.5 mm) in length and should be flattened cold to
the extent required by the applicable material specifications.

A2.5.1.2 Reverse Flattening Test—The reverse flattening
test is designed primarily for application to electric-welded
tubing for the detection of lack of penetration or overlaps
resulting from flash removal in the weld. The specimen
consists of a length of tubing approximately 4 in. (102 mm)
long which is split longitudinally 90° on each side of the weld.
The sample is then opened and flattened with the weld at the
point of maximum bend (Fig. A2.9).

A2.5.1.3 Crush Test—The crush test, sometimes referred to
as an upsetting test, is usually made on boiler and other
pressure tubes, for evaluating ductility (Fig. A2.10). The
spacimen is a ring cut from the tube, usually about 2'% in.
1633 mm) long. Tt is placed on end and crushed endwise by
haminet «ar press to the distance prescribed by the applicable

* atoreal :siéciﬁcqtion%
‘Aisy

Flange Test—The flange test is intended to deter-
mime e ductility of boiler tubes and their ability to withstand
ﬁhe:o.p.er’mon of bending into a tube sheet. The test is made on
mg ‘cut from a tube, usually not less than 4 in. (100 mm) long
and consists of having a flange turned over at right angles to the
body of the tube to the width required by the applicable
material specifications. The flaring tool and die block shown in
Fig. A2. b are recommended «fe» yse in making this test.

A2. S’Pi Flarzng Test—For cenam types of pressure tubes,
an altegn.'ch %o the flange ‘tcﬁ 019 made This test consists of
drivingsg tapered mandrg} havma ‘a slope of 1 in 10 as shown
in Fig.sA2.42 (a ) or a'GOf’:i:ngl:uded angle as shown in Fig.
A2, k2 (b) intveg section cut fipm, the tube, approximately 4 in.
(100 mm) in length, and thae expamling the specimen until the
inside diameter has been increased to the extent required by the
applicable material specifications.

A2.5.1.6 Bend Test—For pipe used tfor coiling in sizes 2 in.
and under a bend test is made to determine its ductility and the
soundness of weld. In this test a sufficient length of full-size
pipe is bent cold through 90° around a cylindrical mandrel
having a diameter 12 times the nominal diameter of the pipe.
For close coiling, the pipe is bent cold through 180° around a
mandrel having a diameter 8 times the nominal diameter of the
pipe.

A2.5.1.7 Transverse Guided Bend Test of Welds—This bend
test is used to determine the ductility of fusion welds. The
specimens used are approximately 1%2 in. (38 mm) wide, at

TABLE A2.1 Wall Thickness Limitations of Superficial Hardness Test on Annealed or Ductile Materials
for Steel Tubular Products”
(“T” Scale (Vis-in. Ball))

Wall Thickness, in. (mm) Load, kgf
Over 0.050 (1.27) 45
Over 0.035 (0.89) 30
0.020 and over (0.51) 15

4 The heaviest load recommended for a given wall thickness is generally used.
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TABLE A2.2 Wall Thickness Limitations of Superficial Hardness Test on Cold Worked or Heat Treated Material
for Steel Tubular Products”
("N” Scale (Diamond Penetrator))

Wall Thickness, in. {(mm) Load, kgf
Over 0.035 (0.89) 45
Over 0.025 (0.51) 30
0.015 and over (0.38) 15

A The heaviest load recommended for a given wall thickness is generally used.

FIG. A2.10 Crush Test Specimen

least 6 in. (152 mm) in length with the weld at the center, and
are machined in accordance with Fig. A2.13 for face and root
bend tests and in accordance with Fig. A2.14 for side bend
tests. The dimensions of the plunger shall be as shown in Fig.
A2.15 and the other dimensions of the bending jig shall be
substantially as given in this same figure. A test shall consist of
a face bend specimen and a root bend specimen or two side
bend specimens. A face bend test requires bending with the

32

inside surface of the pipe against the plunger; a root bend test
requires bending with the outside surface of the pipe against
the plunger; and a side bend test requires bending so that one
of the side surfaces becomes the convex surface of the bend
specimen.

(a) Failure of the bend test depends upon the appearance of
cracks in the area of the bend., of the nature and extent
described in the product specifications.
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Position Position

after Using~ L' rad after Using
T T Flaring Tool Flatter
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i
31 3 )
759 o Liners
A = Outs. Diam. of Tube less 5, A = Quts. Diam. of Tube plus &
B = Quts. Diam. of Tube less
seon S

Die Block

Note $+-Mancamsvalent: | in. =254 mm.

» « Fic. a2713 Haring Tool and Die Block for Flange Test

Rad V" max 6" min

Leoee
ceese
o e
oo 0 g = X7,
Fagd Bebd Sreddns * Root Bend Specimen
Teee .
Note [—Metric equivalent: | in. =25.4%m .
Pipé Wﬁlﬁﬂ-n'ckness (B, in. Test Specimen Thickness, in.
Up tq g, incl t
Over % ¥

FIG. A2.13 Transverse Face- and Root-Bend Test Specimens
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IF FLAME CUT, NOT LESS THAN %" i
SHALL BE MACHINED FROM EDGES é MIN "
|

" MIN | B

—————— IN T, IN.
' ==y gl g
\l/ IT t peron]

.

> 12 [SEE NOTE]

]
.
.

* Tapped hole to su|t

When t exceeds 12 use one of the following:
1. Cut along line indicated by arrow. Edge
may be flame cut and may or may not be
machnade «
tevees
2. Spesigans reay be cut into approximately
equel€twps Batveen 3/4 in. and 12 in,

wWhde lbﬁtésmw §rérie specimens may be
§404 cavremens oo

. s wlih 8 i«; 8210

‘Ea(dened rollers, 1v2" diam may be
uted for jig shoulders

As required —-I

sreee

sese
T <7

sesee
Plurgrandeinber —_]
Sb&]ﬁj%r% bérdened

6"

Note 1—Metric equivalent: | in. =25.4 mm.

Test Specimen Thickness, in. A B C D
% 12 Yo 2% 136
t 4t 2t 6t+ V6 3t+ Ve
Material
3 22 14 3% 1e Materials with a specified minimum tensile strength of 95 ksi or
t 625t 35t 8261+ 4s t+ Ve greater.

FIG. A2.15 Guided-Bend Test Jig
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A3. STEEL FASTENERS

A3.1 Scope elongation. A tolerance of *£0.0005 in. (0.0127 mm) shall be
allowed between the measurement made before loading and
that made after loading. Variables, such as straightness and
thread alignment (plus measurement error), may result in
apparent elongation of the fasteners when the proof load is
initially applied. In such cases, the fastener may be retested
using a 3 % greater load, and may be considered satisfactory if
the length after this loading is the same as before this loading
(within the 0.0005-in. tolerance for measurement error).
A3.2.1.3 Proof Load-Time of Loading—The proof load is to
be maintained for a period of 10 s before release of load, when
.o . using Method 1.
A3.1.2 These tests are set up to facilitate pﬁ&ﬁfc{iﬁ)ﬁ &outrol (1) Method 2, Yield Strength—The bolt shall be assembled
testing and 'lccept’mce testing mth certain mora ﬁﬁeﬁ:i@'ezt' 33 in the testing equipment as outlined in A3.2.1.4. As the load is
T applied, the total elongation of the bolt or any part of the bolt
which includes the exposed six threads shall be measured and
ssee . rec.o.rded to produce a load-strain or a stress-strain diagram.
A3.2.1 Ttis preferred that bolts be tesfetl full size, and it is, 3 3 Slesload or stress at an offset equal to 0.2 % of the length of
customary, when so testing bolts tof $pecify a Jyip{iym Stf){togoc?})kq by six full threads shall be determined by the
ultimate load in pounds. rather than®a minjgit 0YDE, -nﬂt?gd. f]fs:c.rlbed in 14.2.1 of these methods, A370. This load
strength in pounds per square inch, THS IOES 19 pje s, OFsstress shall not be less than that prescribed in the product
nominal diameter has been egtapfigited, 35 $Hes dYQiffgnd sttt - gp‘"’lﬁ"“t’on
length subject to the tests dp$Qred 2 P2 pilgddet *of this 2.3 4 Axial Tension Testing of Full Size Bolts—Bolts
section. Sections A3.2.1. 523832 1.8 33§ Mifeh testing bolts ‘mo w®-be tested in a holder with the load axially applied
full size. Section A3.2.2%% 3041 ADPB? RS the individual --tx:gv!een the head and a nut or suitable fixture (Fig. A3.1),
product specifications pei] the fise of FtBihed specimens.; sther of which shall have sufficient thread engagement to
A3.2.1.1 Proof haddssBue to pwrtx:ufanﬁ%e% of certain® develop the full strength of the bolt. The nut or fixture shall be
classes of bolts it &aaﬁmﬁle to be ablecto 6ire§% them, whlle assembled on the bolt leavmg six _complete bolt threads
in use, to a specifieds value awithout obémiaiag 'my permfment unenowgyd between  the 8PS, exeept for heavy hexagon
set. To be certain of obtmero thls qualidys dhe proof l@”«d is structural-bolts which shall shaye ‘four complete threads unen-
specified. The proof load fesi sonsists of %tre%su’ng the beli mth gaged b between the grips. To mcet-the requirements of this test,
a specified load which the bolt must ngnst'md Wlthout jaepm'l— there‘shal'l be a tensile tmh.rre m the body or threaded section
nent set. An alternate test which determsmes :yqeld sbren ofa mth nt)' mlu’e‘ f‘t. Ehe _]L]rlCthH M the body and head. When
full size bolt is also allowed. Either of t;w Sl @wmg:Methods
1 or 2, may be used but Method 1 %hal #hes arbitration
method in case of any dispute as to 'lccept'mce-(ﬁ'the bolts.
A3.2.1.2 Proof Load Testing Long Bolts—¥Wfen fasteners
are too long to test in the available equipment they may be cut
to 8 = 0.125 in. and tested using Method 1. If there is a dispute
over results when testing the same part or lot of parts both full
size and cut to 8 in., the 8 in. test results shall be used to
determine acceptance.
(a) Method 1, Length Measurement—The overall length of
a straight bolt shall be measured at its true center line with an
instrument capable of measuring changes in length of
0.0001 in. (0.0025 mm) with an accuracy of 0.0001 in. in any
0.001-in. (0.025-mm) range. The preferred method of measur-
ing the length shall be between conical centers machined on the
center line of the bolt, with mating centers on the measuring
anvils. The head or body of the bolt shall be marked so that it
can be placed in the same position for all measurements. The
bolt shall be assembled in the testing equipment as outlined in
A3.2.1.4, and the proof load specified in the product specifi-
cation shall be applied. Upon release of this load the length of
the bolt shall be again measured and shall show no permanent FIG. A3.1 Tension Testing Full-Size Bolt

A3.1.1 This annex contains testing requirements for Steel
Fasteners that are specific to the product. The requirements
contained in this annex are supplementary to those found in the
general section of this specification. In the case of conflict
between requirements provided in this annex and those found
in the general section of this specification, the requirements of
this annex shall prevail. In the case of conflict between
requirements provided in this annex and requirements found in
product specifications, the requirements found in the product
specification shall prevail.

A3.2 Tension Tests

.
.

seee
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tensile testing externally threaded fasteners made of austenitic
stainless steel and the test fastener’s thread pulls out of the
internally threaded test fixture after the minimum tensile
strength requirement has been reached, the fasteners shall be
considered conforming to the tensile strength requirement and,
in addition to the tensile strength, the failure mode shall be
reported to the purchaser. If it is necessary to record or report
the tensile strength of bolts as psi values, the stress area shall
be calculated from the mean of the mean root and pitch
diameters of Class 3 external threads as follows:

A, =0.7854[D — (0.9743/n)]? LA
where:
A, = stress area, in.?,
D = nominal diameter, in., and
n = number of threads per inch.
A3.2.1.5 Tension Testing of Full-Size Bolisywih u Wedge—* 1

The purpose of this test is to obtain the tend %trenOth and
demonstrate the “head quality” and ductlllty'of a bolt with a,
standard head by subjecting it to eccentrfc loading.;

Y A370 - 17

ultimate load on the bolt shall be determined as described in
A3.2.1.4, except that a 10° wedge shall be placed under the
same bolt previously tested for the proof load (see A3.2.1.1).
The bolt head shall be so placed that no corner of the hexagon
or square takes a bearing load, that is, a flat of the head shall
be aligned with the direction of uniform thickness of the wedge
(Fig. A3.2). The wedge shall have an included angle between
its faces as shown in Table A3.1 and shall have a thickness of
one-half of the nominal bolt diameter at the short side of the
hole. The hole in the wedge shall have the following clearance
over the nominal size of the bolt, and its edges, top and bottom,
shall be rounded to the tollowing radius:

Clearance Radius on

Nominal Bolt in Hole, Comers of
Size, in. in. {(mm) Hole, in. (mm)
Vito 1 0.030 (0.76) 0.030 (0.76)

%6 t0 % 0.050 (1.3) 0.060 (1.5)

O] 0.063 (1.5) 0.060 (1.5)

0.063 (1.5) 0.125 (3.2)

0.094 (2.4) 0.125 (3.2)

.

¢ = Clearance of wedge hole
d = Diameter of bolt
A = Radius

T =Thickness of wedge at short side of hole equal to one-half diameter of bolt

|
1
|
|
|
!

fe—a—

l— dc —f

FIG. A3.2 Wedge Test Detail
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TABLE A3.1 Tension Test Wedge Angles

Nominal Product Size,
in.

Degrees

Bolts Studs and Flange Bolts
Va-1 10 6
Over 1 6 4

A3.2.1.6 Wedge Testing of HT Bolts Threaded to Head—For
heat-treated bolts that are threaded 1 diameter and closer to the
underside of the head, the wedge angle shall be 6° for sizes Y4
through ¥4 in. (6.35 to 19.0 mm) and 4° for %1zes-ever ¥4 in.

A3.2.1.7 Tension Testing of Bolts Machzned‘m-Raund Test
Specimens:

(1) Bolts under 14 in. (38 mm) in dlametg y/:hze.k!{egmre
machined tests shall preferably use a standard:
round 2-in. (50-mm) gauge length tegts 3
however, bolts of small cross-section tknt y\ﬂH not permrt'the
taking of this standard test specimen 5!1;\11 use one of the
small-size-specimens-proportional-to-stgnglard (Fig. 4) and the ¢
specimen shall have a reduced section as large as possibie; dn

seee

all cases, the longitudinal axis of the gpextngn eshindls dee .

concentric with the axis of the bplt; the ead npgls lmq@gq“
section of the bolt may be lefihjqe). astinBigs AS: 4 Fr
A3.4, or shaped to fit the holfpgsi@raripb oY’ mc:t?sung m'lchme
so that the load is appl$e® hglallys sBite $8dge length for
measuring the elongatigf) '%Mlj be2fout 11:11:‘5'[116 diameter of 3
the specimen. FO0d
(2) Forbolts 14 m ‘1;10 over in dnmelﬂ fustandard '/z—m
round 2-in. gauge 1&g 1¢st $pecimen sPLL QS Qurned from,the
bolt, having its axis hid§3y Detween the icphfer and ou,tSide
surface of the body of tHQ§QIL 3§ Shown INFY. A35. 030
(3) Machined specimeh$®are to bg testdd in te]ﬁdﬂ to
determine the properties prescribed by e, product §i3c3fica-
tions. The methods of testing and deter$3i§dion,dfs fidderties
shall be in accordance with Section [4 $f e3¢ 3¢t hicthods.

A3.3 Hardness Tests for Externally Th};éée:(iz ?‘:a;teners

A3.3.1 When specified, externally threaded ‘fasteners shall
be hardness tested. Fasteners with hexagonal or square heads
shall be Brinell or Rockwell hardness tested. For hexagonal
and square head bolts; test shall be conducted on the wrench
flats, top of head, unthreaded shank, end of bolt or at the
arbitration location. For studs, products without parallel
wrench flats and for head styles other than hexagonal and
square; tests shall be conducted on the unthreaded shank, end

of the bolt or stud or at the arbitration location. Due to possible
distortion from the Brinell load, care should be taken that this
test meets the requirements of Section |7 of these test methods
where the Brinell hardness test is impractical, the Rockwell
hardness test shall be substituted. Rockwell hardness test
procedures shall conform to Section |8 of these test methods.

A3.3.2 In cases where a dispute exists between buyer and
seller as to whether externally threaded fasteners meet or
exceed the hardness limit of the product specification, for
purposes of arbitration, hardness may be taken on two trans-
verse sections through a representative sample fastener se-
lected at random. Hardness readings shall be taken at the
locations shown in Fig. A3.6. All hardness values must
conform with the hardness limit of the product specification in
order tor the fasteners represented by the sample to be
considered in compliance. This provision for arbitration of a
dispgte shall not be used to accept clearly rejectable fasteners.

.o

A3 Hardness Test—Rockwell hardness of nuts shall be
det.cn:rglzn.tg] on the top or bottom face of the nut. Brinell
hgigipesgseshall be determined on the side of the nuts. Either
, I may be used at the option of the manufacturer, taking
+ 3¢ hecount the size and grade of the nuts under test. When the
Afidard Brinell hardness test results in deforming the nut it
will be necessary to use a minor load or substitute a Rockwell
hardness testy

ceees
.

A3.4.2§ :.Czrggs Sectional Iia.rgii.zgm Test—Nuts whose proof
stress regiptres a load exgeedjng :160 000 Ib. shall, unless
otherwis¢ Shecified in the parghdse order, contract or product
specification.' §¢ gonsidered t9¢ Jarge for full size proof load
testifig and shall'B¢ ubjected &4 &ss sectional hardness test.
Sample nuts shall be sectioned laterally at approximately one
half (1/2) of the nut height. Such samples need not be threaded,
but shall be part of the manufacturing lot, including heat
treatment. All tests shall be conducted using Rockwell Hard-
ness test scales. Two sets of three readings shall be taken in
locations ~180° apart (See Fig. A3.7). All readings shall be
reported when certification is required and shall meet the
hardness requirements listed in the product specification. The
readings shall be taken across the section of the nut at the
following positions:

Minimum Radius Recommended

gin., but not less than %-in.
permitted

2 "
Parallel Sectlon

2" £ 0.005" Gage Length for

Elongation after Fracture

Note 1—Metric equivalent: | in. =25.4 mm.
FIG. A3.3 Tension Test Specimen for Bolt with Turned-Down
Shank
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Reduced Section

0.357" + 0.005"
1.400" £ 0.005"

Gage Length

Reduced Section

=

0.252" + 0.005"

. o Rad ' min
+ 0|
000" 0,005 roy— H

Note 171:/1;15. s .LEi:'alem: 1 in. =254 mm.
FIG. A3.ABxainplaceaf.Small Size Specimens Proportional to
Sldn}.&txfz ln Gauge Length Specimen

. n of Standard Round 2-in. Gauge Length Ten-
S|on‘|'§§t.$neumen When Turned from Large Size Bolt

A=~

D[
o ‘_'l_/_ Prem Section B-B Section A-A

A— ——8B

1/2 radius

1/2 radius

Dnom

X = Location of Hardness Impressions

FIG. A3.6 Hardness Test Locations for Bolts in a Dispute

Position 1—as close as practical to the major diameter (if Position 3—as close as practical to the corner of the nut, but
threaded) or hole side wall (if blank), but no closer than 2-1/2 no closer than 2-1/2 times the diameter of the indenter.
times the diameter of the indenter.
alfway between the major diameter
(if threaded) or hole side wall, if blank) and a corner of the nut.
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Ad.1 Scope

Wire Product% that are %pec1ﬁc to the produc.
ments contained in this annex are %upplememmy K)tl‘l
in the general section of thlGO?[)eclﬁCftbl@R oo ko cas:) o
conflict between requ1remems Proquedv' tﬁn-’mﬂex and those
found in the oenerftl secti -th ate on “the require-

A4.2 Apparatus

eeens

A4.2.1 Gripping DEVIC@S’—Grlp% of elthe he or
snubbing types as shown in Figs. A4.1 gxl A4D shgll_’l. roysed
(Note A4.1). When using grips of eithgg ;gpe‘ cptes sigall be

taken that the axis of the test specimedf fs {qc’l;e;]. 4pproxi-
mately at the center line of the head ofth¢ Mt machine
(Note A4.2). When using wedge grips the*fife3$ pged behind
the grips shall be of the proper thickness.  *%8?

Norte A4.1—Testing machines usually are equipped with wedge grips.
These wedge grips, irrespective of the type of testing machine, may be
referred to as the “usual type” of wedge grips. The use of fine (180 or 240)
grit abrasive cloth in the “‘usual” wedge type grips, with the abrasive
contacting the wire specimen, can be helpful in reducing specimen

SPHERICAL
BEAR!NG
CROSS-HEAD

OF TESTING
MACHINE

SERRATED
FACES
A ONGRIPS

SECTION A-A

FIG. A4.1 Wedge-Type Gripping Device

A3.7 Hardness Test Locations

gse of conflict

Position 3
Position 2 (core)
Position 1

SPHERICAL

.ﬁlb. A42 Snubbing‘l"ype-Gripping Device
cenr o

e soun
slipping tmd break 553[ the grip ed§s‘s. tensile loads up to about 1000
pounds For tests of speclmens of dalire Wihich are Tiable to be cut at the
edges by the “usual type” of wedge grips, the snubbing type gripping
device has proved satisfactory.

For testing round wire, the use of cylindrical seat in the wedge gripping
device is optional.

Note A4.2—Any defect in a testing machine which may cause nonaxial
application of load should be corrected.

A4.2.2 Pointed Micrometer—A micrometer with a pointed
spindle and anvil suitable for reading the dimensions of the
wire specimen at the fractured ends to the nearest 0.001 in.
(0.025 mm) after breaking the specimen in the testing machine
shall be used.

A4.3 Test Specimens

A4.3.1 Test specimens having the full cross-sectional area
of the wire they represent shall be used. The standard gauge
length of the specimens shall be 10 in. (254 mm). However, if
the determination of elongation values is not required, any
convenient gauge length is permissible. The total length of the
specimens shall be at least equal to the gauge length (10 in.)
plus twice the length of wire required for the full use of the grip
employed. For example, depending upon the type of testing
machine and grips used, the minimum total length of specimen
may vary from 14 to 24 in. (360 to 610 mm) for a 10-in. gauge
length specimen.

A4.3.2 Any specimen breaking in the grips shall be dis-
carded and a new specimen tested.
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A4.4 Elongation

A4.4.1 Indetermining permanent elongation, the ends of the
fractured specimen shall be carefully fitted together and the
distance between the gauge marks measured to the nearest
0.01 in. (0.25 mm) with dividers and scale or other suitable
device. The elongation is the increase in length of the gauge
length, expressed as a percentage of the original gauge length.
In recording elongation values, both the percentage increase
and the original gauge length shall be given.

A4.4.2 In determining total elongation (el'lstlc-plus plastic
extension) autographic or extensometer methodss
ployed.

A4.4.3 If fracture takes place outside of 1
the gauge length, the elongation value obl:
representative of the material.

A4.5 Reduction of Area

me'lsured to the nearest 0. OOl in. (O 025 m
micrometer. The difference betw een bhe 'lrmt
area of the original cross sectq
the original area, is the reduat

A4.5.2 The reduction<afsarea tss;t:

wire diameters less thane 9992 . (2.'{4:
difficulties of measusing é&a reduced crds eedtions.

A4.6 Rockwell Ha'ﬁﬁly;g ng

A4.6.1 On heat— trefrted-w“a sof dwmeber 0. lO()-m
(2.54 mm) and larger. the %peelmen shall be ﬂattened
parallel sides by grinding before testm(’: The hardrzss

“ee

AS5. NOTES ON SI

AS5.1 Notch Behavior

A5.1.1 The Charpy and Izod type tests bring out notch
behavior (brittleness versus ductility) by applying a single
overload of stress. The energy values determined are quantita-
tive comparisons on a selected specimen but cannot be
converted into energy values that would serve for engineering
design calculations. The notch behavior indicated in an indi-
vidual test applies only to the specimen size, notch geometry,
and testing conditions involved and cannot be generalized to
other sizes of specimens and conditions.

AS5.1.2 The notch behavior of the face-centered cubic met-
als and alloys, a large group of nonferrous materials and the
austenitic steels can be judged from their common tensile
properties. It they are brittle in tension they will be brittle when
notched, while if they are ductile in tension, they will be ductile
when notched, except for unusually sharp or deep notches
(much more severe than the standard Charpy or Izod speci-
mens). Even low temperatures do not alter this characteristic of

40

not recommended for any diameter of hard drawn wire or
heat-treated wire less than 0.100 in. (2.54 mm) in diameter. For
round wire, the tensile strength test is greatly preferred over the
hardness test.

A4.7 Wrap Test

A4.7.1 This test is used as a means for testing the ductility
of certain kinds of wire.

A4.7.2 The test consists of coiling the wire in a closely
spaced helix tightly against a mandrel of a specified diameter
for a required number of turns. (Unless other specified, the
required number of turns shall be five.) The wrapping may be
done by hand or a power device. The wrapping rate may not
exceed 15 turns per min. The mandrel diameter shall be
specified in the relevant wire product specification.

A4.7.3 The wire tested shall be considered to have failed if
theswire fractures or if any longitudinal or transverse cracks
aveldp which can be seen by the unaided eye after the first
wpletes éurn. Wire which fails in the first turn shall be
fack @ &uch fractures may be caused by bending the wire

;-to ﬁ;ﬁﬁs; fess than specified when the test starts.

ceees?

Ags C\)llmg Test

‘| This test is used to determine if imperfections are
Nt to the extent that they may cause cracking or splitting

SR
mm) due to the .s -durmo spring coiling and spring extension. A coil of specified

length is closed wound on an arbor of a specified diameter. The
closed cail #sthen stretched to aespecified permanent increase
in lengtheane examined for unitermity of pitch with no splits or
fracturess The vequired arbordinmeter, closed coil length, and
permanents coil extended length dncrease may vary with wire
diametery propgrties. and typegs s s

.o

IFICANCE OF NOTCHED-BAR IMPACT TESTING

these materials. In contrast, the behavior of the ferritic steels
under notch conditions cannot be predicted from their proper-
ties as revealed by the tension test. For the study of these
materials the Charpy and Izod type tests are accordingly very
useful. Some metals that display normal ductility in the tension
test may nevertheless break in brittle fashion when tested or
when used in the notched condition. Notched conditions
include restraints to deformation in directions perpendicular to
the major stress, or multiaxial stresses, and stress concentra-
tions. It is in this field that the Charpy and Izod tests prove
useful for determining the susceptibility of a steel to notch-
brittle behavior though they cannot be directly used to appraise
the serviceability of a structure.

A5.1.3 The testing machine itself must be sufficiently rigid
or tests on high-strength low-energy materials will result in
excessive elastic energy losses either upward through the
pendulum shaft or downward through the base of the machine.
If the anvil supports, the pendulum striking edge, or the
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machine foundation bolts are not securely fastened, tests on
ductile materials in the range of 80 ft-Ibt (108 J) may actually
indicate values in excess of 90 to 100 ft-1bf (122 to 136 I).

A5.2 Notch Effect

AS5.2.1 The notch results in a combination of multiaxial
stresses associated with restraints to deformation in directions
perpendicular to the major stress, and a stress concentration at
the base of the notch. A severely notched conditian is generally
not desirable, and it becomes of real concern it {hose cases in
which it initiates a sudden and complete falliesdfs the brittle
type. Some metals can be deformed in a diedkemaRnar.even
down to the low temperatures of liquideaik s¥hile ethess may
crack. This difference in behavior cansles best un'dks'eod by
considering the cohesive strength of sematesial (or the pmperty
that holds it together) and its relation touhe yield point. In case:
of brittle fracture, the cohesive strengah is exceeded befor
significant plastic deformation occurse and the tr'\cmre»
crystalline. In cases of the ductile or she’r-t:,lpe-of ¢
considerable deformation precedes the finab & el ethie s
broken surface appears hbrous agsafe or:/
mediate cases the fr’tctl)n::z gcz
deformation and is pay

ods there is a norm'ﬁ
stress across the elas hichs tends to initiate
fracture. The pr(')];c{rf}zm keeps it fidm «ldaving, or holds it
together, is the “colidsics sthongth.” Tl'le bab fractures when the
normal stress exceeds'the cohesive streng h.sWhen this occurs
without the bar deforminé‘lt.is the cor:d.ition. for briede §r§1cture.

A5.23 In testing, though not in Sbivice bedduld 38f side
effects, it happens more commonly &84t ¢ Helormation
precedes fracture. In addition to the fariial $&éss, the applied
load also sets up shear stresses which3rd sahohit 45° to the
normal stress. The elastic behavior terminaéed s soon as the
shear stress exceeds the shear strength of the material and
deformation or plastic yielding sets in. This is the condition for
ductile failure.

A5.2.4 This behavior, whether brittle or ductile, depends on
whether the normal stress exceeds the cohesive strength before
the shear stress exceeds the shear strength. Several important
facts of notch behavior follow trom this. If the notch is made
sharper or more drastic, the normal stress at the root of the
notch will be increased in relation to the shear stress and the
bar will be more prone to brittle fracture (see Table A5.1). Also,

¥ A370 - 17

as the speed of deformation increases, the shear strength
increases and the likelihood of brittle fracture increases. On the
other hand, by raising the temperature, leaving the notch and
the speed of deformation the same, the shear strength is
lowered and ductile behavior is promoted, leading to shear
failure.

AS5.2.5 Variations in notch dimensions will seriously affect
the results of the tests. Tests on E4340 steel specimens’ have
shown the effect of dimensional variations on Charpy results
(see Table AS5.1).

AS5.3 Size Effect

A53.1 Increasing either the width or the depth of the
specimen tends to increase the volume of metal subject to
distortion, and by this factor tends to increase the energy
3B8sorption when breaking the specimen. However, any in-
eoes . Lo R
Siedsa in size, particularly in width, also tends to increase the

.ﬁégréé.oi restraint and by tending to induce brittle fracture,
m

bérkase the amount of energy absorbed. Where a
stadddril®size specimen is on the verge of brittle fracture, this is
feyeys - .

pard muhrly true, and a double-width specimen may actually
seqmre less energy for rupture than one of standard width.

:Aﬁ 2 In studies of such effects where the size of the
Material precludes the use of the standard specimen, as for
example when the material is Y4-in. plate, subsize specimens
are necesgarily used. Such, specimens (see Fig. 6 of Test
Methddss B23) are based g .the Type A specimen of Fig. 4 of
Test Metjwd% E23. M

I

A§ 3 Gener’tl correjqtiomy étween the energy values ob-
mmed'mth specimens df differ¢nt size or shape is not feasible,
byt timited*¢gelations mpy she, established for specification
purposes on the basis of $petial dtudies of particular materials
and particular specimens. On the other hand, in a study of the
relative effect of process variations, evaluation by use of some
arbitrarily selected specimen with some chosen notch will in
most instances place the methods in their proper order.

AS5.4 Effects of Testing Conditions

A5.4.1 The testing conditions also aftect the notch behavior.
So pronounced is the effect of temperature on the behavior of
steel when notched that comparisons are frequently made by

7 Fahey, N. H., “Effects of Variables in Charpy Impact Testing.” Materials

Research & Standards. Vol 1, No. 11, November, 1961, p. 872.

TABLE A5.1 Effect of Varying Notch Dimensions on Standard Specimens

High-Energy
Specimens, ft-Ibf (J)

Medium-Energy
Specimens, ft-Ibf (J)

Low-Energy
Specimens, ft-Ibf (J)

Specimen with standard dimensions 76.0+ 3.8 (108.0+52)

Depth of notch, 0.084 in. (2.18 mmy* 722 (97.9)
Depth of notch, 0.0805 in. (2.04 mmy* 75.1 (101.8)
Depth of notch, 0.0775 in. (1.77 mmy* 76.8 (104.1)
Depth of notch, 0.074 in. (1.57 mmy* 79.6 (107.9)
Radius at base of notch, 0.005 in. (0.127 mm)# 72.3 (98.0)
Radius at base of notch, 0.015 in. (0.381 mm)# 80.0 (108.5)

445+ 2.2 (60.3 £ 8.0) 12,5+ 1.0 (16.9 £ 1.4)

41.3 (56.0) 11.4 (15.5)
422 (57.2) 12.4 (16.8)
45.3 (61.4) 12.7 (17.2)
46.0 (62.4) 12.8 (17.3)
41.7 (56.5) 10.8 (14.6)
47.4 (64.9) 15.8 (21.4)

4 Standard 0.079 + 0.002 in. (2.00 = 0.05 mm).
# Standard 0.010 + 0.001 in. (0.25 + 0.025 mm).
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examining specimen fractures and by plotting energy value and although they were struck by a pendulum traveling at speeds
fracture appearance versus temperature from tests of notched  approximately 17 ft (5.2 m)/s. If the force exerted on the
bars at a series of temperatures. When the test temperature has pendulum by the broken specimens is sufficient, the pendulum
been carried low enough to start cleavage fracture, there may will slow down and erroneously high energy values will be
be an extremely sharp drop in impact value or there may be a recorded. This problem accounts for many of the inconsisten-
relatively gradual falling off toward the lower temperatures.  cieg in Charpy results reported by various investigators within
This drop in energy value starts when a specimen begins 10 the 10 to 25-frIbf (14 to 34 I) range. The Apparatus Section
exhibit some crystalline appearance in the fracture. The tran- (the paragraph regarding Specimen Clearance) of Test Methods
sition temperature at which this embrittling effect takgs place )3 discusses the two basic machine designs and a modifica-
varies considerably with the size of the part or t tion found to be satisfactory in minimizing jamming.

and with the notch geometry.

A5.4.2 Some of the many definitions of tr'mc AS.5 Velocity of Straining

ture currently being used are: (7) the lowes!(
which the specimen exhibits 100 % hbrouv
temperature where the fracture shows a 50% y%mllme and a:
50 % fibrous appearance, (3) the tempemtuw eorrespondmg to
the energy value 50 % of the dlﬁerenqeo between yakes
obtained at 100 % and 0 % fibrous fraeture .
temperature corresponding to a specific eperg; .

A5.5.1 Velocity of straining is likewise a variable that
affects the notch behavior of steel. The impact test shows
somewhat higher energy absorption values than the static tests
A :tl.aé transition temperature and yet, in some instances, the
g below the transition temperature.

&lalion with Service

AS543 A problem peculnr 08 C}mrpy—%a A3.5.1 While Charpy or Izod tests may not directly predict

when high-strength, low-energy €peoimens «
tem emt%]res Thge%e s ec1me«1§ym"§) n m:lchlne in the-c!uotﬂ@ or brittle behavior of steel as commonly used in
P P 4 hroa msses or as components of large structures, these tests
the direction of the pendul wm(w-but-mahes ar a sidewise P
direction. To ensure that bhe l'(en halves @totzlee ecimens do .9!‘! b" sed as acceptance tests of identity for different lots of
o ¢ ethe same steel or in choosing between ditferent steels, when

not rebound oft some -and contact 8 ! X : . .
the pendulum before if ¢ él’ezas its swineem 1-ﬁc’mons may correlation with reliable service bghayior has been established.
swingsm t 3 >

be necessary in older mode;
differ with machine de§1gn 'N_ e
the same in that provisions must be made to prevant reb

modlﬁcatlons It may be yppéssary to make, {He, tdsts at properly chosen
@ problemols temperature;offgr than room t§ppgiature. In this, the service
.. e

temperatygel O the transition Jtempérhture of full-scale speci-
mens doed iict.give the deslrdd.tiansition temperatures for
pendulum. Where design permits, the broleen- e : Cha.rpy‘o_r:Izod te"?:m.me the g12:6: & :d.r}otch geometry may be
be deflected out of the sides of the mﬂChll}% ﬂ@.} :yep other so different. Chemichf analysis, idnstons and hardness tests may
designs it may be necessary to contain the* b B spegimens not indicate the influence of some of the important processing
within a certain area until the pendulum passeg ghippch the factors that affect susceptibility to brittle fracture nor do they

anvils. Some low-energy high-strength steel spectmens leave comprehend the effect of low temperatures in inducing brittle
impact machines at speeds in excess of 50 ft (5.3 m)/s behavior.

)
ing of the fractured specimens into any pam of the syu}rzglgg

A6. PROCEDURE FOR CONVERTING PERCENTAGE ELONGATION OF A STANDARD ROUND TENSION TEST SPECI-
MEN TO EQUIVALENT PERCENTAGE ELONGATION OF A STANDARD FLAT SPECIMEN

A6.1 Scope diameter by 2.0-in. test specimen and other standard specimens
A6.1.1 This method specifies a procedure for converting ¢ be calculated as follows:
percentage elongation after fracture obtained in a standard e=e, [4.47 (\/X)/L]“ (A6.1)

0.500-in. (12.7-mm) diameter by 2-in. (51-mm) gauge length
test specimen to standard flat test specimens Y2 in. by 2 in. and where:

1'% in. by 8 in. (38.1 by 203 mm). e, = percentage elongation after fracture on a standard test
A6.2 Basic Equation Zplr:rcr::tl:rn having a 2-in. gauge length and 0.500-in.
A6.2.1 The conversion data in this method are based on an
equation by Bertella,® and used by Oliver® and others. The
relationship between elongations in the standard 0.500-in.
?Oliver. D. A., Pre ings of the itution of Me ical Engineers, 1928. p.

& Bertella. C. A., Giornale del Genio Civile, Vol 60, 1922, p. 343. 827.
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e = percentage elongation after fracture on a standard test TABL_E l_\6.1_ Carbon and Alloy Stee_ls—MateriaI Consta[]t a=04.
. havine a eauee leneth L and a cross-sectional Multiplication Factors for Converting Percent Elongation from
specimen having a gaug © b oo - 2-in. Diameter by 2-in. Gauge Length Standard Tension Test
area A, and . X Specimen to Standard 2 by 2-in. and 12 by 8-in. Flat Specimens
a = constant characteristic of the test material. b b b
Thickness, 22 iny 8-2in 4 Thickness 8-2in Y
A6.3 Application n- Specimen Specimen n Specimen
: : : 0.025 0.574 0.800 0.822
A6.3.1. Ir.1 applymg the abqve equation the constant a is 0,050 0566 0.850 0.832
characteristic of the test material. The valuesq = 0.4 has been 0.035 0.614 0.900 0.841
found to give satisfactory conversions for mbon carbon- 0.040 0.631 0.950 0.850
manganese, molybdenum, and chromiurp.r!l.lybdenum steels g'ggg g'ggg }'?gg g'ggg
within the tensile strength range of 40 96Q gq 86 099:psi (275 0055 0672 1.250 0.808
to 585 MPa) and in the hot-rollegs sigi¢the b ted and 0.060 0.684 1.375 0.916
normalized. or in the annealed conglftfon, witl Wlthout g'gsg g'ggg }'ggg ggi?
tempering. Note that the cold red'u d and quen(.‘h'ed and 0075 0715 1.750 0.961
tempered states are excluded. For 'mneﬂled austenitic stainlgg 0.080 0.725 1.875 0.574
0.085 0.733 .. 2.000 0.987
steels, the value @ =0.127 has beel} found to give %’ttlsf’lctpgy' 0745 0851 2125 0,099
conversions. M 0.758 0542 2.250 1.010
- 0.772 0.553 2.375 1.021
A6.3.2 Table A6.1 has been calculaed 0.786 0562 2500 1.082
the standard 0.500-in. (12, -m) gﬂme{‘ 2 0.799 0.571 2.625 1.042
auge lngih st spec 9 351 TEREQTE Spgemen In the s om0 | e
case of the subsize spedgys 0.89¢ 311 A BP9 mm) in diamete) 0.832 0596 3.000 1.070
by |.4-in. (35.6-mn)p g4pet lphaths p0d 9:250-in. (6.35- myf} 0.843 0.603 3125 1.079
diameter by 1.0-jf.3@8~mnt) gafepelpdth the factor i 3l g:ggg g:g}g gg?g }:ggg
equation is 4.5 ], frsgepgl of 4.47. Thesshikerror introduceti by 0.870 0.623 3.500 1.104
using Table A@.Jsfhg fite,subsized sggekdhiys may be neglected. 081 0638 3.625 1.m2
Table A6.2 for*hh§318d aystenitic; §¢el§ has been cpleulated g'g;g eeoe g'ggl g;?g ::123
taking a = 0.127, with 3¢ $pdard RIQLn. diamgtfs by 2-in. 0944 s44es0675 4000 1134
gauge length test spetlifiért 48 the referthe specihed. g-ggg
o . cesne X
A6.3.3 Elongation given for a $4ndard 0.500:5 Hiameter 0.087
by 2-in. gauge length specimen may] §¢ §Quveld{ 3¢ tlongation }'g?g
for ¥2 in. by 2 in. or 1'% in. by 83ih; 1381 it 203-mm) flat 1024
specimens by multlplymg by the mdﬂ:&&ﬂﬁ(}lbt In Table A6.1 1.035
1.045
and Table A6.2 : 1 e .o 1,056
A6.3.4 These elongation conversions ‘$Hall not be used }'gsg
where the width to thickness ratio of the test piece exceeds 20, 1084

as in sheet specimens under 0.025 in. (0.635 mm) in thickness.

A6.3.5 While the conversions are considered to be reliable
within the stated limitations and may generally be used in
specification writing where it is desirable to show equivalent

1.093
1.101
1.110
1.118
1.126
1.134

elongation requirements for the several standard ASTM tension
specimens covered in Test Methods A370, consideration must

be given to the metallurgical effects dependent on the thickness of the material as processed.
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TABLE A6.2 Annealed Austenitic Stainless Steels—Material
Constant a = 0.127. Multiplication Factors for Converting Percent
Elongation from '%-in. Diameter by 2-in. Gauge Length Standard

Tension Test Specimen to Standard 2 by 2-in. and 1% by 8-in.

Flat Specimens

Thickness, e _by 1‘/2. by Thickness, 1‘/2_ by
in. 2-|_n. 8-|_n. in. 8-|_n.
Specimen Specimen Specimen

0.025 0.800 0.940
0.030 0.850 0.943
0.035 0.900 0.947
0.040 0.950 0.950
0.045 1.000 0.953
0.050 1.125 0.960
0.055 1.250 0.966
0.060 1.375 0.972
0.065 1.500 0.978
0.070 1.635 0.983
0.075 9.¥30° . 0.987
0.080
0.085
0.090

0.095
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A7. TESTING MULTI-WIRE STRAND

This annex has been replaced by Test Methods A1061/A1061M, and procedures for the tension testing of multi-wire
strand for prestressed concrete have been integrated into the relevant product specifications.

'AS ROUNDING OF TEST DATA

A8.1 Rounding AS8.1.2 Recommended levels for rounding reported values
AS.1.1 An observed value or a calomated wdiwce ’;h"lll be of test data are given in Table A8.[. These values are designed

rounded off in accordance with the apgltm%;e. pr'oa secifi- to provide uniformity in reporting and data storage, and should
cation. In the absence of a specified pracegure, the rclmdmg be U§ed in all cases except Wh?? they conflict with specific
off method of Practice E29 shall be a?e;i: ¢ requirements of a product specification.

YY)

A8.1.1.1 Values shall be rounded: i or rounded down + s Rigre A8.1—To minimize cumulative errors, whenever possible, values
determined by the rules of Practice E29. vellt. sitonkiebe carried to at least one figure beyond that of the final (rounded)

A8.1.1.2 In the special case of roundluo .thq mmbex. 5 valia aurmg intervening calculations (such as calculation of stress from

s * 1 sahd sdrea measurements) with rounding occurring as the final
when no additional numbers Other th{la Mlpw Iu bdd ogermmn *The precision may be less than that implied by the number of

rounding shall be done in, Lhﬁ‘dltec.t@tx, of 3 mazc}ﬂ(:'mbh &
limits if following Pr'lgljc}e’ﬁ?) bl g °mps< éfection of 33

material.

@ant figures.

Test Quantity Test Data Range Rounded Value”*
Yield Point, - up to 50 000 psi, excl (up to 50 &si) 100 psi (0.1 ksi)
Yield Strength, 50 00 to 100 000 psi, ext {59 J0*100 ksi) 500 psi (0.5 ksi)

Tensile Strength

100 @G0 psi and above (100sksi and above) 1000 psi (1.0 ksi)
I evenn

u‘)do 500 MPa, excl

1MPa
, 4500 Jos1000 MPa, excl® 5 MPa
0@ MPa and above 10 MPa
et
" s Odo 10 %, excl 0.5%
Elongation +1D % and above 1%
.
" 0 to 10 %, excl 0.5%
Reduction of Area 10 % and above 1%
Impact Energy 0 to 240 ftIbf (or 0 to 325 J) 1 ftbf (or 1 )2
Brinell Hardness all values tabular value
Rockwell Hardness all scales 1 Rockwell Number

“ Round test data to the nearest integral multiple of the values in this column. If the data value is exactly midway between two rounded values, round in accordance with
A8.1.1.2.

B These units are not equivalent but the rounding occurs in the same numerical ranges for each (1 ft-Ibf = 1.356 J).

¢ Round the mean diameter of the Brinell impression to the nearest 0.05 mm and report the corresponding Brinell hardness number read from the table without further
rounding.
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A9,

METHODS FOR TESTING STEEL REINFORCING BARS

The testing requirements for steel reinforcing bars contained in this annex have been integrated into the relevant prod-
uct specifications.

Al10. PROCEDURE FOR USE AND CONTROL OF HEAT-CYCLE SII

A10.1 Purpose

Al10.1.1 To ensure consistent and reproducible ;hg:'n; treat-
ments of production forgings and the test spebingrtss Jhat
represent them when the practice of heat- cyclg ‘qmpmmp'ls
used.

A10.2 Scope

A10.2.1 Generation and documentation ¢fsatual production

time—temperature curves (MASTER CHARTS).

A10.2.2 Controls for duplicating the niaster cygle Hbdidg
heat treatment of production forgings. (Heat tregtfried§ #hdhithé
essential variables established during,43.2. 035444

A10.2.3 Preparation of prqg¥§h? cl‘l'lr(%

unit.
A10.2.4 Monitoring angl singigex

within the limits established :by'the ASME’QQQ
Al10.2.5 Documen.tétz'(zn erd

inspections, charts, ande N

A10.3 Referenced Documdi

Al10.3.1 ASME Standards: 4ASME Boile} ;md Pressu
sel Code Section III, latest edition. e

ASME Boiler and Pressure Vessel CHlids Sé(‘.‘tm '\f.]'[

Division 2, latest edition. 2

A10.4 Terminology

A10.4.1 Definitions:

Al0.4.1.1 master chart—a record of the heat treatment
received from a forging essentially identical to the production
forgings that it will represent. It is a chart of time and
temperature showing the output from thermocouples imbedded
in the forging at the designated test immersion and test location
or locations.

A10.4.1.2 program chart—the metallized sheet used to
program the simulator unit. Time-temperature data from the
master chart are manually transferred to the program chart.

Al10.4.1.3 simulator chart—a record of the heat treatment
that a test specimen had received in the simulator unit. It is a
chart of time and temperature and can be compared directly to
the master chart for accuracy of duplication.

A10.4.1.4 simulator cycle—one continuous heat treatment
of a set of specimens in the simulator unit. The cycle includes
heating from ambient, holding at temperature, and cooling. For
example, a simulated austenitize and quench of a set of
specimens would be one cycle; a simulated temper of the same
specimens would be another cycle.

fa: b HamAGr

A10.5 Procedure

Al10.5.1 Production Master Charts:

A10.5.1.1 Thermocouples shall be imbedded in each forg-
ing from which a master chart is obtained. Temperature shall be
monitored by a recorder with resolution sufficient to clearly
define all aspects of the heating, holding, and cooling process.
All charts are to be clearly identified with all pertinent
inferMdtion and identification required for maintaining perma-

*pertabedtls.

d'mc?'\ntb ~\10 5.3. l) shall be produced to repre%ent essen-

tiglhyy $ehtical forgings (same size and shape). Any change in

5iz¢ bL peometry (exceeding rough machining tolerances) of a
JAdrgiht will necessitate that a new master cooling curve be
."developed

Al10.5.1.4 I#smore than one cuwesis required per master
forging (180° apart) and a dptfereryce in cooling rate is
achieved, then'th@ most conservaive curve shall be used as the

master CHl'\Ri M

Yeesee .t

Al0.5.2¢ Reprqdy;zbzlttv of ngt‘Trearment Parameters on
Producnbn Forgings=**

A10.5.2.1 All information pertaining to the quench and
temper of the master forging shall be recorded on an appro-
priate permanent record, similar to the one shown in Table
Al0.1.

A10.5.2.2 All information pertaining to the quench and
temper of the production forgings shall be appropriately
recorded, preferably on a form similar to that used in
A10.5.2.1. Quench records of production forgings shall be
retained for future reference. The quench and temper record of
the master forging shall be retained as a permanent record.

[ 995

Al10.5.23 A copy of the master forging record shall be
stored with the heat treatment record of the production forging.

Al10.5.2.4 The essential variables, as set forth on the heat
treat record, shall be controlled within the given parameters on
the production forging.

A10.5.2.5 The temperature of the quenching medium prior
to quenching each production forging shall be equal to or lower
than the temperature of the quenching medium prior to
quenching the master forging.

A10.5.2.6 The time elapsed from opening the furnace door
to quench for the production forging shall not exceed that
elapsed for the master forging.
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TABLE A10.1 Heat-Treat Record-Essential Variables

Master
Forging

Production
Forging 1

Production
Forging 5

Production
Forging 4

Production
Forging 3

Production
Forging 2

Program chart number

Time at temperature and actual temperature of
heat treatment

Method of cooling

Forging thickness

Thermocouple immersion

Beneath buffer (yes/no)

Forging number

Product .

Material

Thermocouple location—0 deg

Thermocouple location—180 deg

Quench tank No.

Date of heat treatment

Furnace number

Cycle number

Heat treater

Starting quench medium temperature

Time from furnace to quench

Heating rate above 1000 °F (538 °C)

Temperature upon removal from quench after 5 ’
min

Orientation of forging in quench

A10.5.2.7 1If the timeddrddhetes 3¢ $3&8d8d in opening the
furnace door to begiddid§ sof §uchs 3¢ forging shall
placed back into thé &Mde and broulhf §4ck up to equalizd~
tion temperature., o . ’

A105.2.8 All* th§u1g§.wpresenteﬁl By sthe same master
forging shall be queﬁé}{eﬁ:\&ﬁﬂ tike oritdthlids to the sugthce of
the quench bath. 2 Pad Thiee )

A10.5.2.9 All productid foromgs shqll be quemhed an the
same quench tank, with the same 'atlon as othd s .m'l%ter
forging.

A10.5.2.10 Uniformity of Heat Tréud Pazdrine rsﬁ(l) The
difference in actual heat treating tempéfaire diedwéén produc-
tion forgings and the master forging usedletos establish the
simulator cycle for them shall not exceed +358 (£14 °C) for
the quench cycle. (2) The tempering temperature of the
production torgings shall not fall below the actual tempering
temperature of the master forging. (3) At least one contact
surface thermocouple shall be placed on each forging in a
production load. Temperature shall be recorded for all surface
thermocouples on a Time Temperature Recorder and such
records shall be retained as permanent documentation.

A10.5.3 Heat-Cycle Simulation:

A10.5.3.1 Program charts shall be made from the data
recorded on the master chart. All test specimens shall be given
the same heating rate above, the ACI, the same holding time
and the same cooling rate as the production forgings.

A10.5.3.2 The heating cycle above the ACI, a portion of the
holding cycle, and the cooling portion of the master chart shall
be duplicated and the allowable limits on temperature and time,
as specified in (a)—(c), shall be established for verification of
the adequacy of the simulated heat treatment.

(a) Heat Cvcle Simulation of Test Coupon Heat Treatment
for Quenched and Tempered Forgings and Bars—If cooling
rate data for the forgings and bars and cooling rate control
devices for the test specimens are available, the test specimens
may be heat-treated in the device.

47

1b) The test coupons shall be heated to substantially the

shfne maximum temperature as the forgings or bars. The test
“coupons shall be cooled at a rate similar to and no faster than

the cooling rate representative of the test locations and shall be
Wlthm-%:";” (14 °C) and 20°$ af all temperatures after cooling
begm%; fl'fle test coupons 9haTl basub%equently heat treated in
'lcg(_)r.dgu.n@e ‘with the th‘er' eatments below the critical
temperatire including tem'pe g and simulated post weld heat
treafpient. 14y, | .

*tc) Stmulafeﬂ'Posl Welq H%m: Treatment of Test Specimens
(for ferritic steel forgings and bars)—Except for carbon steel (P
Number 1, Section IX of the Code) forgings and bars with a
nominal thickness or diameter of 2 in. (51 mm) or less, the test
specimens shall be given a heat treatment to simulate any
thermal treatments below the critical temperature that the
forgings and bars may receive during fabrication. The simu-
lated heat treatment shall utilize temperatures, times, and
cooling rates as specified on the order. The total time at
temperature(s) for the test material shall be at least 80 % of the
total time at temperature(s) to which the torgings and bars are
subjected during postweld heat treatment. The total time at
temperature(s) for the test specimens may be performed in a
single cycle.

A10.5.3.3 Prior to heat treatment in the simulator unit, test
specimens shall be machined to standard sizes that have been
determined to allow adequately for subsequent removal of
decarb and oxidation.

A10.5.3.4 At least one thermocouple per specimen shall be
used for continuous recording of temperature on an indepen-
dent external temperature-monitoring source. Due to the sen-
sitivity and design peculiarities of the heating chamber of
certain equipment, it is mandatory that the hot junctions of
control and monitoring thermocouples always be placed in the
same relative position with respect to the heating source
(generally infrared lamps).
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A10.5.3.5 Each individual specimen shall be identified, and
such identification shall be clearly shown on the simulator
chart and simulator cycle record.

A10.5.3.6 The simulator chart shall be compared to the
master chart for accurate reproduction of simulated quench in
accordance with A10.5.3.2(a). If any one specimen is not heat
treated within the acceptable limits of temperature and time,
such specimen shall be discarded and replaced by a newly
machined specimen. Documentation of such action and reasons
for deviation from the master chart shall be ;shown on the
simulator chart, and on the corresponding, §§conformance
report. eevesen

Al10.5.4 Reheat Treatment and Reteslnzg teases

Al10.5.4.1 In the event of a test fajjgre} $étesttss 311'111 be
handled in accordance with rules sgt$ fQrlr by thes trgaterlal
specification. teese

A10.5.4.2 If retesting is perml%elb,‘lg'ﬂ new test spec1meg.
shall be heat treated the same as pr¢\iously. The prqductidg
forging that it represents will have Jreceived ¢ Sihpsheat
treatment. If the test passes. the forging sl D¢ HiePIg¢.If
it fails, the torgmg shall be rejep;al,or bl Bl dul gl toid el i

.
(1) Griffin, JA., “AiEdeE Review to {Jpistthe Reliability, of the
Conversion Factor$ §¢reSup2532e Specith§r sShpwn in ASTNI A370
Table 9, (https://www. yfszpmg/sfsau’pubs/mysz/k:port to ASTM Table
9 TG Table 9 only versione pdf).
(2) Lucon E., McCowan C.N., and SantoyoR,L.
.o

“Infpact (:h;:fafzfptenza-

12383

Al10.5.4.3 If reheat treatment is permissible, proceed as
follows: (1) Reheat treatment same as original heat treatment
(time, temperature, cooling rate): Using new test specimens
from an area as close as possible to the original specimens,
repeat the austenitize and quench cycles twice, followed by the
tempering cycle (double quench and temper). The production
forging shall be given the identical double quench and temper
as its test specimens above. (2) Reheat treatment using a new
heat treatment practice. Any change in time, temperature, or
cooling rate shall constitute a new heat treatment practice. A
new master curve shall be produced and the simulation and
testing shall proceed as originally set forth.

A10.5.4.4 In summation, each test specimen and its corre-
sponding forging shall receive identical heat treatment or heat
treatment; otherwise the testing shall be invalid.

A10.5.5 Storage, Recall, and Documentation of Heat-Cycle
mgwl(mon Data—All records pertaining to heat-cycle simula-
g1 shtetll be maintained and held for a period of ten years or as

sse e

* Jesigrtetle By the customer. Information shall be so organized

thig 23l bractices can be verified by adequate documented

LD

cssee
.
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Committee AQ1 has identified the lg)cation of selected changes to this standard since the last issue (A370 — 16)
that may impact the use of this standard. (Approved Jan. 1, 2017.)

(1) Added Section 30. (2) Revised Section 32.

Committee A01 has identified the location of selected changes to this standard since the last issue (A370 — 15)
that may impact the use of this standard. (Approved May 1, 2016.)

(1) Removed previous Annex A7 and A9.
(2) Added Precision and Bias statement (Section 31).

(3) Revised Annex A3 to permit testing of parts grater than
8 inches in length using Method 1.

Committee AC! has identified the location of selected changes to this standard since the last issue (A370 —
that may impact the use of this standard. (Approved Nov. [, 2015.)

14)

(1) Revised 27.1, 14.3.
(2) Revised Footnote A of Table 9.
(3) Added References section.

(4) Added A 1058 to Section 2.
(5) Added 1.5.1.
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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 advised that fon 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 tim‘ejyy mg [esponsible technical committee and must be reviewed every five years and
ifnot revised, either reapproved or withdrawn. Yeur é@mimedts are invited either for revision of this standard or for additional standards
and shouid be addressed to ASTM Internatiofjd] fiealiqugleys; Your comments will receive careful consideration at a meeting of the
responsible technical committee, which yotsreay @llend. dleyeu feel that your comments have not received a fair hearing you should
make your views known to the ASTM Colpfitgd omySidnlidrds, at the address shown below.

seeeer seese.

This standard is copyrighted by AS¥M indesnational, 108 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2950,
United States. Individual reprints (sinfyly bl tultiple copies) 8f, this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phonea #G10-832-9555 (fax), or service @astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to}gnBtocopy the standard may alsh P Bdcyred from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923; el (978) 646 2600 oNID: //wmoopyﬂgmoom/
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