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This standard is issued under the fixed designation A 370; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

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

1. Scope* inch-pound (ksi) units then converted into SI (MPa) units. The

1.1 These test methctisover procedures and definitions €longation determined in inch-pound gage lengths of 2 or 8 in.
for the mechanical testing of wrought and cast steels, stainle82y be reported in Sl unit gage lengths of 50 or 200 mm,
steels, and related alloys. The various mechanical tests hergiiSPectively, as applicable. Conversely, when this document is
described are used to determine properties required in tHé&ferenced in an inch-pound product specification, the yield
product specifications. Variations in testing methods are to b@nd ténsile values may be determined in Sl units then con-
avoided, and standard methods of testing are to be followed t¢erted into inch-pound units. The elongation determined in SI
obtain reproducible and comparable results. In those cases Wit gage lengths of 50 or 200 mm may be reported in
which the testing requirements for certain products are uniquich-pound gage lengths of 2 or 8 in., respectively, as appli-

or at variance with these general procedures, the produ&able- o .

Sections evaluation of testing laboratories.
Tension 5t0 13 1.7 This standard does not purport to address all of the
Bend 14 safety concerns, if any, associated with its use. It is the
Haéﬂﬂ‘;ﬁs . responsibility of the user of this standard to establish appro-
Rockwell 17 priate safety and health practices and determine the applica-
Portable 18 bility of regulatory limitations prior to use.
Impact 19 to 28
Keywords 2 2. Referenced Documents
1.3 Annexes covering details peculiar to certain products 5 1 ASTM Standards:
are appended to these test methods as follows: A 703/A 703M Specification for Steel Castings, General
Bt Pro A/;Tix Requirements, for Pressure-Containing Parts
ar Products . cpr . .
Tubular Products Annex A2 A 781/A 781M Speuflcatlon for Castings, Stegl and Alloy,
Fasteners Annex A3 Common Requirements, for General Industrial ¥se
EPU(‘fd Wire P][O'\fliutctﬁ Bar Imoact Tecti ﬁnnex 2;1 A 833 Practice for Indentation Hardness of Metallic Mate-
Ignificance o otched-bar Impact lesting nnex - .

Converting Percentage Elongation of Round Specimens to Annex A6 rials by Co.mparlson. ngdness Te.SferS . .
Equivalents for Flat Specimens A 880 Practice for Criteria for Use in Evaluation of Testing
;esri”g! MU"fi-;N"teDSttfa“d ﬁ“”ex 2; Laboratories and Organizations for Examination and In-

ounding of les ata nnex - .
Methods for Testing Steel Reinforcing Bars Annex A9 spectlon_ of Steel’ Stamles;_ St_eel' and R(_alated A?ons
Procedure for Use and Control of Heat-Cycle Simulation Annex A10 E 4 Practices for Force Verification of Testing Machihes

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

1.5 When this document is referenced in a metric product
specification, the yield and tensile values may be determined in

dE® Terminology Relating to Methods of Mechanical Test-
ing®

E 8 Test Methods for Tension Testing of Metallic Matefals

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]®

E 10 Test Method for Brinell Hardness of Metallic Materi-

1 These test methods and definitions are under the jurisdiction of ASTM alg
Committee AO1 on Steel, Stainless Steel and Related Alloys and are the direct
responsibility of Subcommittee A01.13 on Mechanical and Chemical Testing and
Processing Methods of Steel Products and Processes. —
Current edition approved Oct. 1, 2003. Published October 2003. Originally * Annual Book of ASTM Standardgol 01.02.

approved in 1953. Last previous edition approved in 2003 as A 370 — 03. 4 Annual Book of ASTM Standardgol 01.05.
2 For ASME Boiler and Pressure Vessel Caalgplications see related Specifi- S Annual Book of ASTM Standardéol 01.03.
cation SA-370 in Section Il of that Code. ¢ Annual Book of ASTM Standardéol 03.01.

*A Summary of Changes section appears at the end of this standard.
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E 18 Test Methods for Rockwell Hardness and Rockwell 3.2 Improper machining or preparation of test specimens
Superficial Hardness of Metallic Materiéls may give erroneous results. Care should be exercised to assure

E 23 Test Methods for Notched Bar Impact Testing ofgood workmanship in machining. Improperly machined speci-
Metallic Material$ mens should be discarded and other specimens substituted.

E 29 Practice for Using Significant Digits in Test Data to 3.3 Flaws in the specimen may also affect results. If any test
Determine Conformance with Specificatiéns specimen develops flaws, the retest provision of the applicable

E 83 Practice for Verification and Classification of Exten-product specification shall govern.

someter$ _ ~ 3.4 Ifany test specimen fails because of mechanical reasons
E 110 Test Method for Indentation Hardness of Metallicsuch as failure of testing equipment or improper specimen

Materials by Portable Hardness Tesfers preparation, it may be discarded and another specimen taken.
E 190 Test Method for Guided Bend Test for Ductility of
Weld$
E 208 Test Method for Conducting Drop-Weight Test to B - ., B .
Determine Nil-Ductility Transition Temperature of Ferritic 41 The'terms I.ongltudl'n.al test and "transverse test” are
Steel§ used only in material spguﬁcaﬂons for wrought prod'ucts and
E 290 Test Method for Bend Test of Material for Ductifity are not applicable to castings. When such reference is made to

E 1595 Practice for Evaluating the Performance of Me-& test coupon or test specimen, the following definitions apply:

4. Orientation of Test Specimens

chanical Testing Laboratories 4.1.1 Longitudinal Test unless specifically defined other-
22 Other Document: wise, signifies that the lengthwise axis of the specimen is
ASME Boiler and Pressure Vessel Code, Section V”Lparallel to the direction of the greatest extension of the steel
Division |, Part UG-8& during rolling or forging. The stress applied to a longitudinal
tension test specimen is in the direction of the greatest
3. General Precautions extension, and the axis of the fold of a longitudinal bend test

3.1 Certain methods of fabrication, such as bending, formSPeECimen is at right angles to the direction of greatest extension

. . ; . . . (Fig. 1, Fig. 2a, and 2b).
ing, and welding, or operations involving heating, may affect 4127 Testinl ifically defined otherwi
the properties of the material under test. Therefore, the product ™. ransverse fesuniess specincally defined otherwise,
specifications cover the stage of manufacture at which me2ignifies that th_e Ier_lgthW|se axis of the specimen Is at right
chanical testing is to be performed. The properties shown b ng_les to _the d|rect|qn of the greatest extension of the steel
testing prior to fabrication may not necessarily be represent juring rolling or forglng. The_ stress applied to a transverse
tive of the product after it has been completely fabricated. tension test specimen is at right angles to the greatest exten-
sion, and the axis of the fold of a transverse bend test specimen
is parallel to the greatest extension (Fig. 1).
4.2 The terms “radial test” and “tangential test” are used in
7 Annual Book of ASTM Standardéol 14.02. material specifications for some wrought circular products and
8 Discontinued, see 200Annual Book of ASTM Standardéol 03.01. are not applicable to castings. When such reference is made to

9 Available from American Society of Mechanical Engineers, 345 E. 47th Street,g test coupon or test specimen, the fo||owing definitions app|y:
New York, NY 10017.

LONGITUDINAL SPECIMEN

LONGITUDINAL FL AT TENSION TEST

LONG!TUDINAL ROUND TENSION TEST

LONGITUDINAL
BEND TEST

- =~ INDICATES ROLLING DIRECTION o
OR EXTENSION ﬂ
LONGITUDINAL
IMPACT TEST

TRANSVERSE SPECIMEN
TRANSVERSE FeAT
TRANSVERSE
BEND TEST
TRANSVERSE

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

4.2.1 Radial Test unless specifically defined otherwise, material under examination to a measured load sufficient to
signifies that the lengthwise axis of the specimen is perpencause rupture. The resulting properties sought are defined in
dicular to the axis of the product and coincident with one of theTerminology E 6.
radii of a circle drawn with a point on the axis of the product

as a center (Fig. 2a). o _ _in Test Methods E 8. However, there are certain exceptions to

: 4'.2:2 Tangential Testunl_ess specmcally def”?ed ot_herW|se, Test Methods E 8 practices in the testing of steel, and these are

signifies that the lengthwise axis of the specimen is Perpen: v ared in these test methods

dicular to a plane containing the axis of the product and tangent '

to a circle drawn with a point on the axis of the product as 3 Terminolog

center (Fig. 2a, 2b, 2c, and 2d). ' y

6.1 For definitions of terms pertaining to tension testing,

TENSION TEST including tensile strength, yield point, yield strength, elonga-

5. Description tion, and reduction of area, reference should be made to

5.1 The tension test related to the mechanical testing of stederminology E 6.
products subjects a machined or full-section specimen of the

5.2 In general, the testing equipment and methods are given
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7. Testing Apparatus and Operations 7.4.2 1t shall be permissible to set the speed of the testing
d- Mmachine by adjusting the free running crosshead speed to the

7.1 Loading SystemsThere are two general types of loa b ified val ; h h f : i
ing systems, mechanical (screw power) and hydraulic. ThesR?0V€ Specified values, inasmuch as the rate of separation o

differ chiefly in the variability of the rate of load application. head_?_ L(Jjndelr Ioadf ?t these machine hsett(ijngs is dless than the
The older screw power machines are limited to a small numberPEC!!1€d Values of frée running crosshead speed. ,
of fixed free running crosshead speeds. Some modern screw’-4-3 As an alternative, if the machine is equipped with a

power machines, and all hydraulic machines permit steples@eVice to indicate the rate of loading, the speed of the machine
variation throughout the range of speeds. from half the specified yield point or yield strength through the

. : : S : ield point or yield strength may be adjusted so that the rate of
7.2 The tension testing machine shall be maintained in gooéﬁIe . ) .
operating condition, used only in the proper loading range, angessing does not exceed 100 000 psi (690 MPa)/min. How-

calibrated periodically in accordance with the latest revision of Y& the minimum rate of stressing shall not be less than
Practices E 4. 10 000 psi (70 MPa)/min.

Note 1—Many machines are equipped with stress-strain recorders fo8. Test Specimen Parameters

autographic plotting of stress-strain curves. It should be noted that some 8.1 Selection—Test counons shall be selected in accordance
recorders have a load measuring component entirely separate from the =" p

load indicator of the testing machine. Such recorders are calibrate/Ith the applicable product specifications.
separately. 8.1.1 Wrought Steels-Wrought steel products are usually

7 3 Loading—It is the function of the aripbing or holdin tested in the longitudinal direction, but in some cases, where
: G gripping 9 size permits and the service justifies it, testing is in the

device of the testing machine to transmit the load from th . SR . )
heads of the machine to the specimen under test. The essenenra}nsverse, radial, or tangential directions (see Fig. 1 and Fig.

requirement is that the load shall be transmitted axially. This
implies that the centers of the action of the grips shall be i
alignment, insofar as practicable, with the axis of the specime

at the beginning and during the test and that bending oP tati b ided by th licabl
twisting be held to a minimum. For specimens with a reduced’ @ representative numoer as provided by the appicable

section, gripping of the specimen shall be restricted to the gril5)roduct specifications. Test specimens are normally taken at

section. In the case of certain sections tested in full sizem'd'rad'us' Certain product specifications permit the use of a

nonaxial loading is unavoidable and in such cases shall bléepresentanve bar or.the dest_ructl_on of a.productlon part f_or
permissible. test purposes. For ring or disk-like forgings test metal is

7.4 Speed of TestingThe speed of testing shall not be provided by increasing the diameter, thickness, or length of the

. . 4 forging. Upset disk or ring forgings, which are worked or
greater than that at Wh'Ch Ioaq and strain read[ngs_ can be ma Stended by forging in a direction perpendicular to the axis of
accurately. In production testing, speed of testing is commonl he forging, usually have their principal extension along
expressed:]) in terms of free running crosshead speed (rate o '

Cof th head of the test hi h oncentric circles and for such forgings tangential tension
movement of the crosshead of he tesling machine wnen n%tpecimens are obtained from extra metal on the periphery or

under load), 2) in terms of rate of separation of the two headsend of the forging. For some forgings, such as rotors, radial

OI the, testtf:ng maghlne ;Fdert loads) (f'n :[[em}s tof_rgte tohf tension tests are required. In such cases the specimens are cut
stressing the specimen, at)(in terms of rate of straining the or trepanned from specified locations.

specimen. The following limitations on the speed of testing are 8.1.3 Cast Steels-Test coupons for castings from which

recommended as adequate for most steel products: . . h .
tension test specimens are prepared shall be in accordance with
Note 2—Tension tests using closed-loop machines (with feedbackhe requirements of Specifications A 703/A 703M or A781/
control of rate) should not be performed using load control, as this modé 781M, as applicable.
of test_ing will result in accel_eration of the crosshead upon yielding and g 2 Sjze and TolerancesTest specimens shall be the full
elevation of the measured yield strength. thickness or section of material as-rolled, or may be machined
7.4.1 Any convenient speed of testing may be used up tto the form and dimensions shown in Figs. 3-6, inclusive. The
one half the specified yield point or yield strength. When thisselection of size and type of specimen is prescribed by the
point is reached, the free-running rate of separation of th@pplicable product specification. Full section specimens shall
crossheads shall be adjusted so as not to ex¢edd. per min ~ be tested in 8-in. (200-mm) gage length unless otherwise
per inch of reduced section, or the distance between the grigpecified in the product specification.
for test specimens not having reduced sections. This speed8.3 Procurement of Test SpecimenASpecimens shall be
shall be maintained through the yield point or yield strength. Insheared, blanked, sawed, trepanned, or oxygen-cut from por-
determining the tensile strength, the free-running rate ofions of the material. They are usually machined so as to have
separation of the heads shall not exc&edh. per min per inch  areduced cross section at mid-length in order to obtain uniform
of reduced section, or the distance between the grips for teslistribution of the stress over the cross section and to localize
specimens not having reduced sections. In any event, thithe zone of fracture. When test coupons are sheared, blanked,
minimum speed of testing shall not be less thin the sawed, or oxygen-cut, care shall be taken to remove by
specified maximum rates for determining yield point or yieldmachining all distorted, cold-worked, or heat-affected areas
strength and tensile strength. from the edges of the section used in evaluating the test.

8.1.2 Forged Steels-For open die forgings, the metal for
ension testing is usually provided by allowing extensions or
rolongations on one or both ends of the forgings, either on all
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DIMENSIONS
Standard Specimens Subsize Specimen
Plate-Type, Sheet-Type, . )
1%>-in. Wide 2. Wide Yarin. Wide
in. mm in. mm in. mm
G—Gage length (Notes 1 and 2) 8.00 + 0.01 200 + 0.25 2.000 * 0.005 50.0 = 0.10 1.000 + 0.003 25.0 = 0.08
W—Width (Notes 3, 5, and 6) 1Y2 +Ys 40+ 3 0.500 = 0.010 125 * 0.25 0.250 = 0.002 6.25 = 0.05
- Ya -6
T—Thickness (Note 7) Thickness of Material
R—Radius of fillet, min (Note 4) ¥ 13 Y2 13 Ya 6
L—Over-all length, min (Notes 2 and 8) 18 450 8 200 4 100
A—Length of reduced section, min 9 225 2Y4 60 1Y 32
B—Length of grip section, min (Note 9) 3 75 2 50 1Ya 32
C—Width of grip section, approximate 2 50 Ya 20 EZ] 10

(Notes 4, 10, and 11)

Note 1—For the ¥2-in. (40-mm) wide specimen, punch marks for measuring elongation after fracture shall be made on the flat or on the edge of the
specimen and within the reduced section. Either a set of nine or more punch marks 1 in. (25 mm) apart, or one or more pairs of punch marks 8 in. (200
mm) apart may be used.

Note 2—For the¥z-in. (12.5-mm) wide specimen, gage marks for measuring the elongation after fracture shall be madé-amctin€l2.5-mm) face
or on the edge of the specimen and within the reduced section. Either a set of three or more marks 1.0 in. (25 mm) apart or one or more pairs of marks
2 in. (50 mm) apart may be used.

Note 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.002 or 0.001 in. (0.10, 0.05
or 0.025 mm), respectively. Also, there may be a gradual decrease in width from the ends to the center, but the width at either end shall not be more thar
0.015 in., 0.005 in., or 0.003 in. (0.40, 0.10 or 0.08 mm), respectively, larger than the width at the center.

Note 4—For each specimen type, the radii of all fillets shall be equal to each other with a tolerance of 0.05 in. (1.25 mm), and the centers of curvature
of the two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of®.10 in. (2
mm).

Note 5—For each of the three sizes of specimens, narrower widiisutd 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 elpnogiticn in a
specification shall not apply when these narrower specimens are used. If the width of the material is [@gslieasides may be parallel throughout
the length of the specimen.

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 bei
tested permits. If the width is¥2 in. (38 mm) or less, the sides may be parallel throughout the length of the specimen.

Note 7—The dimensioT is the thickness of the test specimen as provided for in the applicable material specifications. Minimum nominal thickness
of 1%2-in. (40-mm) wide specimens shall B&s in. (5 mm), except as permitted by the product specification. Maximum nominal thickné4sirof
(12.5-mm) andz-in. (6-mm) wide specimens shall Bé in. (19 mm) and¥z in. (6 mm), respectively.

Note 8—To aid in obtaining axial loading during testing Bfin. (6-mm) wide specimens, the overall length should be 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 thicknes%ihn. (13-mm) wide specimens is ov& 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 reduce
section within 0.01 and 0.005 in. (0.25 and 0.13 mm), respectively. However, for steel if the end¥sirth€l2.5-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

8.4 Aging of Test SpecimerdJnless otherwise specified, it shorter time at moderately elevated temperatures by boiling in
shall be permissible to age tension test specimens. The timerater, heating in oil or in an oven.
temperature cycle employed must be such that the effects of 8.5 Measurement of Dimensions of Test Specimens
previous processing will not be materially changed. It may be 8.5.1 Standard Rectangular Tension Test Specimenisese
accomplished by aging at room temperature 24 to 48 h, or iforms of specimens are shown in Fig. 3. To determine the
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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 8.75 0.250 6.25 0.160 4.00 0.113 2.50
G—Gage length 2.00%= 50.0 = 1.400%= 35.0 = 1.000*= 25.0 = 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+ 12,5+ 0.350+ 8.75 = 0.250+ 6.25 = 0.160+ 4.00 = 0.113= 250 +
0.010 0.25 0.007 0.18 0.005 0.12 0.003 0.08 0.002 0.05
R—Radius of fillet, min ¥ 10 Ya 6 16 5 Y32 4 Y32 2
A—Length of reduced section, 24 60 1% 45 1Ya 32 Ya 20 B2 16

min (Note 2)

Note 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 percent larger in diameter thal
the center (controlling dimension).

Note 2—If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length. Referenc
marks for the measurement of elongation should, nevertheless, be spaced at the indicated gage length.

Note 3—The gage length and fillets shall be as 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 (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip sectioglgreat enou
to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

Note 4—On the round specimens in Fig. 5 and Fig. 6, the gage lengths are equal to four times the nominal diameter. In some product specifications
other specimens may be provided for, but unless the 4-to-1 ratio is maintained within dimensional tolerances, the elongation values may nable compar
with those obtained from the standard test specimen.

Note 5—The use of specimens smaller than 0.250-in. (6.25-mm) diameter shall be restricted to cases when the material to be tested is of insufficient
size to obtain larger specimens or when all parties agree to their use for acceptance testing. Smaller specimens require suitable equipnent and great
skill in both machining and testing.

Note 6—Five sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, 0.160, and 0.113 in., the reason being to permit eas
calculations of stress from loads, since the corresponding cross sectional areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, ahd 0.0100 in.
respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the simple madgiplying fact
5, 10, 20, 50, and 100, respectively. (The metric equivalents of these fixed diameters do not result in correspondingly convenient cross aeutidnal are
multiplying factors.)

FIG. 4 Standard 0.500-in. (12.5-mm) Round Tension Test Specimen with 2-in. (50-mm) Gage Length and Examples of Small-Size
Specimens Proportional to the Standard Specimens

cross-sectional area, the center width dimension shall beper in the gage length permitted for each of the specimens
measured to the nearest 0.005 in. (0.13 mm) for the 8-indescribed in the following sections.

(200-mm) gage length specimen and 0.001 in. (0.025 mm) for 8.6.3 For brittle materials it is desirable to have fillets of
the 2-in. (50-mm) gage length specimen in Fig. 3. The centelarge radius at the ends of the gage length.

thickness dimension shall be measured to the nearest 0.001 51 Plate-T Speci

for both specimens. - Fate-1ype specimen

8.5.2 Standard Round Tension Test Specimefisese 9.1 The standard plate-type test specimen is shown in Fig. 3.
forms of specimens are shown in Fig. 4 and Fig. 5. Tolhis specimenis used for testing metallic materials in the form
determine the cross-sectional area, the diameter shall B plate, structural and bar-size shapes, and flat material having
measured at the center of the gage length to the nearest 0.081nominal thickness of1e in. (5 mm) or over. When product
in. (0.025 mm) (see Table 1). specifications so permit, other types of specimens may be used.

8.6 Generat—Test specimens shall be either substantially Nore 3—when called for in the product specification, the 8-in. gage
full size or machined, as prescribed in the product specificarength specimen of Fig. 3 may be used for sheet and strip material.
tions for the material being tested. ]

8.6.1 Improperly prepared test specimens often cause unsé0- Sheet-Type Specimen
isfactory test results. It is important, therefore, that care be 10.1 The standard sheet-type test specimen is shown in Fig.
exercised in the preparation of specimens, particularly in th&. This specimen is used for testing metallic materials in the
machining, to assure good workmanship. form of sheet, plate, flat wire, strip, band, and hoop ranging in

8.6.2 It is desirable to have the cross-sectional area of theominal thickness from 0.005 & in. (0.13 to 19 mm). When
specimen smallest at the center of the gage length to ensupeoduct specifications so permit, other types of specimens may
fracture within the gage length. This is provided for by thebe used, as provided in Section 9 (see Note 3).
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
in. mm in. mm in. mm in. mm in. mm
G—Gage length 2.000+ 50.0 = 2.000+ 50.0 = 2.000+ 50.0 = 2.000+ 50.0 = 2.00+ 50.0 =
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 = 12,5+ 0.500 = 12,5+ 0.500 =+ 12.5=+ 0.500 = 12.5* 0.500+ 125 *=
0.010 0.25 0.010 0.25 0.010 0.25 0.010 0.25 0.010 0.25
R—Radius of fillet, min Vs 10 Vs 10 Y16 2 Vs 10 s 10
A—Length of reduced 2Y4 , min 60, min 2%, min 60, min 4, ap- 100, ap- 2%, min 60, min 2%, min 60, min
section proxi- proxi-
mately mately
L—Overall length, approximate 5 125 5% 140 5% 140 AYa 120 9% 240
B—CGCrip section 1%, ap- 35, ap- 1, ap- 25, ap- Ya , ap- 20, ap- Y2, ap- 13, ap- 3, min 75, min
(Note 2) proxi- proxi- proxi- proxi- proxi- proxi- proxi- proxi-
mately mately mately mately mately mately mately mately
C—Diameter of end section Ya 20 Ya 20 2¥3 18 78 22 Ya 20
E—Length of shoulder and L L s 16 L e Ya 20 Y8 16
fillet section, approximate
F—Diameter of shoulder L L s 16 L e s 16 1932 15

Note 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 in. (0.10 mm) larger in
diameter than the center.

Note 2—On Specimen 5 it is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips
a distance equal to two thirds or more of the length of the grips.

Note 3—The types of ends shown are applicable for the standard 0.500-in. round tension test specimen; similar types can be used for subsize
specimens. The use of UNF series of thre&dsy 16,%2 by 20,%s by 24, and¥s by 28) is suggested for high-strength brittle materials to avoid fracture
in the thread portion.

FIG. 5 Suggested Types of Ends for Standard Round Tension Test Specimens

11. Round Specimens sharp, and accurately spaced. The localization of stress at the

11.1 The standard 0.500-in. (12.5-mm) diameter round tedgharks makes a hard specimen susceptible to starting fracture at
specimen shown in Fig. 4 is used quite generally for testingh® punch marks. The gage marks for measuring elongation
metallic materials, both cast and wrought. after fracture shall be made on the flat or on the edge of the flat

11.2 Fig. 4 also shows small size specimens proportional ti£nsion test specimen and within the parallel section; for the
the standard specimen. These may be used when it is necess8rif- 9age length specimen, Fig. 3, one or more sets of 8-in.
to test material from which the standard specimen or specimer@g€ marks may be used, intermediate marks within the gage
shown in Fig. 3 cannot be prepared. Other sizes of small roun§ngth being optional. Rectangular 2-in. gage length speci-
specimens may be used. In any such small size specimen it f8€ns, Fig. 3, and round specimens, Fig. 4, are gage marked
important that the gage length for measurement of elongatiolWith @ double-pointed center punch or scribe marks. One or
be four times the diameter of the specimen (see Note 4, Fig. 4fnore sets of gage marks may be used; however, one set must

11.3 The shape of the ends of the specimens outside of t apprpxmately centered in the reduced section. These' same
gage length shall be suitable to the material and of a shape fJecautions shall be observed when the test specimen is full
fit the holders or grips of the testing machine so that the loadS€ction.
are applied axially. Fig. 5 shows specimens with various types o ) )
of ends that have given satisfactory results. 13. Determination of Tensile Properties

13.1 Yield Point—Yield point is the first stress in a material,
12. Gage Marks less than the maximum obtainable stress, at which an increase

12.1 The specimens shown in Figs. 3-6 shall be gagé strain occurs without an increase in stress. Yield point is
marked with a center punch, scribe marks, multiple device, ointended for application only for materials that may exhibit the
drawn with ink. The purpose of these gage marks is taunique characteristic of showing an increase in strain without
determine the percent elongation. Punch marks shall be lighgn increase in stress. The stress-strain diagram is characterized
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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 12.5+ 0.25 0.750 = 0.015 20.0 = 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 1Ya 32 1> 38 2Ys 60
L—Over-all length, min 3%a 95 4 100 6% 160
B—Grip section, approximate 1 25 1 25 1% 45
C—Diameter of end section, approximate Ya 20 1Y 30 17 48
E—Length of shoulder, min Ya 6 Ya 6 Y16 8
F—Diameter of shoulder Y8 £ Yea 16.0 = 0.40 %6 £ Yea 24.0 = 0.40 176 * Yea 36.5 = 0.40

Note 1—The reduced section and shoulders (dimensfr3, E, F, G,andR) 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 dBharsi®igs/en above.
FIG. 6 Standard Tension Test Specimens for Cast Iron

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 0.350 in. Round 0.250 in. Round
Dg(r:\:ﬁtler, Areg, Multiplying Dg(r:‘rgiiler, Areg, Multiplying Dg(r:r:ftiler, 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 5.24 0.346 0.0940 10.64 0.248 0.0483 20.70
0.494 0.1917 5.22 0.347 0.0946 10.57 0.249 0.0487 20.54
0.495 0.1924 5.20 0.348 0.0951 10.51 0.250 0.0491 20.37
0.496 0.1932 5.18 0.349 0.0957 10.45 0.251 0.0495 20.21
(0.05)2 (20.0)*
0.497 0.1940 5.15 0.350 0.0962 10.39 0.252 0.0499 20.05
(0.05)A (20.0)*
0.498 0.1948 5.13 0.351 0.0968 10.33 0.253 0.0503 19.89
(0.05)* (20.0)*
0.499 0.1956 5.11 0.352 0.0973 10.28 0.254 0.0507 19.74
0.500 0.1963 5.09 0.353 0.0979 10.22 0.255 0.0511 19.58
0.501 0.1971 5.07 0.354 0.0984 10.16 o o L
0.502 0.1979 5.05 0.355 0.0990 10.10
0.503 0.1987 5.03 0.356 0.0995 10.05
o.n" (10.0)*
0.504 0.1995 5.01 0.357 0.1001 9.99
(0.2)4 (5.04 0.2)# (10.0*
0.505 0.2003 4.99 .. ce Ce
0.2" (5.0
0.506 0.2011 4.97
.24 (5.04
0.507 0.2019 4.95
0.508 0.2027 4.93
0.509 0.2035 4.91
0.510 0.2043 4.90

A The values in parentheses may be used for ease in calculation of stresses, in pounds per square inch, as permitted in 5 of Fig. 4.

by a sharp knee or discontinuity. Determine yield point by onesteady rate. When the yield point of the material is reached, the
of the following methods: increase of the load will stop, but run the poise a trifle beyond
13.1.1 Drop of the Beam or Halt of the Pointer Methedn  the balance position, and the beam of the machine will drop for
this method, apply an increasing load to the specimen at a brief but appreciable interval of time. When a machine
uniform rate. When a lever and poise machine is used, keep trejuipped with a load-indicating dial is used there is a halt or
beam in balance by running out the poise at approximately aesitation of the load-indicating pointer corresponding to the
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drop of the beam. Note the load at the “drop of the beam” or
the “halt of the pointer” and record the corresponding stress as R
the yield point.

13.1.2 Autographic Diagram Method-When a sharp-
kneed stress-strain diagram is obtained by an autographic
recording device, take the stress corresponding to the top of the
knee (Fig. 7), or the stress at which the curve drops as the yield
point.

13.1.3 Total Extension Under Load MethedWhen testing
material for yield point and the test specimens may not exhibit
a well-defined disproportionate deformation that characterizes
a yield point as measured by the drop of the beam, halt of the
pointer, or autographic diagram methods described in 13.1.1
and 13.1.2, a value equivalent to the yield point in its practical
significance may be determined by the following method and
may be recorded as yield point: Attach a Class C or better
extensometer (Note 4 and Note 5) to the specimen. When the f — e
load producing a specified extension (Note 6) is reached record om=Specified Extension Under Load

the stress corresponding to the load as the yield point (Fig. 8). FIG. 8 Stress-Strain Diagram Showing Yield Point or Yield
Strength by Extension Under Load Method

-

Stress

Strain

Note 4—Automatic devices are available that determine the load at the
specified total extension without plotting a stress-strain curve. Such . .
devices may be used if their accuracy has been demonstrated. Multiplyifg'ms of strain, percent offset, total extension under load, etc.
calipers and other such devices are acceptable for use provided thditetermine yield strength by one of the following methods:
accuracy has been demonstrated as equivalent to a Class C extensometer1 3.2.1 Offset Method-To determine the yield strength by
Note 5—Reference should be made to Practice E 83. the “offset method,” it is necessary to secure data (autographic
MPNO)T = 6—For steel with f‘yie.'d g%igés.pe/‘?iﬁedf not OV‘Tr 80 EOIO: psi (5|500r numerical) from which a stress-strain diagram with a distinct
a), an appropriate value is 0. in./in. of gage length. For value P . ;
above 80000 psi, this method is not valid unless the limiting total?nOdUIUS characteristic of the T“at‘?“a' bemg tested may be
extension is increased. drawn. Then on thg stress-strain diagram (Fig. 9) layQofi
Note 7—The shape of the initial portion of an autographically deter- €qual to the specified value of the offset, draw parallel to
mined stress-strain (or a load-elongation) curve may be influenced b@A, and thus locater, the intersection ofmn with the
numerous factors such as the seating of the specimen in the grips, tgress-strain curve corresponding to loRd which is the
straightening of a specimen bent due to residual stresses, and the ragjfb|d-strength load. In recording values of yield strength

loading permitted in 7.4.1. Generally, the aberrations in this portion of theobtained by this method, the value of offset specified or used
curve should be ignored when fitting a modulus line, such as that used to ' '

determine the extension-under-load yield, to the curve.
13.2 Yield Strength-Yield strength is the stress at which a

material exhibits a specified limiting deviation from the pro-
portionality of stress to strain. The deviation is expressed in
RiF—=rwcceca/a=
RH——————, - -
o
[
] ©
[ -
. w
” | .
s |&
- |=
(2] [
I
I
: / Stroin
Strain 4 obe~=im
0 m om=Specified Offset
FIG. 7 Stress-Strain Diagram Showing Yield Point Corresponding FIG. 9 Stress-Strain Diagram for Determination of Yield Strength
with Top of Knee by the Offset Method
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or both, shall be stated in parentheses after the term yielibngth of the gage length, expressed as a percentage of the
strength, for example: original gage length. In recording elongation values, give both

Yield strength (0.2 % offse} = 52 000 psi360 MPa ) the percentage increase and the original gage Iengt_h.
13.4.2 If any part of the fracture takes place outside of the

When the offset is 0.2 % or larger, the extensometer useg,ijqle half of the gage length or in a punched or scribed mark

shal(! qualify as a Class B2 device over a strain range of 0.05 ;ithin the reduced section, the elongation value obtained may
1.0 %. If a smaller offset is specified, it may be necessary {5t pe representative of the material. If the elongation so

specify a more accurate device (that is, a Class B1 device) Qheasured meets the minimum requirements specified, no
reduce the lower limit of the strain range (for example, O, her testing is indicated, but if the elongation is less than the
0.01 %) or both. See also Note 9 for automatic devices. minimum requirements, discard the test and retest.

Note 8—For stress-strain diagrams not containing a distinct modulus, 13.4.3 Automated tensile testing methods .USin_g extensom-
such as for some cold-worked materials, it is recommended that theters allow for the measurement of elongation in a method
extension under load method be utilized. If the offset method is used fodescribed below. Elongation may be measured and reported
materials without a distinct modulus, a modulus value appropriate for thesither this way, or as in the method described above, fitting the
material being tested should be used: 30 000 000 psi (207 000 MPa) f%roken ends together. Either result is valid

carbon steel; 29 000 000 psi (200 000 MPa) for ferritic stainless steel; . . . .

28 000 000 psi (193 000 I\/iI)Pa)( for austenitic)stainless steel. For special 13.4.4 E_Iongat.lon at fracture is defined a.‘s the elongat_|on

alloys, the producer should be contacted to discuss appropriate modulfia€asured just prior to the sudden decrease in force associated

values. with fracture. For many ductile materials not exhibiting a

. sudden decrease in force, the elongation at fracture can be
13.2.2 Extension Under Load MethedFor tests to deter- yayan as the strain measured just pri?)r to when the force falls

mine the acceptance or rejection of matengl whose SUess-stray 5 10 9% of the maximum force encountered during the test.

characteristics are well known from previous tests of similar 13.4.4.1 Elongation at fracture shall include elastic and

material in which ;tress-strain diagrams'were plotted.,'the totg) astic elongation and may be determined with autographic or
strain corresponding to the stress at which the specified offs Ltomated methods using extensometers verified over the

(se_e Note 9 f.i”d Note 10) occurs W'”_ be known V\_"th'n train range of interest. Use a class B2 or better extensometer
satisfactory limits. The stress on the specimen, when this totq), materials having less than 5 % elongation: a class C or

strain is fe*”?‘:hed’ is the value_ of the yie!d strength. In recordin etter extensometer for materials having elongation greater
values ‘.Jf yield Stfe.”gth obtained by this method, the value Othan or equal to 5 % but less than 50 %; and a class D or better
exterlilon spf?mf[;d tor use_:dl,d 0[ bOt?h’ ?hall be Slta_‘tEd extensometer for materials having 50 % or greater elongation.
parentheses after the term yield strength, for example. In all cases, the extensometer gage length shall be the nominal

Yield strength (0.5 % EUL) = 52 000 psi360 MP3 (2)  gage length required for the specimen being tested. Due to the
The total strain can be obtained satisfactorily by use of dack of precision in fitting fractured ends together, the elonga-
Class B1 extensometer (Note 4, Note 5, and Note 7). tion after fracture using the manual methods of the preceding

paragraphs may differ from the elongation at fracture deter-
Note 9—Automatic devices are available that determine offset yieldmined with extensometers.
;t;ﬁgﬁtggﬁrggt fl'Ott'Sg a Sd”ess's”a'” qurve Such devices may be used 13 4 4 2 Percent elongation at fracture may be calculated
y has been emons.trate ' . _directly from elongation at fracture data and be reported
Nore 10—The appropriate magnitude of the extension under load wil\ 024 of percent elongation as calculated in 13.4.1. However,
obviously vary with the strength range of the particular steel under test. In) .
general, the value of extension under load applicable to steel at anghese two parameters are not 'nterChange,able' Use of the
strength level may be determined from the sum of the proportional strailongation at fracture method generally provides more repeat-
and the plastic strain expected at the specified yield strength. Thable results.
following equation is used: 13.5 Reduction of Area-Fit the ends of the fractured
Extension under load, in./in. of gage length YSE) +r  (3) specimen together and measure the mean diameter or the width

and thickness at the smallest cross section to the same accuracy

where: - ) ) as the original dimensions. The difference between the area
YS = specified yield strength, psi or MPa, thus found and the area of the original cross section expressed
E = modulus of elasticity, psi or MPa, and as a percentage of the original area is the reduction of area.

r = limiting plastic strain, in./in.

13.3 Tensile Strengtk- Calculate the tensile strength by BEND TEST
dividing the maximum load the specimen sustains during a o
tension test by the original cross-sectional area of the specik4. Description

men. 14.1 The bend test is one method for evaluating ductility,
13.4 Elongation but it cannot be considered as a quantitative means of predict-
13.4.1 Fit the ends of the fractured specimen togetheing service performance in bending operations. The severity of
carefully and measure the distance between the gage marksttte bend test is primarily a function of the angle of bend and
the nearest 0.01 in. (0.25 mm) for gage lengths of 2 in. andnside diameter to which the specimen is bent, and of the cross
under, and to the nearest 0.5 % of the gage length for gageection of the specimen. These conditions are varied according
lengths over 2 in. A percentage scale reading to 0.5 % of théo location and orientation of the test specimen and the
gage length may be used. The elongation is the increase whemical composition, tensile properties, hardness, type, and

10
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quality of the steel specified. Method E 190 and Test Methodrom standard tables such as Table 6, which show numbers corresponding

E 290 may be consulted for methods of performing the test. to the various indentation diameters, usually in increments of 0.05 mm.
14.2 Unless otherwise specified, it shall be permissible to Note 12—In Test Method E 10 the values are stated in Sl units,

age bend test specimens. The time-temperature cycle employwdiereas in this section kg/m units are used.

must be such that the effects of previous processing will notbe 151 2 The standard Brinell test using a 10-mm ball em-

materially changed. It may be gccomplishgd by aging at roo loys a 3000-kgf load for hard materials and a 1500 or 500-kgf
temperature 24 to 48 h, or in shorter time at moderatel oad for thin sections or soft materials (see Annex on Steel

elevated temperatures by boiling in water or by heating in OILI'ubular Products). Other loads and different size indentors may

or in an oven. - .

14.3 Bend the test specimen at room temperature to a e used when specified. In recording hardness values, the
insidé diameter, as designated by the applicable produ iameter of the ball and the load must be stated except when a
specifications, to the extent specified without major crackinglo'mm ball and 3000-kgf load are used.

on the outside of the bent portion. The speed of bending is 16.1.3 A range of hardness can properly be specified only

ordinarily not an important factor. for quenched and tempered or normalized and tempered
material. For annealed material a maximum figure only should
HARDNESS TEST be specified. For normalized material a minimum or a maxi-

mum hardness may be specified by agreement. In general, no

15. General hardness requirements should be applied to untreated material.

15.1 Ahardness test is a means of determining resistance t016.1.4 Brinell hardness may be required when tensile prop-
penetration and is occasionally employed to obtain a quiclerties are not specified.
approximation of tensile strength. Table 2, Table 3, Table 4, 15 2 Apparatus—Equipment shall meet the following re-
and Table 5 are for the conversion of hardness measuremer&airemems:
from one scale to another or to approximate tensile strength. 16.2.1 Testina Machi A Brinell hard . i
These conversion values have been obtained from computer: .~ esting Machine- finefl haraness test]ng ma-
generated curves and are presented to the nearest 0.1 point-{gn€ IS acceptable for use over a loading range within which
permit accurate reproduction of those curves. Since all conS 10ad measuring device is accurate-td %.
verted hardness values must be considered approximate, how-16.2.2 Measuring Microscope-The divisions of the mi-
ever, all converted Rockwell hardness numbers shall bérometer scale of the microscope or other measuring devices
rounded to the nearest whole number. used for the measurement of the diameter of the indentations
15.2 Hardness Testing shall be such as to permit the direct measurement of the
15.2.1 If the product specification permits alternative hard-diameter to 0.1 mm and the estimation of the diameter to 0.05
ness testing to determine conformance to a specified hardnessn.
requirement, the conversions listed in Table 2, Table 3, Table 4,
and Table 5 shall be used. Note 13—This requirement applies to the construction of the micro-
15.2.2 When recording converted hardness numbers, tpRgope only and is not a requirement for measurement of the indentation,
measured hardness and test scale shall be indicated in par&f¢ 164
theses, for example: 353 HB (38 HRC). This means that a 16.2.3 Standard Bal— The standard ball for Brinell hard-
hardness value of 38 was obtained using the Rockwell C scalgess testing is 10 mm (0.3937 in.) in diameter with a deviation

and converted to a Brinell hardness of 353. from this value of not more than 0.005 mm (0.0004 in.) in any

) diameter. A ball suitable for use must not show a permanent

16. Brinell Test change in diameter greater than 0.01 mm (0.0004 in.) when
16.1 Description pressed with a force of 3000 kgf against the test specimen.

16:1‘1 A specified load is applied to a flat su_n_‘ace _of the 163 Test SpecimenBrinell hardness tests are made on
specimen to be tested, through a hard ball of specified diametg§renared areas and sufficient metal must be removed from the
The average diameter of the indentation is used as a basis fQftace to eliminate decarburized metal and other surface

calculation of the Brinell hardness number. The quotient of th‘?rregularities. The thickness of the piece tested must be such

applied load divided by the area of the surface of the ; :
indentation, which is assumed to be spherical, is termed thte!]at no bulge or other marking showing the effect of the load

Brinell hardness number (HB) in accordance with the follow-2PPEars on the side of the piece opposite the indentation.

ing equation: 16.4 Procedure

16.4.1 It is essential that the applicable product specifica-

HB = P/[(rD/2)(D — \/D* - d%] @ tions state clearly the position at which Brinell hardness

where: indentations are to be made and the number of such indenta-
HB = Brinell hardness number, tions required. The distance of the center of the indentation
P = applied load, kgf, from the edge of the specimen or edge of another indentation
D = diameter of the steel ball, mm, and must be at least two and one-half times the diameter of the
d = average diameter of the indentation, mm. indentation.

Note 11—The Brinell hardness number is more conveniently secured 16.4.2 Apply the load for a minimum of 15 s.

11
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TABLE 2 Approximate Hardness Conversion Numbers for Nonaustenitic Steels A (Rockwell C to Other Hardness Numbers)
Rockwell Superficial Hardness
) Rockwell
Rockwell C Vickers Brinell Knoop A Scale 15N Scale, 30N Scale 45N Scale, )
Scale, 150-kgf Hardness Hardness, Hardness, 60-kaf Loéd 15-kgf 30-kgf 45-kgf Approximate
Load, Diamond Number 3000-kgf Load,  500-gf Load Dizgmond ' Load Load Load Tensile
h ’ . ' . ' Strength
Penetrator 10-mm Ball and Over Penetrator Diamond Diamond Diamond i gth,
si (MPa)
Penetrator  Penetrator ~ Penetrator
68 940 Ce 920 85.6 93.2 84.4 75.4
67 900 S 895 85.0 92.9 83.6 74.2
66 865 c 870 84.5 92.5 82.8 73.3
65 832 739 846 83.9 92.2 81.9 72.0
64 800 722 822 83.4 91.8 81.1 71.0
63 772 706 799 82.8 91.4 80.1 69.9
62 746 688 776 82.3 91.1 79.3 68.8
61 720 670 754 81.8 90.7 78.4 67.7
60 697 654 732 81.2 90.2 77.5 66.6 ..
59 674 634 710 80.7 89.8 76.6 65.5 351 (2420)
58 653 615 690 80.1 89.3 75.7 64.3 338 (2330)
57 633 595 670 79.6 88.9 74.8 63.2 325 (2240)
56 613 577 650 79.0 88.3 73.9 62.0 313 (2160)
55 595 560 630 78.5 87.9 73.0 60.9 301 (2070)
54 577 543 612 78.0 87.4 72.0 59.8 292 (2010)
53 560 525 594 77.4 86.9 71.2 58.6 283 (1950)
52 544 512 576 76.8 86.4 70.2 57.4 273 (1880)
51 528 496 558 76.3 85.9 69.4 56.1 264 (1820)
50 513 482 542 75.9 85.5 68.5 55.0 255 (1760)
49 498 468 526 75.2 85.0 67.6 53.8 246 (1700)
48 484 455 510 74.7 84.5 66.7 52.5 238 (1640)
47 471 442 495 74.1 83.9 65.8 51.4 229 (1580)
46 458 432 480 73.6 83.5 64.8 50.3 221 (1520)
45 446 421 466 73.1 83.0 64.0 49.0 215 (1480)
44 434 409 452 72.5 82.5 63.1 47.8 208 (1430)
43 423 400 438 72.0 82.0 62.2 46.7 201 (1390)
42 412 390 426 715 815 61.3 45.5 194 (1340)
41 402 381 414 70.9 80.9 60.4 44.3 188 (1300)
40 392 371 402 70.4 80.4 59.5 43.1 182 (1250)
39 382 362 391 69.9 79.9 58.6 41.9 177 (1220)
38 372 353 380 69.4 79.4 57.7 40.8 171 (1180)
37 363 344 370 68.9 78.8 56.8 39.6 166 (1140)
36 354 336 360 68.4 78.3 55.9 38.4 161 (1110)
35 345 327 351 67.9 7.7 55.0 37.2 156 (1080)
34 336 319 342 67.4 77.2 54.2 36.1 152 (1050)
33 327 311 334 66.8 76.6 53.3 34.9 149 (1030)
32 318 301 326 66.3 76.1 52.1 33.7 146 (1010)
31 310 294 318 65.8 75.6 51.3 325 141 (970)
30 302 286 311 65.3 75.0 50.4 313 138 (950)
29 294 279 304 64.6 74.5 49.5 30.1 135 (930)
28 286 271 297 64.3 73.9 48.6 28.9 131 (900)
27 279 264 290 63.8 73.3 a47.7 27.8 128 (880)
26 272 258 284 63.3 72.8 46.8 26.7 125 (860)
25 266 253 278 62.8 72.2 45.9 25.5 123 (850)
24 260 247 272 62.4 71.6 45.0 24.3 119 (820)
23 254 243 266 62.0 71.0 44.0 23.1 117 (810)
22 248 237 261 61.5 70.5 43.2 22.0 115 (790)
21 243 231 256 61.0 69.9 42.3 20.7 112 (770)
20 238 226 251 60.5 69.4 41.5 19.6 110 (760)

A 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.

12
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TABLE 3 Approximate Hardness Conversion Numbers for Nonaustenitic Steels A (Rockwell B to Other Hardness Numbers)
Rockwell Superficial Hardness
Rockwell B Rockwell A Rockwell F
Scale, 100- Vickers Brinell Knoop scale Scale 15T Scale, 30T Scale, 45T Scale, Approximate
kgf Load ¥is- Hardness Hardness, Hardness, 60-kaf o0-kat 15-kgf 30-kgf 45-kgf Tensile
in. (1.588- 3000-kgf Load,  500-gf Load <9 g Load, Load, Load, Strength
mm) Number 10-mm Ball and Over Load, Diamond Load, Y1e-in. Y16 -in. Y1e-in. Yie-in. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mm) Ball mm) Ball
100 240 240 251 61.5 . 93.1 83.1 72.9 116 (800)
99 234 234 246 60.9 S 92.8 82.5 71.9 114 (785)
98 228 228 241 60.2 e 925 81.8 70.9 109 (750)
97 222 222 236 59.5 S 92.1 81.1 69.9 104 (715)
96 216 216 231 58.9 S 91.8 80.4 68.9 102 (705)
95 210 210 226 58.3 e 915 79.8 67.9 100 (690)
94 205 205 221 57.6 S 91.2 79.1 66.9 98 (675)
93 200 200 216 57.0 S 90.8 78.4 65.9 94 (650)
92 195 195 211 56.4 e 90.5 77.8 64.8 92 (635)
91 190 190 206 55.8 ce 90.2 77.1 63.8 90 (620)
90 185 185 201 55.2 S 89.9 76.4 62.8 89 (615)
89 180 180 196 54.6 e 89.5 75.8 61.8 88 (605)
88 176 176 192 54.0 ce 89.2 75.1 60.8 86 (590)
87 172 172 188 53.4 S 88.9 74.4 59.8 84 (580)
86 169 169 184 52.8 e 88.6 73.8 58.8 83 (570)
85 165 165 180 52.3 ce 88.2 73.1 57.8 82 (565)
84 162 162 176 51.7 S 87.9 72.4 56.8 81 (560)
83 159 159 173 51.1 S 87.6 71.8 55.8 80 (550)
82 156 156 170 50.6 S 87.3 71.1 54.8 77 (530)
81 153 153 167 50.0 S 86.9 70.4 53.8 73 (505)
80 150 150 164 49.5 e 86.6 69.7 52.8 72 (495)
79 147 147 161 48.9 . 86.3 69.1 51.8 70 (485)
78 144 144 158 48.4 S 86.0 68.4 50.8 69 (475)
7 141 141 155 47.9 S 85.6 67.7 49.8 68 (470)
76 139 139 152 47.3 e 85.3 67.1 48.8 67 (460)
75 137 137 150 46.8 99.6 85.0 66.4 47.8 66 (455)
74 135 135 147 46.3 99.1 84.7 65.7 46.8 65 (450)
73 132 132 145 45.8 98.5 84.3 65.1 45.8 64 (440)
72 130 130 143 45.3 98.0 84.0 64.4 44.8 63 (435)
71 127 127 141 44.8 97.4 83.7 63.7 43.8 62 (425)
70 125 125 139 44.3 96.8 83.4 63.1 42.8 61 (420)
69 123 123 137 43.8 96.2 83.0 62.4 41.8 60 (415)
68 121 121 135 43.3 95.6 82.7 61.7 40.8 59 (405)
67 119 119 133 42.8 95.1 82.4 61.0 39.8 58 (400)
66 117 117 131 42.3 94.5 82.1 60.4 38.7 57 (395)
65 116 116 129 41.8 93.9 81.8 59.7 37.7 56 (385)
64 114 114 127 41.4 93.4 81.4 59.0 36.7 S
63 112 112 125 40.9 92.8 81.1 58.4 35.7
62 110 110 124 40.4 92.2 80.8 57.7 34.7
61 108 108 122 40.0 91.7 80.5 57.0 33.7
60 107 107 120 39.5 911 80.1 56.4 32.7
59 106 106 118 39.0 90.5 79.8 55.7 317
58 104 104 17 38.6 90.0 79.5 55.0 30.7
57 103 103 115 38.1 89.4 79.2 54.4 29.7
56 101 101 114 37.7 88.8 78.8 53.7 28.7
55 100 100 112 37.2 88.2 78.5 53.0 27.7
54 . S 111 36.8 87.7 78.2 52.4 26.7
53 S S 110 36.3 87.1 77.9 51.7 25.7
52 e e 109 35.9 86.5 775 51.0 24.7
51 . S 108 35.5 86.0 77.2 50.3 23.7
50 S S 107 35.0 85.4 76.9 49.7 22.7
49 e e 106 34.6 84.8 76.6 49.0 21.7
48 . S 105 34.1 84.3 76.2 48.3 20.7
a7 S S 104 33.7 83.7 75.9 471.7 19.7
46 e e 103 333 83.1 75.6 47.0 18.7
45 . S 102 32.9 82.6 75.3 46.3 17.7
44 S S 101 324 82.0 74.9 45.7 16.7
43 e e 100 32.0 81.4 74.6 45.0 15.7
42 . S 99 31.6 80.8 74.3 44.3 14.7
41 S S 98 31.2 80.3 74.0 43.7 13.6
40 e e 97 30.7 79.7 73.6 43.0 12.6
39 . S 96 30.3 79.1 73.3 42.3 11.6
38 S S 95 29.9 78.6 73.0 41.6 10.6
37 e e 94 29.5 78.0 72.7 41.0 9.6
36 . S 93 29.1 77.4 72.3 40.3 8.6
35 S S 92 28.7 76.9 72.0 39.6 7.6
34 e e 91 28.2 76.3 7.7 39.0 6.6
33 . S 90 27.8 75.7 71.4 38.3 5.6
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TABLE 3 Continued

Rockwell Superficial Hardness

Rockwell B Rockwell A Rockwell F
Scale, 100- Vickers Brinell Knoop Scale Scale 15T Scale, 30T Scale, 45T Scale, Approximate
kgf Load Y1e- Hardness Hardness, Hardness, 60-k f 0.k f 15-kgf 30-kgf 45-kgf Tensile
in. (1.588- 3000-kgf Load,  500-gf Load “g g Load, Load, Load, Strength
Number Load, Diamond Load, ¥1e-in. Yie -i YVie-i Yie-i .
mm) 10-mm Ball and Over 16 -IN. 16-IN. 16-IN. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mm) Ball mm) Ball
32 . o 89 27.4 75.2 71.0 37.6 4.6
31 L L 88 27.0 74.6 70.7 37.0 3.6
30 C L 87 26.6 74.0 70.4 36.3 2.6

A 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.

TABLE 4 Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell C to other Hardness Numbers)

Rockwell Superficial Hardness

Rockwell C Scale, 150-kgf Rockwell A Scale, 60-kgf
Load. Diamond Penetrator Load. Diamond Penetrator 15N Scale, 15-kgf Load, 30N Scale, 30-kgf Load, 45N Scale, 45-kgf Load,
' ' Diamond Penetrator Diamond Penetrator Diamond Penetrator
48 74.4 84.1 66.2 52.1
47 73.9 83.6 65.3 50.9
46 734 83.1 64.5 49.8
45 72.9 82.6 63.6 48.7
44 72.4 82.1 62.7 475
43 71.9 81.6 61.8 46.4
42 71.4 81.0 61.0 45.2
41 70.9 80.5 60.1 44.1
40 70.4 80.0 59.2 43.0
39 69.9 79.5 58.4 41.8
38 69.3 79.0 57.5 40.7
37 68.8 78.5 56.6 39.6
36 68.3 78.0 55.7 38.4
35 67.8 775 54.9 37.3
34 67.3 77.0 54.0 36.1
33 66.8 76.5 53.1 35.0
32 66.3 75.9 52.3 33.9
31 65.8 75.4 51.4 32.7
30 65.3 74.9 50.5 31.6
29 64.8 74.4 49.6 30.4
28 64.3 73.9 48.8 29.3
27 63.8 73.4 47.9 28.2
26 63.3 72.9 47.0 27.0
25 62.8 72.4 46.2 25.9
24 62.3 71.9 45.3 24.8
23 61.8 71.3 44.4 23.6
22 61.3 70.8 435 225
21 60.8 70.3 42.7 21.3
20 60.3 69.8 41.8 20.2

16.4.3 Measure two diameters of the indentation at right
angles to the nearest 0.1 mm, estimate to the nearest 0.05 mm,
and average to the nearest 0.05 mm. If the two diameters differ
by more than 0.1 mm, discard the readings and make a new
indentation.
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TABLE 5 Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell B to other Hardness Numbers)

A8 A 370 - 03a
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Rockwell Superficial Hardness

Rockwell B
) J Diameter, mm J . ' 15-kgf Load, 30-kgf Load, 45-kgf Load,
in. (1.588- 10-mm Ball Diamond Penetrator Yie-in. (1.588- Yie-in. (1.588- Yie-in. (1.588-
mm) Ball mm) Ball mm) Ball mm) Ball
100 3.79 256 61.5 91.5 80.4 70.2
99 3.85 248 60.9 91.2 79.7 69.2
98 3.91 240 60.3 90.8 79.0 68.2
97 3.96 233 59.7 90.4 78.3 67.2
96 4.02 226 59.1 90.1 77.7 66.1
95 4.08 219 58.5 89.7 77.0 65.1
94 4.14 213 58.0 89.3 76.3 64.1
93 4.20 207 57.4 88.9 75.6 63.1
92 4.24 202 56.8 88.6 74.9 62.1
91 4.30 197 56.2 88.2 74.2 61.1
90 4.35 192 55.6 87.8 735 60.1
89 4.40 187 55.0 87.5 72.8 59.0
88 4.45 183 54.5 87.1 72.1 58.0
87 451 178 53.9 86.7 71.4 57.0
86 4.55 174 53.3 86.4 70.7 56.0
85 4.60 170 52.7 86.0 70.0 55.0
84 4.65 167 52.1 85.6 69.3 54.0
83 4.70 163 51.5 85.2 68.6 52.9
82 4.74 160 50.9 84.9 67.9 51.9
81 4.79 156 50.4 84.5 67.2 50.9
80 4.84 153 49.8 84.1 66.5 49.9
TABLE 6 Brinell Hardness Numbers
(Ball 10 mm in Diameter, Applied Loads of 500, 1500, and 3000 kgf)
Diameter Brinell Hardness Number Brinell Hardness Number Diameter Brinell Hardness Number Brinell Hardness Number
of Indenta- Diameter of Indenta- Diameter
tion. mm 500- 1500-  3000- of |ndenta- 500- 1500-  3000- tion. mm 500- 1500-  3000- of |ndenta-  500- 1500-  3000-
' kgf kof kgf tion. mm kgf kof kgf ' kgf kgf kgf tion. mm kgf kgf kgf
Load Load Load ' Load Load Load Load Load Load ' Load Load Load
2.00 158 473 945 2.60 92.6 278 555 3.20 60.5 182 363 3.80 42.4 127 255
2.01 156 468 936 2.61 91.8 276 551 3.21 60.1 180 361 3.81 42.2 127 253
2.02 154 463 926 2.62 91.1 273 547 3.22 59.8 179 359 3.82 42.0 126 252
2.03 153 459 917 2.63 90.4 271 543 3.23 59.4 178 356 3.83 41.7 125 250
2.04 151 454 908 2.64 89.7 269 538 3.24 59.0 177 354 3.84 41.5 125 249
2.05 150 450 899 2.65 89.0 267 534 3.25 58.6 176 352 3.85 41.3 124 248
2.06 148 445 890 2.66 88.4 265 530 3.26 58.3 175 350 3.86 41.1 123 246
2.07 147 441 882 2.67 87.7 263 526 3.27 57.9 174 347 3.87 40.9 123 245
2.08 146 437 873 2.68 87.0 261 522 3.28 57.5 173 345 3.88 40.6 122 244
2.09 144 432 865 2.69 86.4 259 518 3.29 57.2 172 343 3.89 40.4 121 242
2.10 143 428 856 2.70 85.7 257 514 3.30 56.8 170 341 3.90 40.2 121 241
211 141 424 848 2.71 85.1 255 510 3.31 56.5 169 339 3.91 40.0 120 240
2.12 140 420 840 2.72 84.4 253 507 3.32 56.1 168 337 3.92 39.8 119 239
2.13 139 416 832 2.73 83.8 251 503 3.33 55.8 167 335 3.93 39.6 119 237
2.14 137 412 824 2.74 83.2 250 499 3.34 55.4 166 333 3.94 39.4 118 236
2.15 136 408 817 2.75 82.6 248 495 3.35 55.1 165 331 3.95 39.1 117 235
2.16 135 404 809 2.76 81.9 246 492 3.36 54.8 164 329 3.96 38.9 117 234
2.17 134 401 802 2.77 81.3 244 488 3.37 54.4 163 326 3.97 38.7 116 232
2.18 132 397 794 2.78 80.8 242 485 3.38 54.1 162 325 3.98 38.5 116 231
2.19 131 393 787 2.79 80.2 240 481 3.39 53.8 161 323 3.99 38.3 115 230
2.20 130 390 780 2.80 79.6 239 477 3.40 53.4 160 321 4.00 38.1 114 229
2.21 129 386 772 2.81 79.0 237 474 3.41 53.1 159 319 4.01 37.9 114 228
2.22 128 383 765 2.82 78.4 235 471 3.42 52.8 158 317 4.02 37.7 113 226
2.23 126 379 758 2.83 77.9 234 467 3.43 52.5 157 315 4.03 37.5 113 225
2.24 125 376 752 2.84 77.3 232 464 344 52.2 156 313 4.04 37.3 112 224
2.25 124 372 745 2.85 76.8 230 461 3.45 51.8 156 311 4.05 37.1 111 223
2.26 123 369 738 2.86 76.2 229 457 3.46 51.5 155 309 4.06 37.0 111 222
2.27 122 366 732 2.87 75.7 227 454 3.47 51.2 154 307 4.07 36.8 110 221
2.28 121 363 725 2.88 75.1 225 451 3.48 50.9 153 306 4.08 36.6 110 219
2.29 120 359 719 2.89 74.6 224 448 3.49 50.6 152 304 4.09 36.4 109 218
2.30 119 356 712 2.90 74.1 222 444 3.50 50.3 151 302 4.10 36.2 109 217
2.31 118 353 706 291 73.6 221 441 3.51 50.0 150 300 411 36.0 108 216
2.32 117 350 700 2.92 73.0 219 438 3.52 49.7 149 298 4.12 35.8 108 215
2.33 116 347 694 2.93 72.5 218 435 3.53 49.4 148 297 4.13 35.7 107 214
2.34 115 344 688 2.94 72.0 216 432 3.54 49.2 147 295 4.14 35.5 106 213
2.35 114 341 682 2.95 71.5 215 429 3.55 48.9 147 293 4.15 35.3 106 212
2.36 113 338 676 2.96 71.0 213 426 3.56 48.6 146 292 4.16 35.1 105 211
2.37 112 335 670 2.97 70.5 212 423 3.57 48.3 145 290 4.17 34.9 105 210
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TABLE 6 Continued

Diameter Brinell Hardness Number Brinell Hardness Number Diameter Brinell Hardness Number Brinell Hardness Number
of Indenta- Diameter of Indenta- Diameter
tion. mm 500- 1500-  3000- of |ndenta- 500- 1500-  3000- tion. mm 500- 1500-  3000- of |ndenta-  500- 1500-  3000-
' kof kof kof tion, mm kof kgf kof ' kof kgf kof tion, mm kof kgf kof
Load Load Load Load Load Load Load Load Load Load Load Load
2.38 111 332 665 2.98 70.1 210 420 3.58 48.0 144 288 4.18 34.8 104 209
2.39 110 330 659 2.99 69.6 209 417 3.59 a7.7 143 286 4.19 34.6 104 208
2.40 109 327 653 3.00 69.1 207 415 3.60 47.5 142 285 4.20 34.4 103 207
2.41 108 324 648 3.01 68.6 206 412 3.61 47.2 142 283 4.21 34.2 103 205
2.42 107 322 643 3.02 68.2 205 409 3.62 46.9 141 282 4.22 34.1 102 204
2.43 106 319 637 3.03 67.7 203 406 3.63 46.7 140 280 4.23 33.9 102 203
2.44 105 316 632 3.04 67.3 202 404 3.64 46.4 139 278 4.24 33.7 101 202
2.45 104 313 627 3.05 66.8 200 401 3.65 46.1 138 277 4.25 33.6 101 201
2.46 104 311 621 3.06 66.4 199 398 3.66 45.9 138 275 4.26 334 100 200
2.47 103 308 616 3.07 65.9 198 395 3.67 45.6 137 274 4.27 33.2 99.7 199
2.48 102 306 611 3.08 65.5 196 393 3.68 45.4 136 272 4.28 33.1 99.2 198
2.49 101 303 606 3.09 65.0 195 390 3.69 45.1 135 271 4.29 32.9 98.8 198
2.50 100 301 601 3.10 64.6 194 388 3.70 44.9 135 269 4.30 32.8 98.3 197
251 99.4 298 597 3.11 64.2 193 385 3.71 44.6 134 268 431 32.6 97.8 196
2.52 98.6 296 592 3.12 63.8 191 383 3.72 44.4 133 266 4.32 32.4 97.3 195
2.53 97.8 294 587 3.13 63.3 190 380 3.73 44.1 132 265 4.33 32.3 96.8 194
2.54 97.1 291 582 3.14 62.9 189 378 3.74 43.9 132 263 4.34 32.1 96.4 193
2.55 96.3 289 578 3.15 62.5 188 375 3.75 43.6 131 262 4.35 32.0 95.9 192
2.56 95.5 287 573 3.16 62.1 186 373 3.76 43.4 130 260 4.36 31.8 955 191
2.57 94.8 284 569 3.17 61.7 185 370 3.77 43.1 129 259 4.37 31.7 95.0 190
2.58 94.0 282 564 3.18 61.3 184 368 3.78 429 129 257 4.38 315 94.5 189
2.59 93.3 280 560 3.19 60.9 183 366 3.79 42.7 128 256 4.39 314 94.1 188
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TABLE 6 Continued

Diameter Brinell Hardness Number Brinell Hardness Number Diameter Brinell Hardness Number Brinell Hardness Number
of Indenta- Diameter of Indenta- Diameter
tion. mm 500- 1500-  3000- of |ndenta- 500- 1500-  3000- tion. mm 500- 1500-  3000- of |ndenta-  500- 1500-  3000-
' kof kof kof tion, mm kof kgf kof ' kof kgf kof tion, mm kof kgf kof
Load Load Load Load Load Load Load Load Load Load Load Load
4.40 31.2 93.6 187 5.05 23.3 69.8 140 5.70 17.8 53.5 107 6.35 14.0 42.0 84.0
4.41 31.1 93.2 186 5.06 23.2 69.5 139 571 17.8 53.3 107 6.36 13.9 41.8 83.7
4.42 30.9 92.7 185 5.07 23.1 69.2 138 5.72 17.7 53.1 106 6.37 13.9 41.7 83.4
4.43 30.8 92.3 185 5.08 23.0 68.9 138 5.73 17.6 52.9 106 6.38 13.8 41.5 83.1
4.44 30.6 91.8 184 5.09 22.9 68.6 137 5.74 17.6 52.7 105 6.39 13.8 41.4 82.8
4.45 30.5 91.4 183 5.10 22.8 68.3 137 5.75 17.5 52.5 105 6.40 13.7 41.2 82.5
4.46 30.3 91.0 182 511 22.7 68.0 136 5.76 17.4 52.3 105 6.41 13.7 41.1 822
4.47 30.2 90.5 181 5.12 22.6 67.7 135 5.77 17.4 52.1 104 6.42 13.6 40.9 81.9
4.48 30.0 90.1 180 5.13 225 67.4 135 5.78 17.3 51.9 104 6.43 13.6 40.8 81.6
4.49 29.9 89.7 179 5.14 22.4 67.1 134 5.79 17.2 51.7 103 6.44 13.5 40.6 81.3
4.50 29.8 89.3 179 5.15 22.3 66.9 134 5.80 17.2 51.5 103 6.45 13.5 40.5 81.0
451 29.6 88.8 178 5.16 22.2 66.6 133 5.81 17.1 51.3 103 6.46 134 40.4 80.7
4.52 29.5 88.4 177 5.17 221 66.3 133 5.82 17.0 51.1 102 6.47 13.4 40.2 80.4
4.53 29.3 88.0 176 5.18 22.0 66.0 132 5.83 17.0 50.9 102 6.48 13.4 40.1 80.1
454 29.2 87.6 175 5.19 21.9 65.8 132 5.84 16.9 50.7 101 6.49 13.3 39.9 79.8
4.55 29.1 87.2 174 5.20 21.8 65.5 131 5.85 16.8 50.5 101 6.50 13.3 39.8 79.6
4.56 28.9 86.8 174 5.21 21.7 65.2 130 5.86 16.8 50.3 101 6.51 13.2 39.6 79.3
4.57 28.8 86.4 173 5.22 21.6 64.9 130 5.87 16.7 50.2 100 6.52 13.2 39.5 79.0
4.58 28.7 86.0 172 5.23 21.6 64.7 129 5.88 16.7 50.0 99.9 6.53 13.1 39.4 78.7
4.59 28.5 85.6 171 5.24 21.5 64.4 129 5.89 16.6 49.8 99.5 6.54 13.1 39.2 78.4
4.60 28.4 85.4 170 5.25 21.4 64.1 128 5.90 16.5 49.6 99.2 6.55 13.0 39.1 78.2
4.61 28.3 84.8 170 5.26 21.3 63.9 128 5.91 16.5 49.4 98.8 6.56 13.0 38.9 78.0
4.62 28.1 84.4 169 5.27 21.2 63.6 127 5.92 16.4 49.2 98.4 6.57 12.9 38.8 77.6
4.63 28.0 84.0 168 5.28 21.1 63.3 127 5.93 16.3 49.0 98.0 6.58 12.9 38.7 77.3
4.64 27.9 83.6 167 5.29 21.0 63.1 126 5.94 16.3 48.8 97.7 6.59 12.8 38.5 77.1
4.65 27.8 83.3 167 5.30 20.9 62.8 126 5.95 16.2 48.7 97.3 6.60 12.8 384 76.8
4.66 27.6 82.9 166 5.31 20.9 62.6 125 5.96 16.2 48.5 96.9 6.61 12.8 38.3 76.5
4.67 27.5 82.5 165 5.32 20.8 62.3 125 5.97 16.1 48.3 96.6 6.62 12.7 38.1 76.2
4.68 27.4 82.1 164 5.33 20.7 62.1 124 5.98 16.0 48.1 96.2 6.63 12.7 38.0 76.0
4.69 27.3 81.8 164 5.34 20.6 61.8 124 5.99 16.0 47.9 95.9 6.64 12.6 37.9 75.7
4.70 27.1 81.4 163 5.35 20.5 61.5 123 6.00 15.9 47.7 95.5 6.65 12.6 37.7 75.4
4.71 27.0 81.0 162 5.36 20.4 61.3 123 6.01 15.9 47.6 95.1 6.66 12.5 37.6 75.2
472 26.9 80.7 161 5.37 20.3 61.0 122 6.02 15.8 47.4 94.8 6.67 12.5 37.5 74.9
4.73 26.8 80.3 161 5.38 20.3 60.8 122 6.03 15.7 47.2 94.4 6.68 12.4 37.3 74.7
4.74 26.6 79.9 160 5.39 20.2 60.6 121 6.04 15.7 47.0 94.1 6.69 12.4 37.2 74.4
4.75 26.5 79.6 159 5.40 20.1 60.3 121 6.05 15.6 46.8 93.7 6.70 124 37.1 74.1
4.76 26.4 79.2 158 5.41 20.0 60.1 120 6.06 15.6 46.7 934 6.71 12.3 36.9 73.9
4.77 26.3 78.9 158 5.42 19.9 59.8 120 6.07 155 46.5 93.0 6.72 12.3 36.8 73.6
4.78 26.2 78.5 157 5.43 19.9 59.6 119 6.08 15.4 46.3 92.7 6.73 12.2 36.7 73.4
4.79 26.1 78.2 156 5.44 19.8 59.3 119 6.09 154 46.2 92.3 6.74 12.2 36.6 73.1
4.80 25.9 77.8 156 5.45 19.7 59.1 118 6.10 15.3 46.0 92.0 6.75 12.1 36.4 72.8
481 25.8 77.5 155 5.46 19.6 58.9 118 6.11 15.3 45.8 91.7 6.76 12.1 36.3 72.6
4.82 25.7 771 154 5.47 19.5 58.6 117 6.12 15.2 45.7 91.3 6.77 12.1 36.2 72.3
4.83 25.6 76.8 154 5.48 19.5 58.4 117 6.13 15.2 45.5 91.0 6.78 12.0 36.0 72.1
4.84 25.5 76.4 153 5.49 19.4 58.2 116 6.14 15.1 45.3 90.6 6.79 12.0 35.9 71.8
4.85 25.4 76.1 152 5.50 19.3 57.9 116 6.15 15.1 45.2 90.3 6.80 11.9 35.8 71.6
4.86 25.3 75.8 152 551 19.2 57.7 115 6.16 15.0 45.0 90.0 6.81 11.9 35.7 71.3
4.87 25.1 75.4 151 5.52 19.2 57.5 115 6.17 14.9 44.8 89.6 6.82 11.8 35.5 71.1
4.88 25.0 75.1 150 5.53 19.1 57.2 114 6.18 14.9 44.7 89.3 6.83 11.8 35.4 70.8
4.89 24.9 74.8 150 5.54 19.0 57.0 114 6.19 14.8 44.5 89.0 6.84 11.8 35.3 70.6
4.90 24.8 74.4 149 5.55 18.9 56.8 114 6.20 14.7 44.3 88.7 6.86 11.7 35.2 70.4
4.91 24.7 74.1 148 5.56 18.9 56.6 113 6.21 14.7 44.2 88.3 6.86 11.7 35.1 70.1
4.92 24.6 73.8 148 5.57 18.8 56.3 113 6.22 14.7 44.0 88.0 6.87 11.6 34.9 69.9
4.93 24.5 73.5 147 5.58 18.7 56.1 112 6.23 14.6 43.8 87.7 6.88 11.6 34.8 69.6
4.94 24.4 73.2 146 5.59 18.6 55.9 112 6.24 14.6 43.7 87.4 6.89 11.6 34.7 69.4
4.95 24.3 72.8 146 5.60 18.6 55.7 111 6.25 14.5 435 87.1 6.90 11.5 34.6 69.2
4.96 24.2 72.5 145 5.61 18.5 55.5 111 6.26 14.5 43.4 86.7 6.91 11.5 34.5 68.9
4.97 24.1 72.2 144 5.62 18.4 55.2 110 6.27 14.4 43.2 86.4 6.92 11.4 34.3 68.7
4.98 24.0 71.9 144 5.63 18.3 55.0 110 6.28 14.4 43.1 86.1 6.93 11.4 34.2 68.4
4.99 23.9 71.6 143 5.64 18.3 54.8 110 6.29 14.3 42.9 85.8 6.94 11.4 34.1 68.2
5.00 23.8 71.3 143 5.65 18.2 54.6 109 6.30 14.2 42.7 85.5 6.95 11.3 34.0 68.0
5.01 23.7 71.0 142 5.66 18.1 54.4 109 6.31 14.2 42.6 85.2 6.96 11.3 33.9 67.7
5.02 23.6 70.7 141 5.67 18.1 54.2 108 6.32 14.1 42.4 84.9 6.97 11.3 33.8 67.5
5.03 235 70.4 141 5.68 18.0 54.0 108 6.33 14.1 42.3 84.6 6.98 11.2 33.6 67.3
5.04 23.4 70.1 140 5.69 17.9 53.7 107 6.34 14.0 42.1 84.3 6.99 11.2 335 67.0

A Prepared by the Engineering Mechanics Section, Institute for Standards Technology.
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16.4.4 Do not use a steel ball on steels having a hardneds8. Portable Hardness Test
over 450 HB nor a carbide ball on steels having a hardness over 1g 1 Although the use of the standard, stationary Brinell or
650 HB. The Brinell hardness test is not recommended foRgckwell hardness tester is generally preferred, it is not always
materials having a hardness over 650 HB. possible to perform the hardness test using such equipment due
16.4.4.1 Ifaballis used in a test of a specimen which showso the part size or location. In this event, hardness testing using
a Brinell hardness number greater than the limit for the ball aportable equipment as described in Practice A 833 or Test
detailed in 16.4.4, the ball shall be either discarded and/ethod E 110 shall be used.
replaced with a new ball or remeasured to ensure conformance
with the requirements of Test Method E 10. CHARPY IMPACT TESTING
16.5 Detailed Procedure-For detailed requirements of this ;g Summary
test, reference shall be made to the latest revision of Test

Method E 10. 19.1 A Charpy V-notch impact test is a dynamic test in

which a notched specimen is struck and broken by a single
17. Rockwell Test blow in a specially designed testing machine. The measured
o test values may be the energy absorbed, the percentage shear

17.1 Description fracture, the lateral expansion opposite the notch, or a combi-
17.1.1 Inthis test a hardness value is obtained by determimation thereof.

ing the depth of penetration of a diamond point or a steel ball 19.2 Testing temperatures other than room (ambient) tem-

into the specimen under certain arbitrarily fixed conditions. Aperature often are specified in product or general requirement

minor load of 10 kgf is first applied which causes an initial specifications (hereinafter referred to as the specification).

penetration, sets the penetrator on the material and holds it idlthough the testing temperature is sometimes related to the

position. A major load which depends on the scale being usedxpected service temperature, the two temperatures need not be

is applied increasing the depth of indentation. The major loaddentical.

is removed and, with the minor load still acting, the Rockwell o

number, which is proportional to the difference in penetration?0- Significance and Use

between the major and minor loads is determined; this is 20.1 Ductile vs. Brittle BehavieBody-centered-cubic or

usually done by the machine and shows on a dial, digitaferritic alloys exhibit a significant transition in behavior when

display, printer, or other device. This is an arbitrary numberimpact tested over a range of temperatures. At temperatures

which increases with increasing hardness. The scales moabove transition, impact specimens fracture by a ductile

frequently used are as follows: (usually microvoid coalescence) mechanism, absorbing rela-
Scale Major Minor tively Iarge amounts of energy. At lower temperatures, they
Symbol Penetrator Load, Load, fracture in a brittle (usually cleavage) manner absorbing less
ko ko energy. Within the transition range, the fracture will generally
B Yae-in. steel ball 100 10 be a mixture of areas of ductile fracture and brittle fracture.
c Diamond brale 150 10 20.2 The temperature range of the transition from one type

17.1.2 Rockwell superficial hardness machines are used f&f Pehavior to the other varies according to the material being
the testing of very thin steel or thin surface layers. Loads of 15tested. This transition behavior may be defined in various ways

30, or 45 kgf are applied on a hardened steel ball or diamontP" SPecification purposes.

penetrator, to cover the same range of hardness values as for20-2-1 The specification may require a minimum test result
the heavier loads. The superficial hardness scales are 4 absorbed energy, fracture appearance, lateral expansion, or
follows: a combination thereof, at a specified test temperature.

_ _ 20.2.2 The specification may require the determination of
Major Minor L. . .
Scale Load, Load, the transition temperature at which either the absorbed energy
Symbol Penetrator kgf kgf or fracture appearance attains a specified level when testing is
performed over a range of temperatures.

15T Y1e-in. steel ball 15 3 . . . .
30T Yae-in. steel ball 30 3 20.3 Further information on the significance of impact
45T Yae-in. steel ball 45 3 testing appears in Annex A5.

15N Diamond brale 15 3

30N Diamond brale 30 3

45N Diamond brale 45 3 21. Apparatus

) ) 21.1 Testing Machines

17.2 Reporting Hardness-In recording hardness values, 51 7 1 A Charpy impact machine is one in which a notched
the hardness number shall always precede the scale Symbo'vfé’ﬁecimen is broken by a single blow of a freely swinging
example: 96 HRB, 40 HRC, 75 HR15N, or 77 HR30T. pendulum. The pendulum is released from a fixed height. Since

17.3 Test Blocks-Machines should be checked to make the height to which the pendulum is raised prior to its swing,
certain they are in good order by means of standardizednd the mass of the pendulum are known, the energy of the
Rockwell test blocks. blow is predetermined. A means is provided to indicate the

17.4 Detailed Procedure-For detailed requirements of this energy absorbed in breaking the specimen.
test, reference shall be made to the latest revision of Test 21.1.2 The other principal feature of the machine is a fixture
Methods E 18. (See Fig. 10) designed to support a test specimen as a simple
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8-mm rad {0.315") 22.1.1 Test location and orientation should be addressed by
30°02° the specifications. If not, for wrought products, the test location
shall be the same as that for the tensile specimen and the
STRIKING EDGE _ 0 25-mm rad (0.010" orientation shall be longitudinal with the notch perpendicular
Fmm (0.157") to the major surface of the product being tested.
22.1.2 Number of Specimens
SPECIMEN 22.1.2.1 A Charpy impact test consists of all specimens
taken from a single test coupon or test location.
cm{ o 80¢ 2 22.1.2.2 When the specification calls for a minimum aver-
(o ol qu S"(l:(; g ANVIL age test result, three specimens shall be tested.
m 22.1.2.3 When the specification requires determination of a
transition temperature, eight to twelve specimens are usually
o needed.
SPECIMEN \90-39- 22.2 Type and Size
;‘;E—j}_ (35:1000) entes of 22.2.1 Use a standard full size Charpy V-notch specimen
v W/2) (Type A) as shown in Fig. 11, except as allowed in 22.2.2.
— o 22.2.2 Subsized Specimens
22.2.2.1 For flat material less thé&fs in. (11 mm) thick, or

when the absorbed energy is expected to exceed 80 % of full
scale, use standard subsize test specimens.
22.2.2.2 For tubular materials tested in the transverse direc-
Note 1—A shall be parallel to B within 2:1000 and coplanar with B tion, where the relationship between diameter and wall thick-
within 0.05 mm (0.002 in.). N __ness does not permit a standard full size specimen, use standard
wi{\rl](i)r:Eo.21;5Cnirr;1al(lot.)80%aiﬁl)l.el to D within 20:1000 and coplanar with D subsize test specimens or standard size specimens containing
Note 3—Finish on unmarked parts shall be 4 um (125 pin.). outer diameter (OD) Curvat_ure as follows: . .
FIG. 10 Charpy (Simple-Beam) Impact Test (1) Standard size specimens and subsize specimens may
contain the original OD surface of the tubular product as shown
beam at a precise location. The fixture is arranged so that the
notched face of the specimen is vertical. The pendulum strikes b
the other vertical face directly opposite the notch. The dimen- °
sions of the specimen supports and striking edge shall conform i
to Flg 10. btz —| 2 mm (0.079 in)} 025 mm
21.1.3 Charpy machines used for testing steel generally ‘ E L] e S N
have capacities in the 220 to 300 ft:Ibf (300 to 400 J) energy R p— b omm '
range. Sometimes machines of lesser capacity are used; how- : o39mm T
ever, the capacity of the machine should be substantially in
excess of the absorbed energy of the specimens (see Test

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

Note 1—Permissible variations shall be as follows:
Notch length to edge 90 *2°

Methods E_23). The linear velocity at the point of impact  agjacent sides shall be at 90° =+ 10 min
should be in the range of 16 to 19 ft/s (4.9 to 5.8 m/s). Cross-section dimensions +0.075 mm (+0.003 in.)
P Length of specimen (L) +0,-25mm (+0,-0.100 in.)

21.2 Temperatu_re Media Lo Centering of notch (L/2) +1 mm (*=0.039 in.)

21.2.1 For testing at other than room temperature, it iS  angie of notch oy
necessary to condition the Charpy specimens in media at Radius of notch +0.025 mm (+0.001 in.)
controlled temperatures. Notch depth +0.025 mm (*0.001 in.)

. . . Finish requirements 2 pum (63 pin.) on notched surface and

21.2.2 Low temperature media usually are chilled fluids opposite
(such as water, ice plus water, dry ice plus organic solvents, or face; 4 pm (125 pin.) on other two
liquid nitrogen) or chilled gases. surfaces

21.2.3 Elevated temperature media are usually heated lig- @ S?r::d Ful S;Zi,snpemmen 6.7mm —7.5mm
uids such as mineral or silicone oils. Circulating air ovens may i(oo 98 in. )YE)‘FOm) Y(i‘mm) Ezsqm, (0.295in.)
be used. g

21.3 Handling Equipment-Tongs, especially adapted to fit 10 mm J—u
the notch in the impact specimen, normally are used for0.394in)
removing the specimens from the medium and placing them on 2 mm (0. 079 in.)
the anvil (refer to Test Methods E 23). In cases where the
machine fixture does not provide for automatic centering of the Nore 2—0n subsize specimens, all dimensions and tolerances of the
test specimen, the tongs may be precision machined to providgandard specimen remain constant with the exception of the width, which
centering. varies as shown above and for which the tolerance shait béb.

(b) Standard Subsize Specimens

22. Sampling and Number of Specimens
22.1 Sampling FIG. 11 Charpy (Simple Beam) Impact Test Specimens
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in Fig. 12. All other dimensions shall comply with the 25.1.1 Condition the specimens to be broken by holding
requirements of Fig. 11. them in the medium at test temperature for at least 5 min in

. . . diquid media and 30 min in gaseous media.
Note 14—For materials with toughness levels in excess of about 5 . . .
ft-Ibs, specimens containing the original OD surface may yield values in 29-1.2 Prior to each test, maintain the tongs for handling test

excess of those resulting from the use of conventional Charpy specimen§P€cimens at the same temperature as the specimen so as not to

; ; ffect the temperature at the notch.
22.2.2.3 If a standard full-size specimen cannot be pre are@, o . .
P brep 25.2 Positioning and Breaking Specimens

the largest feasible standard subsize specimen shall be pre- . . .
pared. The specimens shall be machined so that the specimerf>-2-1 Carefully center the test specimen in the anvil and
does not include material nearer to the surface than 0.020 if¢'éase the pendulum to break the specimen.

(0.5 mm). 25.2.2 If the pendulum is not released withb s after

22.2.2.4 Tolerances for standard subsize specimens afgmoving the specimen from the conditioning medium, do not
shown in Fig. 11. Standard subsize test specimen sizes arareak the specimen. Return the specimen to the conditioning

10X 7.5 mm, 10X 6.7 mm, 10X 5 mm, 10X 3.3 mm, and medium for the period required in 25.1.1.
10X 2.5 mm. 25.3 Recovering Specimendn the event that fracture ap-

22 225 Notch the narrow face of the standard subsiz€€arance or lateral expansion must be determined, recover the

specimens so that the notch is perpendicular to the 10 mm wid®atched pieces of each broken specimen before breaking the
face. next specimen.

22.3 Notch Preparatior-The machining of the notch is  25.4 Individual Test Values
critical, as it has been demonstrated that extremely minor 25.4.1 Impact energy- Record the impact energy absorbed
variations in notch radius and profile, or tool marks at theto the nearest ft-Ibf (J).
bottom of the notch may result in erratic test data. (See Annex 25.4.2 Fracture Appearance

A5). 25.4.2.1 Determine the percentage of shear fracture area by
any of the following methods:
23. Calibration (1) Measure the length and width of the brittle portion of the

23.1 Accuracy and SensitivityCalibrate and adjust Charpy fracture surface, as shown in Fig. 13 and determine the percent
impact machines in accordance with the requirements of Teshear area from either Table 7 or Table 8 depending on the units

Methods E 23. of measurement.
(2) Compare the appearance of the fracture of the specimen
24. Conditioning—Temperature Control with a fracture appearance chart as shown in Fig. 14.

24.1 When a specific test temperature is required by the () Il_\gagni;y thel fractﬁre surface and cr?mpare it toha
specification or purchaser, control the temperature of th(;f;reca| rate boveray ¢ ?rt (I)r measure the percent shear
heating or cooling medium within=2°F (1°C) because the racture area by means of a planimeter.

effect of variations in temperature on Charpy test results can be (4) Photograph the fractured surface at a suitable magnifi-
very great. cation and measure the percent shear fracture area by means of

a planimeter.
Note 15—For some steels there may not be a need for this restricted 25 4 2 2 Determine the individual fracture appearance val-

temperature, for example, austenitic steels. _ues to the nearest 5 % shear fracture and record the value.
Note 16—Because the temperature of a testing laboratory often varies

from 60 to 90°F (15 to 32°C) a test conducted at “room temperature” 25.4.3 Lateral Expansion

might be conducted at any temperature in this range. 25.4.3.1 Lateral expansion is the increase in specimen
width, measured in thousandths of an inch (mils), on the
25. Procedure compression side, opposite the notch of the fractured Charpy
25.1 Temperature V-notch specimen as shown in Fig. 15.
B i A ! B

e o ——

— -
t
i

Dimension Description Requirement

A Machined Surface 28 mm Minimum

B Original OD Surface 13.5 mm Maximum

T Specimen Thickness Figure 11

t End Thickness 2 T Minimum

FIG. 12 Tubular Impact Specimen Containing Original OD Surface
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Notch
Shear Area
(dult) ——u_|
Cieavage Arec

i
{shiny} —————1
VJ

A

Note 1—Measure average dimensioAsand B to the nearest 0.02 in. or 0.5 mm.
Note 2—Determine the percent shear fracture using Table 7 or Table 8.
FIG. 13 Determination of Percent Shear Fracture

TABLE 7 Percent Shear for Measurements Made in Inches

Note 1—Since this table is set up for finite measurements or dimengicarsd B, 100% shear is to be reported when eitheor B is zero.

Dimen- Dimension A, in.
ion

g,?n. 0.05 0.10 | 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40
0.05 98 96 95 94 94 93 92 91 90 90 89 88 87 86 85 85 84
0.10 96 92 90 89 87 85 84 82 81 79 77 76 74 73 71 69 68
0.12 95 90 88 86 85 83 81 79 77 75 73 71 69 67 65 63 61
0.14 94 89 86 84 82 80 77 75 73 71 68 66 64 62 59 57 55
0.16 94 87 85 82 79 77 74 72 69 67 64 61 59 56 53 51 48
0.18 93 85 83 80 77 74 72 68 65 62 59 56 54 51 48 45 42
0.20 92 84 81 77 74 72 68 65 61 58 55 52 48 45 42 39 36
0.22 91 82 79 75 72 68 65 61 57 54 50 47 43 40 36 33 29
0.24 90 81 77 73 69 65 61 57 54 50 46 42 38 34 30 27 23
0.26 90 79 75 71 67 62 58 54 50 46 41 37 33 29 25 20 16
0.28 89 77 73 68 64 59 55 50 46 41 37 32 28 23 18 14 10
0.30 88 76 71 66 61 56 52 47 42 37 32 27 23 18 13 9 3
0.31 88 75 70 65 60 55 50 45 40 35 30 25 20 18 10 5 0

TABLE 8 Percent Shear for Measurements Made in Millimetres

Note 1—Since this table is set up for finite measurements or dimengicared B, 100% shear is to be reported when eitheor B is zero.

Dimen- Dimension A, mm
sion

B, mm 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10
1.0 99 98 98 97 96 96 95 94 94 93 92 92 91 91 90 89 89 88 88
15 98 97 96 95 94 93 92 92 91 90 89 88 87 86 85 84 83 82 81
2.0 98 96 95 94 92 91 90 89 88 86 85 84 82 81 80 79 77 76 75
25 97 95 94 92 91 89 88 86 84 83 81 80 78 77 75 73 72 70 69
3.0 96 94 92 91 89 87 85 83 81 79 77 76 74 72 70 68 66 64 62
35 96 93 91 89 87 85 82 80 78 76 74 72 69 67 65 63 61 58 56
4.0 95 92 90 88 85 82 80 77 75 72 70 67 65 62 60 57 55 52 50
45 94 92 89 86 83 80 77 75 72 69 66 63 61 58 55 52 49 46 44
5.0 94 91 88 85 81 78 75 72 69 66 62 59 56 53 50 47 44 41 37
55 93 90 86 83 79 76 72 69 66 62 59 55 52 48 45 42 38 35 31
6.0 92 89 85 81 77 74 70 66 62 59 55 51 47 44 40 36 33 29 25
6.5 92 88 84 80 76 72 67 63 59 55 51 47 43 39 35 31 27 23 19
7.0 91 87 82 78 74 69 65 61 56 52 47 43 39 34 30 26 21 17 12
7.5 91 86 81 77 72 67 62 58 53 48 44 39 34 30 25 20 16 11 6
8.0 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

25.4.3.2 Examine each specimen half to ascertain that the 25.4.3.4 Measure the amount of expansion on each side of
protrusions have not been damaged by contacting the anvibach half relative to the plane defined by the undeformed
machine mounting surface, and so forth. Discard such samplgmortion of the side of the specimen using a gage similar to that
since they may cause erroneous readings. shown in Fig. 16 and Fig. 17.

25.4.3.3 Check the sides of the specimens perpendicular to 25.4.3.5 Since the fracture path seldom bisects the point of
the notch to ensure that no burrs were formed on the sidemaximum expansion on both sides of a specimen, the sum of
during impact testing. If burrs exist, remove them carefully bythe larger values measured for each side is the value of the test.
rubbing on emery cloth or similar abrasive surface, makingArrange the halves of one specimen so that compression sides
sure that the protrusions being measured are not rubbed durige facing each other. Using the gage, measure the protrusion
the removal of the burr. on each half specimen, ensuring that the same side of the
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FIG. 15 Halves of Broken Charpy V-Notch Impact Specimen Joined for the Measurement of Lateral Expansion, Dimension A

specimen is measured. Measure the two broken halves indbe separated by force applied by bare hands, the specimen may
vidually. Repeat the procedure to measure the protrusions doe considered as having been separated by the blow.

the opposite side of the specimen halves. The larger of the two

values for each side is the expansion of that side of th@6. Interpretation of Test Result

specimen. o _ 26.1 When the acceptance criterion of any impact test is
25.4.3.6 Me_asure the individual lateral expansion values t@pecified to be a minimum average value at a given tempera-
the nearest mil (0.025 mm) and record the values. ture, the test result shall be the average (arithmetic mean) of the

25.4.3.7 With the exception described as follows, any speciindividual test values of three specimens from one test loca-
men that does not separate into two pieces when struck by teon.
single blow shall be reported as unbroken. If the specimen can 26.1.1 When a minimum average test result is specified:
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FIG. 16 Lateral Expansion Gage for Charpy Impact Specimens

BILL OF MATERIAL

LEQM DESCRIPTION MATERIAL AND SIZE
T R DA‘LS}‘SPU“ 435/ x1/2|STEEL SAE 10151020
- 2 | 1 |eaSE PLATE 7x4x34 [STEEL SAE 10B-1020
9 of T 2| v |PAD  6-174x3-/2x1/16 [RUBBER
- —4—-- - - I
™ ot 4 | 2 |[SCREW-SOCKET STEEL W4-20% I"LG
Ny . phuiet S
& i s | [SSRENG BEET STEEL 14-20534° LG
L | _HEAD CAP : 0
| 6 | | |DIAL INDICATOR (SEE NOTE 2)
‘ | | J
L2l s]
m 2 (SR 20 R X S 0625
- . 625% _
! a0 ®
~
et NOTE: THESE SURFACES TO BE ON SAME
- PLANE - LAP AT ASSEMBLY
i - No.2 STARRETT CONTACT POINT
} ]
L2 42 ¢ 06 R(TYP)
e B S = 8‘
459 = :é
— : §:
- ¢}
Nl 31
-8 C 62
45° -
DETAIL.B (ENLARGED)
& . DETAIL A (ENLARGED) . pRiLL & AP 1/4-20 NC-2
A — SEE DETAIL A 1, .~/ - —DRILL (280 DA
- - ° 90‘*' oL D NOTES:
ﬁ.*;. °p_ &5?\\\\\"&\3\\ ) 1) FLASH CHROME PLATE ITEMS |8 2
g 2) DIAL INDICATOR- STARRETT NO. 25-24

W7/ /M7

Ige!
‘ T
,/4’&4 (Tve)

<"AFTER ASS'Y. OF ITEMS |8 2, CEMENT
RUBBER PAD (ITEM 3) TO BASE

FIG. 17 Assembly and Details for Lateral Expansion Gage

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

DRILL (.281) DIA. 8 C'BORE
(.437) DIA. x .31 DEEP

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

(3) The individual test value for any specimen measures
not less than two-thirds of the specified minimum average.

(1) The test result equals or exceeds the specified minimum 26.1.1.2 If the acceptance requirements of 26.1.1.1 are not

average (given in the specification),

met, perform one retest of three additional specimens from the

(2) The individual test value for not more than one same test location. Each individual test value of the retested
specimen measures less than the specified minimum averaggecimens shall be equal to or greater than the specified

and
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26.2 Test Specifying a Minimum Transition Temperature 26.3 When subsize specimens are permitted or necessary, or
26.2.1 Definition of Transition TemperatureFor specifica-  both, modify the specified test requirement according to Table
tion purposes, the transition temperature is the temperature tor test temperature according to ASME Boiler and Pressure
which the designated material test value equals or exceeds\Messel Code, Table UG-84.2, or both. Greater energies or lower
specified minimum test value. test temperatures may be agreed upon by purchaser and
26.2.2 Determination of Transition Temperature supplier.
26.2.2.1 Break one specimen at each of a series of tempera-
tures above and below the anticipated transition temperaturé/- Records
using the procedures in Section 25. Record each test tempera-27.1 The test record should contain the following informa-
ture to the nearest 1°F (0.5°C). tion as appropriate:
26.2.2.2 Plot the individual test results (ft:Ibf or percent 27.1.1 Full description of material tested (that is, specifica-
shear) as the ordinate versus the corresponding test temperattitn number, grade, class or type, size, heat number).
as the abscissa and construct a best-fit curve through the plotted27.1.2 Specimen orientation with respect to the material
data points. axis.
26.2.2.3 If transition temperature is specified as the tem- 27.1.3 Specimen size.
perature at which a test value is achieved, determine the 27.1.4 Test temperature and individual test value for each
temperature at which the plotted curve intersects the specifiespecimen broken, including initial tests and retests.
test value by graphical interpolation (extrapolation is not 27.1.5 Test results.
permitted). Record this transition temperature to the nearest 27.1.6 Transition temperature and criterion for its determi-
5°F (3°C). If the tabulated test results clearly indicate anation, including initial tests and retests.
transition temperature lower than specified, it is not necessar
to plot the data. Report the lowest test temperature for whici8: Report
test value exceeds the specified value. 28.1 The specification should designate the information to
26.2.2.4 Accept the test result if the determined transitiorbe reported.
temperature is equal to or lower than the specified value.
26.2.2.5 If the determined transition temperature is highe?9- Keywords
than the specified value, but not more than 20°F (12°C) higher 29.1 bend test; Brinell hardness; Charpy impact test; elon-
than the specified value, test sufficient samples in accordanagation; FATT (Fracture Appearance Transition Temperature);
with Section 25 to plot two additional curves. Accept the testhardness test; portable hardness; reduction of area; Rockwell
results if the temperatures determined from both additionahardness; tensile strength; tension test; yield strength
tests are equal to or lower than the specified value.

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

Full Size, 10 by 10 mm %4 Size, 10 by 7.5 mm %3 Size, 10 by 6.7 mm Y2 Size, 10 by 5 mm Y3 Size, 10 by 3.3 mm Y4 Size, 10 by 2.5 mm

ft-1bf [ ft-Ibf [J ft-Ibf [ ft-1bf [ ft-1bf [J ft-Ibf [J]
40 [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 [8]
20 [27] 15 [20] 13 [18] 10 [14] 7 [10] 5 [7]
16 [22] 12 [16] 11 [15] 8 [11] 5 [7] 4 [5]
15 [20] 11 [15] 10 [14] 8 [11] 5 [7] 4 [5]
13 [18] 10 [14] 9 [12] 6 [8] 4 [5] 3 [4]
12 [16] 9 [12] 8 [11] 6 [8] 4 [5] 3 [4]
10 [14] 8 [11] 7 [10] 5 [7] 3 [4] 2 [3]

7 [10] 5 [7] 5 [7] 4 [5] 2 [3] 2 [3]
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ANNEXES
(Mandatory Information)

Al. STEEL BAR PRODUCTS

Al.1 Scope nor for other bar-size sections, other than flats, less tharf 1 in.

AL.1.1 This supplement delineates only those details whicti645 mnf) in cross-sectional area.
are peculiar to hot-rolled and cold-finished steel bars and are A1.3.2 Alloy Steel Bars-Alloy steel bars are usually not

not covered in the general section of these test methods.  tested in the as-rolled condition. B _
Al1.3.3 When tension tests are specified, the practice for

Al.2 Orientation of Test Specimens selecting test specimens for hot-rolled and cold-finished steel

Al1.2.1 Carbon and alloy steel bars and bar-size shapes, dars of various sizes shall be in accordance with Table Al1.1,
to their relatively small cross-sectional dimensions, are cusunless otherwise specified in the product specification.
tomarily tested in the longitudinal direction. In special cases
where size permits and the fabrication or service of a parf'l-4 Bend Test -
justifies testing in a transverse direction, the selection and Al.4.1 When bend tests are specified, the recommended
location of test or tests are a matter of agreement between ttigactice for hot-rolled and cold-finished steel bars shall be in
manufacturer and the purchaser. accordance with Table A1.2.

Al1.3 Tension Test Al1.5 Hardness Test

A1.3.1 Carbon Steel Bars-Carbon steel bars are not com- Al1.5.1 Hardness Tests on Bar Produetdlats, rounds,
monly specified to tensile requirements in the as-rolled condisquares, hexagons and octagons—is conducted on the surface
tion for sizes of rounds, squares, hexagons, and octagons undster a minimum removal of 0.015 in. to provide for accurate
¥2 in. (13 mm) in diameter or distance between parallel facehiardness penetration.
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TABLE Al.1 Practices for Selecting Tension Test Specimens for Steel Bar Products

Note 1—For bar sections where it is difficult to determine the cross-sectional area by simple measurement, the area in square inches may be calculate
by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of birsteel) or by dividing the weight per linear foot of specimen
by 3.4 (weight of steel 1 in. square and 1 ft long).

Thickness, in. (mm)

Width, in. (mm)

Hot-Rolled Bars

Cold-Finished Bars

Flats

Under ¥ (16)

% to 1¥2 (16 to 38),
excl

1%2 (38) and over

Up to 1%2 (38), incl

Over 1%2 (38)

Up to 1% (38), incl

Over 1%2 (38)

Full section by 8-in. (203-mm) gage
length (Fig. 4).

Full section, or mill to 1%z in. (38 mm)
wide by 8-in. (203-mm) gage length (Fig.
4).

Full section by 8-in. gage length or ma-
chine standard ¥z by 2-in. (13 by 51-mm)
gage length specimen from center of sec-
tion (Fig. 5).

Full section, or mill 1%2 in. (38 mm) width
by 8-in. (203-mm) gage length (Fig. 4) or
machine standard ¥z by 2-in. gage (13 by
51-mm) gage length specimen from mid-
way between edge and center of section
(Fig. 5).

Full section by 8-in. (203-mm) gage
length, or machine standard %2 by 2-in.
(13 by 51-mm) gage length specimen
from midway between surface and center
(Fig. 5).

Mill reduced section to 2-in. (51-mm) gage
length and approximately 25% less than
test specimen width.

Mill reduced section to 2-in. gage length
and 1%z in. wide.

Mill reduced section to 2-in. (51-mm) gage
length and approximately 25% less than
test specimen width or machine standard
Y2 by 2-in. (13 by 51-mm) gage length
specimen from center of section (Fig. 5).
Mill reduced section to 2-in. gage length
and 1%z in. wide or machine standard ¥2
by 2-in. gage length specimen from mid-
way between edge and center of section
(Fig. 5).

Machine standard %2 by 2-in. (13 by 51-
mm) gage length specimen from midway
between surface and center (Fig. 5).

Rounds, Squares, Hexagons, and Octagons

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

Hot-Rolled Bars

Cold-Finished Bars

Under 9

% to 1¥2 (16 to 38), excl

1% (38) and over

Full section by 8-in. (203-mm) gage length on ma-

chine to subsize specimen (Fig. 5).

Full section by 8-in. (203-mm) gage length or ma-
chine standard ¥z in. by 2-in. (13 by 51-mm) gage

length specimen from center of section (Fig. 5).

Full section by 8-in. (203-mm) gage length or ma-
chine standard ¥z in. by 2-in. (13 by 51-mm) gage
length specimen from midway between surface and

center of section (Fig. 5).

Machine to sub-size specimen (Fig. 5).

Machine standard ¥z in. by 2-in. gage length specimen from
center of section (Fig. 5).

Machine standard ¥z in. by 2-in. (13 by 51-mm gage length
specimen from midway between surface and center of sec-
tion (Fig. 5)).

Other Bar-Size Sections

All sizes

Full section by 8-in. (203-mm) gage length or pre-
pare test specimen 1%z in. (38 mm) wide (if possible)

by 8-in. (203-mm) gage length.

Mill reduced section to 2-in. (51-mm) gage length and ap-
proximately 25% less than test specimen width.
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TABLE A1.2 Recommended Practice for Selecting Bend Test Specimens 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 excééeling (1.6 mm).

Flats

Thickness, in. Width, in. Recommended Size

(mm) (mm)

Up to ¥z (13), incl Up to ¥ (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) All Full section or machine to 1 by ¥z in. (25

by 13 mm) specimen from midway be-
tween center and surface.

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance

Between Parallel Recommended Size
Faces, in. (mm)

Up to 1%2 (38), incl Full section.
Over 1%2 (38) Machine to 1 by %2-in. (25 by 13-mm) specimen
from midway between center and surface.

A2. STEEL TUBULAR PRODUCTS

A2.1 Scope extend into that part of the specimen on which the elongation
A2.1.1 This supplement covers test specimens and tedt measured (Fig. A2.1). Care should be exercised to see that

methods that are applicable to tubular products and are nétsofar as practicable, the load in such cases is applied axially.

covered in the general section of Test Methods and Definitionghe length of the full-section specimen depends on the gage

A 370. length prescribed for measuring the elongation.

A2.1.2 Tubular shapes covered by this specification include, A2.2.1.2 Unless otherwise required by the product specifi-
round, square, rectangular, and special shapes. cation, the gage length is 2 in. or 50 mm, except that for tubing
A2.2 Tension Test having an outside diameter 8t in. (9.5 mm) or less, it is

. o , customary for a gage length equal to four times the outside
A2.2.1 Full-Size Longitudinal Test Specimens

) L . diameter to be used when elongation comparable to that
A2.2.1.1 As an alternative to the use of longitudinal strip

; O ) ” obtainable with larger test specimens is required.
test specimens or longitudinal round test specimens, tensio

n _ .

test specimens of full-size tubular sections are used, provided ~2-2-1.3 To determine the cross-sectional area of the full-
that the testing equipment has sufficient capacity. Snug-fitting€ction specimen, measurements shall be recorded as the
metal plugs should be inserted far enough in the end of suchYerage or mean between the greatest and least measurements
tubular specimens to permit the testing machine jaws to gri[S’f the outside d|amet.er and the average or mean wall t_hlckness,
the Specimens proper|y W|thout Crushing_ A design that may bg) the nearest 0.001 in. (0025 mm) and the CrOSS-Sectlona| area
used for such plugs is shown in Fig. A2.1. The plugs shall nots determined by the following equation:

T
N A
NNLIE S
1) £
° g: 42-6:_‘__‘
ol £ S0 R
< (i X a
3 Sh——t Testing machine jaws —A—L

Lt
should not extend :
F\ beyond this hmn—/_ —-I [‘

FIG. A2.1 Metal Plugs for Testing Tubular Specimens, Proper Location of Plugs in Specimen and of Specimen in Heads of Testing
Machine
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A =3.1416(D —t) (A2.1)  specimens may be taken from rings cut from ends of tubes or
pipe as shown in Fig. A2.4. Flattening of the specimen may be

vAvheria: sectional area. if done either after separating it from the tube as in Fig. A@)4 (
D _ outside diameter. in.. and or before separating it as in Fig. A2.4)(and may be done hot

or cold; but if the flattening is done cold, the specimen may
subsequently be normalized. Specimens from tubes or pipe for
Note A2.1—There exist_other methods of (_:ross-sectiqnal area detefgyhich heat treatment is specified, after being flattened either
mination, such as by weighing of the specimens, which are equalifyot o cold, shall be given the same treatment as the tubes or
accurate or appropriate for the purpose. pipe. For tubes or pipe having a wall thickness of less #tan
A2.2.2 Longitudinal Strip Test Specimens in. (19 mm), the transverse test specimen shall be of the form
A2.2.2.1 As an alternative to the use of full-size longitudi- and dimensions shown in Fig. A2.5 and either or both surfaces
nal test specimens or longitudinal round test specimensnay be machined to secure uniform thickness. Specimens for
longitudinal strip test specimens, obtained from strips cut fromyransverse tension tests on welded steel tubes or pipe to
the tubular product as shown in Fig. A2.2 and machined to thgletermine strength of welds, shall be located perpendicular to

dimensions shown in Fig. A2.3 are used. For welded structurghe welded seams with the weld at about the middle of their
tubing, such test specimens shall be from a location at least 9Qgngth.

from the weld; for other welded tubular products, such test A2.2.3.2 The width should be measured at each end of the
specimens shall be from a location approximately 90° from thegage length to determine parallelism and also at the center. The

weld. Unless otherwise required by the product SpeCiﬁc""tiOnthickness should be measured at the center and used with the

the gage length is 2 in. or 50 mm. The test specimens shall bc‘?enter measurement of the width to determine the cross-

tested using grips that are flat or have a surface COntOL’érectional area. The center width dimension should be recorded
corresponding to the curvature of the tubular product, or th(?0 the nearest 0.005 in. (0.127 mm), and the thickness
ends of the test specimens shall be flattened without heati easurement to tHe nearést 0 001 in (O’ 025 mm)

prior to the test specimens being tested using flat grips. The tes )

specimen shown as specimen no. 4 in Fig. 3 shall be used, A2-2-4 Round Test Specimens

unless the capacity of the testing equipment or the dimensions A2.2.4.1 When provided for in the product specification, the

and nature of the tubular product to be tested makes the use &fund test specimen shown in Fig. 4 may be used.

specimen nos. 1, 2, or 3 necessary. A2.2.4.2 The diameter of the round test specimen is mea-
Note A2.2—An exact formula for calculating the cross-sectional areasured at the center of the specimen to the nearest 0.001 in.

of specimens of the type shown in Fig. A2.3 taken from a circular tube is(0'025 mm).
given in Test Methods E 8 or E 8M. A2.2.4.3 Small-size specimens proportional to standard, as

A2.2.2.2 The width should be measured at each end of thehown in Fig. 4, may be used when it is necessary to test
gage length to determine parallelism and also at the center. THBaterial from which the standard specimen cannot be prepared.
thickness should be measured at the center and used with th¥her sizes of small-size specimens may be used. In any such
center measurement of the width to determine the crossgimall-size specimen, it is important that the gage length for
sectional area. The center width dimension should be recordégeasurement of elongation be four times the diameter of the
to the nearest 0.005 in. (0.127 mm), and the thicknes§Pecimen (see Note 4, Fig. 4). The elongation requirements for
measurement to the nearest 0.001 in. the round specimen 2-in. gage length in the product specifica-

A2.2.3 Transverse Strip Test Specimens tion shall apply to the small-size specimens.

A2.2.3.1 In general, transverse tension tests are not recom-A2.2.4.4 For transverse specimens, the section from which
mended for tubular products, in sizes smaller than 8 in. irthe specimen is taken shall not be flattened or otherwise
nominal diameter. When required, transverse tension testeformed.

t thickness of tube wall, in.

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
Fgeduced
ection 3in. Min
ORI s [ S
» —Rad |in. Min
c
Gage
Length
DIMENSIONS
Dimensions, in.
Specimen No.
A B c D

1 ¥ + 0.015 116 approximately 2 = 0.005 2%4 min
2 ¥ = 0.031 1 approximately 2 = 0.005 2% min

4 + 0.005 4Y> min
3 1+ 0.062 1% approximately 2 = 0.005 2% min

4 + 0.005 4Y> min
4 1Y2 + Yg 2 approximately 2 = 0.010 2% min

4 + 0.015 4Y> min

8 + 0.020 9 min

Note 1—Cross-sectional area may be calculated by multiplyirendt.

Note 2—The dimensiort is the thickness of the test specimen as provided for in the applicable material specifications.

Note 3—The reduced section shall be parallel within 0.010 in. and may have a gradual taper in width from the ends toward the center, with the ends
not more than 0.010 in. wider than the center.

Note 4—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in.

Note 5—Metric equivalent: 1 in. = 25.4 mm.

Note 6—Specimens with sides parallel throughout their length are permitted, except for referee testing, prayithedalfove tolerances are used;
(b) an adequate number of marks are provided for determination of elongatiorg)amuen yield strength is determined, a suitable extensometer is used.
If the fracture occurs at a distance of less th&nfidm the edge of the gripping device, the tensile properties determined may not be representative of
the material. If the properties meet the minimum requirements specified, no further testing is required, but if they are less than the minimuentgquirem
discard the test and retest.

FIG. A2.3 Dimensions and Tolerances for Longitudinal Strip Tension Test Specimens for Tubular Products

l—ﬂ

B

A

FIG. A2.4 Location of Transverse Tension Test Specimens in
Ring Cut from Tubular Products.

. . . . Reduced

A2.2.4.5 Longitudinal test specimens are obtained from Section o
strips cut from the tubular product as shown in Fig. A2.2. Approx 2" M’I T‘ﬂﬁ
A2.3 Determination of Transverse Yield Strength, 7}**

Hydraulic Ring-Expansion Method | e m et

A2.3.1 Hardness tests are made on the outside surface, 2 00010.005"
inside surface, or wall cross-section depending upon product- Gage Length
SpECIflqatlon limitation. Surface preparation may be necessary Note 1—The dimensiort is the thickness of the test specimen as
to obtain accurate hardness values. provided for in the applicable material specifications.

A2.3.2 A testing machine and method for determining the Nore 2—The reduced section shall be parallel within 0.010 in. and may
transverse yield strength from an annular ring specimen, haveve a gradual taper in width from the ends toward the center, with the
been developed and described in A2.3.3-8.1.2. ends not more than 0.010 in. wider than the center.

A2.3.3 A diagrammatic vertical cross-sectional sketch of Note 3—The ends of the specimen shall be symmetrical with the center
the testing machine is shown in Fig. A2.6. “"E of tze r&(jefrcigdesﬁsggn‘;‘_”t{“; 0'1205'2'mm

.. . . OTE 4— . .= . .

A2'_3'4 In deterr_mnmg the transvgrse yleld st_rength on thi IG. A2.5 Transverngension Test Specimen Machined from Ring
machine, a short ring (commonly 3 in. (76 mm) in length) test Cut from Tubular Products
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 resistaijht against the specimen. A slight clearance is left between
rubber gasket. The nut is then replaced, but is not turned dowthe nut and specimen for the purpose of permitting free radial
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Nut

Rubber .l"

Test
Gasket - r

Specimen

»
AN

BEERRNNN

Hydraulic Pressure Line

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

movement of the specimen as it is being tested. Oil unde
pressure is then admitted to the interior of the rubber gaske
through the pressure line under the control of a suitable valve
An accurately calibrated pressure gage serves to measure ¢
pressure. Any air in the system is removed through the bleede
line. As the oil pressure is increased, the rubber gasket expant
which in turn stresses the specimen circumferentially. As the
pressure builds up, the lips of the rubber gasket act as a seal
prevent oil leakage. With continued increase in pressure, th
ring specimen is subjected to a tension stress and elongat
accordingly. The entire outside circumference of the ring
specimen is considered as the gage length and the strain
measured with a suitable extensometer which will be describe
later. When the desired total strain or extension under load i:
reached on the extensometer, the oil pressure in pounds p
square inch is read and by employing Barlow’s formula, the FIG. A2.7 Roller Chain Type Extensometer, Unclamped

unit yield strength is calculated. The yield strength, thus

determined, is a true result since the test specimen has not been

cold worked by flattening and closely approximates the samé&2.4 Hardness Tests

condition as the tubular section from which it is cut. Further, A2 4.1 Hardness tests are made either on the outside or the
the test closely simulates service conditions in pipe lines. Ongyside surfaces on the end of the tube as appropriate.

testing machine unit may be used for several different sizes of A2 4.2 The standard 3000-kgf Brinell load may cause too
pipe by the use of suitable rubber gaskets and adapters.  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

Note A2.3—Barlow’s formula may be stated two ways:

(1) P=2S1D (A2.2)  not be applicable to tubular products less than 2 in. (51 mm) in
(2) S= PD/2t (A2.3)  outside diameter, or less than 0.200 in. (5.1 mm) in wall
thickness.
where: ) ) A2.4.3 The Rockwell hardness tests are normally made on
P = internal hydrostatic pressure, psi, the inside surface, a flat on the outside surface, or on the wall
S = unit circumferential stress in the wall of the tube ross-section depending upon the product limitation. Rockwell
produced by the internal hydrostatic pressure, psi,  pardness tests are not performed on tubes smallersthan.
t = thickness of the tube wall, in., and (7.9 mm) in outside diameter, nor are they performed on the
D = outside diameter of the tube, in.

_ ) inside surface of tubes with less th&min. (6.4 mm) inside
A2.3.5 A roller chain type extensometer which has beerjiameter. Rockwell hardness tests are not performed on an-
found satisfactory for measuring the elongation of the ringnealed tubes with walls less than 0.065 in. (1.65 mm) thick or
specimen is shown in Fig. A2.7 and Fig. A2.8. Fig. A2.7 showscold worked or heat treated tubes with walls less than 0.049 in.
the extensometer in position, but unclamped, on a ring spec{1.24 mm) thick. For tubes with wall thicknesses less than
men. A small pin, through which the strain is transmitted to andhose permitting the regular Rockwell hardness test, the Su-
measured by the dial gage, extends through the hollovperficial Rockwell test is sometimes substituted. Transverse
threaded stud. When the extensometer is clamped, as shownRockwell hardness readings can be made on tubes with a wall
Fig. A2.8, the desired tension which is necessary to hold theénhickness of 0.187 in. (4.75 mm) or greater. The curvature and
instrument in place and to remove any slack, is exerted on thghe wall thickness of the specimen impose limitations on the
roller chain by the spring. Tension on the spring may beRockwell hardness test. When a comparison is made between
regulated as desired by the knurled thumb screw. By removinockwell determinations made on the outside surface and
or adding rollers, the roller chain may be adapted for differendeterminations made on the inside surface, adjustment of the
sizes of tubular sections. readings will be required to compensate for the effect of
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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 TestThe 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
specimen is a ring cut from the tube, usually abdutig. (63.5
mm) long. It is placed on end and crushed endwise by hammer
or press to the distance prescribed by the applicable material
specifications.

A2.5.1.4 Flange Test-The flange test is intended to deter-
mine the ductility of boiler tubes and their ability to withstand
FIG. A2.8 Roller Chain Type Extensometer, Clamped the operation of bending into a tube sheet. The test is made on
aring 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

curvature. The Rockwell B scale is used on all materials havm%ody of the tube to the width required by the applicable

an expected hardness range of BO to B100. The Rockwell material specifications. The flaring tool and die block shown in
scale is used on material having an expected hardness rangel__o%l P ' 9 . . .
1g. A2.11 are recommended for use in making this test.

C20 to C68.
A2.4.4 Superficial Rockwell hardness tests are normally A2:5.1.5 Flaring Test—For certain types of pressure tubes,
performed on the outside surface whenever possible an@" glternate to the flange test is made. This test consists of
whenever excessive spring back is not encountered. Otherwis@/ving a tapered mandrel having a slope of 1 in 10 as shown

the tests may be performed on the inside. Superficial Rockwell Fig. A2.12 @) or a 60° included angle as shown in Fig.
hardness tests shall not be performed on tubes with an insid2.12 () into a section cut from the tube, approximately 4 in.
diameter of less thaia in. (6.4 mm). The wall thickness (100 mm)in length, and thus expanding the specimen until the
limitations for the Superficial Rockwell hardness test are giverinside diameter has been increased to the extent required by the
in Table A2.1 and Table A2.2. applicable material specifications.

A2.4.5 When the outside diameter, inside diameter, or wall A2.5.1.6 Bend Test-For pipe used for coiling in sizes 2 in.
thickness precludes the obtaining of accurate hardness valuemd under a bend test is made to determine its ductility and the
tubular products shall be specified to tensile properties and ssoundness of weld. In this test a sufficient length of full-size

tested. pipe is bent cold through 90° around a cylindrical mandrel

having a diameter 12 times the nominal diameter of the pipe.

A2.5 Manipulating Tests For close coiling, the pipe is bent cold through 180° around a

A2.5.1 The following tests are made to prove ductility of mandrel having a diameter 8 times the nominal diameter of the
certain tubular products: pipe.

TABLE A2.1 Wall Thickness Limitations of Superficial Hardness Test on Annealed or Ductile Materials
for Steel Tubular Products #
(“T” Scale (Y1e-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

A 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)
Over 0.025 (0.51)
0.015 and over (0.38)

45
30
15

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

v

FIG. A2.9 Reverse Flattening Test

A2.5.1.7 Transverse Guided Bend Test of Weldghis bend
test is used to determine the ductility of fusion welds. The
specimens used are approximatebp In. (38 mm) wide, at .
least 6 in. (152 mm) in length with the weld at the center, and FIG. A2.10 Crush Test Specimen
are machined in accordance with Fig. A2.13 for face and root
bend tests and in accordance with Fig. A2.14 for side bendequires bending with the outside surface of the pipe against
tests. The dimensions of the plunger shall be as shown in Fighe plunger; and a side bend test requires bending so that one
A2.15 and the other dimensions of the bending jig shall beof the side surfaces becomes the convex surface of the bend
substantially as given in this same figure. A test shall consist o§pecimen.

a face bend specimen and a root bend specimen or two side(a) Failure of the bend test depends upon the appearance of
bend specimens. A face bend test requires bending with theracks in the area of the bend, of the nature and extent
inside surface of the pipe against the plunger; a root bend tesliescribed in the product specifications.

— o . — ——— o —— ——

1
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A=Quts. Diam. of Tube Jess §°
Be=0uts. Diam. of Tube less
C=0ufs. Diam. of Tube plus &’

Flering Tool

4IL-— Siope linl0

Position
aﬁer 1/:

1]

730/

me/ 4" 'A‘
A<0uts. Diam. of Tube plus é.

Position

32 mé ‘.: after Using
" )

f/l//e/'

Die Block

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A2.11 Flaring Tool and Die Block for Flange Test

lncivded

Angle

FIG. A2.12 Tapered Mandrels for Flaring Test

6" min Raod Vg max

b1t/

Faoce Bend Spacimen

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

6"min Rod '/B'mox
&
—
]
r
i"j\
T
______________ ) duintubistviut e

Root Bend Specimen

Pipe Wall Thickness (i), in.

Test Specimen Thickness, in.

Up to ¥, incl
Over ¥

t
¥s

FIG. A2.13 Transverse Face- and Root-Bend Test Specimens
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rnr FLAME CUT, NOT LESS THAN é'
| SHALL BE MACHINED FROM EDGES ;

) 5" MIN -l Ry= L yax
1 8
P T ﬁg'
________________ J‘f_f o=

————— —rTT—————— — LING | TOIN
.
T
|

T? A I
[}

>1Y2 |SEE NOTE

When t exceeds lk use one of the following:
1. Cut along line indicated by arrow. Edge
may be flame cut ané may or may not be

machined.

2. Specimens may be cut into approximately
egual strips between 3/4 in. and 1% in.
wide for testimg or the specimens may be
bent at full width (see reguirements on
jig width in Fig. 32)

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A2.14 Side-Bend Specimen for Ferrous Materials

Tapped hole to suit Hardened rollers, 115" diam may be
testing machine ~. substituted for jig shoulders N
r< As required >1 ) 5 |le——— Asrequired ——1 \\
i e
s T +
] 1 g ; : R : ]___l
v v /
Piunger member\ o
e Shouiders hardened St ~|o 72 11" //
and greased \| !
I[ C\o
s
, S Y /
j// VN Lo J )
. yd
] [ 1
W__zr:_’l T / c
e
Yoke~” 7
3% I gn |
Note 1—Metric equivalent: 1 in. = 25.4 mm.
Test Specimen Thickness, in. A B C D
¥s 1% Ya 2Ys 1%6
t 4t 2t 6+ Vs 3t+ Y16
Material
EZ) 2Y> 1Ya 3% 116 Materials with a specified minimum tensile strength of 95 ksi or
t 6% t 3t 8% t+ Y8 4% t+ Y16 greater.
FIG. A2.15 Guided-Bend Test Jig
A3. STEEL FASTENERS
A3.1 Scope dard tests required by the individual product specifications are

A3.1.1 This supplement covers definitions and methods ofo be performed as outlined in the general section of these
testing peculiar to steel fasteners which are not covered in th&ethods.
general section of Test Methods and Definitions A 370. Stan-
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A3.1.2 These tests are set up to facilitate production controThe head or body of the bolt shall be marked so that it can be
testing and acceptance testing with certain more precise testsptaced in the same position for all measurements. The bolt shall
be used for arbitration in case of disagreement over test resultie assembled in the testing equipment as outlined in A3.2.1.4,

_ and the proof load specified in the product specification shall
A3.2 Tension Tests be applied. Upon release of this load the length of the bolt shall

A3.2.1 It is preferred that bolts be tested full size, and it isbe again measured and shall show no permanent elongation. A
customary, when so testing bolts to specify a minimumtolerance of =0.0005 in. (0.0127 mm) shall be allowed
ultimate load in pounds, rather than a minimum ultimatebetween the measurement made before loading and that made
strength in pounds per square inch. Three times the bohfter loading. Variables, such as straightness and thread align-
nominal diameter has been established as the minimum bafbent (plus measurement error), may result in apparent elon-
length subject to the tests described in the remainder of thigation of the fasteners when the proof load is initially applied.
section. Sections A3.2.1.1-A3.2.1.3 apply when testing bolt$n such cases, the fastener may be retestedyusi® percent
full size. Section A3.2.1.4 shall apply where the individual greater load, and may be considered satisfactory if the length
product specifications permit the use of machined specimensifter this loading is the same as before this loading (within the

A3.2.1.1 Proof Load— Due to particular uses of certain 0.0005-in. tolerance for measurement error).
classes of bolts it is desirable to be able to stress them, while A3.2.1.3 Proof Load-Time of Loading-The proof load is to
in use, to a specified value without obtaining any permanenibe maintained for a period of 10 s before release of load, when
set. To be certain of obtaining this quality the proof load isusing Method 1.
specified. The proof load test consists of stressing the bolt with (a) Method 2, Yield StrengthThe bolt shall be assembled
a specified load which the bolt must withstand without permain the testing equipment as outlined in A3.2.1.4. As the load is
nent set. An alternate test which determines yield strength of applied, the total elongation of the bolt or any part of the bolt
full size bolt is also allowed. Either of the following Methods, which includes the exposed six threads shall be measured and
1 or 2, may be used but Method 1 shall be the arbitratiorrecorded to produce a load-strain or a stress-strain diagram.
method in case of any dispute as to acceptance of the boltsThe load or stress at an offset equal to 0.2 percent of the length

A3.2.1.2 Proof Load Testing Long BoksWhen full size  of bolt occupied by 6 full threads shall be determined by the
tests are required, proof load Method 1 is to be limited inmethod described in 13.2.1 of these methods, A 370. This load
application to bolts whose length does not exceed 8 in. (208r stress shall not be less than that prescribed in the product
mm) or 8 times the nominal diameter, whichever is greater. Fospecification.
bolts longer than 8 in. or 8 times the nominal diameter, A3.2.1.4 Axial Tension Testing of Full Size Bek®Bolts are
whichever is greater, proof load Method 2 shall be used.  to be tested in a holder with the load axially applied between

(a) Method 1, Length Measurementhe overall length of the head and a nut or suitable fixture (Fig. A3.1), either of
a straight bolt shall be measured at its true center line with awhich shall have sufficient thread engagement to develop the
instrument capable of measuring changes in length of 0.000full strength of the bolt. The nut or fixture shall be assembled
in. (0.0025 mm) with an accuracy of 0.0001 in. in any 0.001-in.on the bolt leaving six complete bolt threads unengaged
(0.025-mm) range. The preferred method of measuring theetween the grips, except for heavy hexagon structural bolts
length shall be between conical centers machined on the centahich shall have four complete threads unengaged between the
line of the bolt, with mating centers on the measuring anvilsgrips. To meet the requirements of this test there shall be a

FIG. A3.1 Tension Testing Full-Size Bolt
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tensile failure in the body or threaded section with no failure afFig. A3.2). The wedge shall have an included angle of 10°
the junction of the body, and head. If it is necessary to recordetween its faces and shall have a thickness of one-half of the
or report the tensile strength of bolts as psi values the stressominal bolt diameter at the short side of the hole. The hole in
area shall be calculated from the mean of the mean root anghe wedge shall have the following clearance over the nominal

pitch diameters of Class 3 external threads as follows: size of the bolt, and its edges, top and bottom, shall be rounded
A = 0.7854 D — (0.9743h)]2 (A3.1) to the following radius:
Clearance Radius on
where: Nominal Bolt in Hole, Corners of
As = stress area iﬁ. Size, in. in. (mm) Hole, in. (mm)
D = nominal diameter, in., qnd Yato ¥e 0.030 (0.76) 0.030 (0.76)
n = number of threads per inch. %16 10 Ya 0.050 (1.3) 0.060 (1.5)
A3.2.1.5 Tension Testing of Full-Size Bolts with a Wedge %101 0.063 (1.5) 0.060 (1.5)

The purpose of this test is to obtain the tensile strength andgz :2 12 8;832 gi; 8;1;2 82

demonstrate the “head quality” and ductility of a bolt with a )

standard head by subjecting it to eccentric loading. The A3.2.1.6 Wedge Testing of HT Bolts Threaded to Hedftbr
ultimate load on the bolt shall be determined as described iR€at-treated bolts over 100 000 psi (690 MPa) minimum tensile
A3.2.1.4, except that a 10° wedge shall be placed under th@frength and that are threaded 1 diameter and closer to the
same bolt previously tested for the proof load (see A3.2.1.1)Underside of the head, the wedge angle shall be 6° for izes
The bolt head shall be so placed that no corner of the hexagdhrough#z in. (6.35 to 19.0 mm) and 4° for sizes ov&rin.

or square takes a bearing load, that is, a flat of the head shall A3.2.1.7 Tension Testing of Bolts Machined to Round Test
be aligned with the direction of uniform thickness of the wedgeSpecimens

g
\
.

-

Sd———l

d+c

¢ = Clearance of wedge hole
d = Diameter of bolt
R = Radius
T = Thickness of wedge at short side of hole equal to one-half diameter of bolt
FIG. A3.2 Wedge Test Detalil
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(a) (a) Bolts under ¥ in. (38 mm) in diameter which purposes of arbitration, hardness may be taken on two trans-
require machined tests shall preferably use a stan#dand.,  verse sections through a representative sample fastener se-
(23-mm) round 2-in. (50-mm) gage length test specimen (Figlected at random. Hardness readings shall be taken at the
4); however, bolts of small cross-section that will not permitlocations shown in Fig. A3.6. All hardness values must
the taking of this standard test specimen shall use one of theonform with the hardness limit of the product specification in
small-size-specimens-proportional-to-standard (Fig. 4) and therder for the fasteners represented by the sample to be
specimen shall have a reduced section as large as possible.donsidered in compliance. This provision for arbitration of a
all cases, the longitudinal axis of the specimen shall bealispute shall not be used to accept clearly rejectable fasteners.
concentric with the axis of the bolt; the head and threaded
section of the bolt may be left intact, as in Fig. A3.3 and Fig.A3.4 Testing of Nuts
A3.4, or shaped to fit the holders or grips of the testing machine
so that the load is applied axially. The gage length fo(rl:g

measuring the elongation shall be four times the diameter articular specification. A load axial with the mandrel or bolt

the g)';e(g)mgg bolts ¥ in. and over in diameter. a standard and equal to the specified proof load of the nut shall be applied.

A3.4.1 Proof Load— A sample nut shall be assembled on a
ardened threaded mandrel or on a bolt conforming to the

. . ) he nut shall resist this load without stripping or rupture. If the
¥2-in. round 2-in. gage length test specimen shall be turne bpIng P

¢ he bolt. having i i< mid b h reads of the mandrel are damaged during the test the
rom the bolt, having its axis midway between the center angy, iiqual test shall be discarded. The mandrel shall be

outside surface of the body of the bolt as shown in Fig. A3"5threaded to American National Standard Class 3 tolerance,

) (.C) Machined s_pecimens_are to be tested in tensio_n_ t(éxcept that the major diameter shall be the minimum major
determine the properties prescribed by the product Spec'f'cqﬁameter with a tolerance of + 0.002 in. (0.051 mm)

tions. The methods of testing and determination of properties A3.4.2 Hardness Test Rockwell hardness of nuts shall be

shall be in accordance with Section 13 of these test methOd%{etermined on the top or bottom face of the nut. Brinel

A3.3 Hardness Tests for Externally Threaded Fasteners hardness shall be determined on the side of the nuts. Either

A3.3.1 When specified, externally threaded fasteners shafpethOd may be u.sed at the option of the manuiacturer, taking
be hardness tested. Fasteners with hexagonal or square he g account_the size and grade of the ngts under f[est. When the
shall be Brinell or Rockwell hardness tested on the side or to _andard Brinell hardness test results in defo.rmmg the nut it
of the head. Externally threaded fasteners with other type o ill be necessary to use a minor load or substitute a Rockwell
heads and those without heads shall be Brinell or Rockwelfl1ardneSS test.
hardness tested on one end. Due to possible distortion from the .
Brinell load, care should be taken that this test meets th&3-> Bars Heat Treated or Cold Drawn for Use in the
requirements of Section 16 of these test methods. Where the Manufacture of Studs, Nuts or Other Bolting
Brinell hardness test is impractical, the Rockwell hardness test ~ Material
shall be substituted. Rockwell hardness test procedures shallA3.5.1 When the bars, as received by the manufacturer,
conform to Section 18 of these test methods. have been processed and proved to meet certain specified

A3.3.2 In cases where a dispute exists between buyer angroperties, it is not necessary to test the finished product when
seller as to whether externally threaded fasteners meet dhese properties have not been changed by the process of
exceed the hardness limit of the product specification, fomanufacture employed for the finished product.

Minimum Radius Recommended
=in,but not (ess thon %-m.

Permitted
\ p—— 2§ —

Paroile! Section

) .
222000 ¢

E

I

2°10.005" Gage Length for
Eiongation after Frocture

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

T mi
14 min

0.357"+0.005" N
1.400"£0.005"—re——— s 8

Gage Length

Reduced Section

Rod f;"min

oos"/
005"

0.252"+0!
1.000"$0

Gage Length

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A3.4 Examples of Small Size Specimens Proportional to
Standard 2-in. Gage Length Specimen

FIG. A3.5 Location of Standard Round 2-in. Gage Length Tension
Test Specimen When Turned from Large Size Bolt

A -— —w» B 1/2 radius
1/2 radius
D nom —tedi

i
D rem ; D nom
e Section B-B Section A-A

A -— L » B

X=Location of Hardness Impressions
FIG. A3.6 Hardness Test Locations for Bolts in a Dispute
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A4. ROUND WIRE PRODUCTS

A4.1 Scope twice the length of wire required for the full use of the grip

A4.1.1 This supplement covers the apparatus, specimer@nployed. For example, depending upon the type of testing
and methods of testing peculiar to steel wire products whicinachine and grips used, the minimum total length of specimen

are not covered in the general section of Test Methods A 37gnay vary from 14 to 24 in. (360 to 610 mm) for a 10-in. gage
length specimen.

A4.2 Apparatus A4.3.2 Any specimen breaking in the grips shall be dis-

A4.2.1 Gripping Devices-Grips of either the wedge or Ccarded and a new specimen tested.
snhubbing types as shown in Fig. A4.1 and Fig. A4.2 shall be _
used (Note A4.1). When using grips of either type, care shall b&4-4 Elongation
taken that the axis of the test specimen is located approxi- A4.4.1 In determining permanent elongation, the ends of the
mately at the center line of the head of the testing machin&actured specimen shall be carefully fitted together and the
(Note A4.2). When using wedge grips the liners used behindlistance between the gage marks measured to the nearest 0.01
the grips shall be of the proper thickness. in. (0.25 mm) with dividers and scale or other suitable device.

_ _ _ ) __The elongation is the increase in length of the gage length,
ThNOTE A4.1—Testing machines usually are equipped with wedge grips g, assed as a percentage of the original gage length. In
ese wedge grips, irrespective of the type of testing machine, may bé . . .
referred to as the “usual type” of wedge grips. The use of fine (180 or 24OEeCOrd_m_g elongation values, both t_he percentage increase and
grit abrasive cloth in the “usual’ wedge type grips, with the abrasivethe original gage length shall be given.
contacting the wire specimen, can be helpful in reducing specimen A4.4.2 In determining total elongation (elastic plus plastic
slipping and breakage at the grip edges at tensile loads up to about 10@ktension) autographic or extensometer methods may be em-
pounds. For tests of specimens of wire which are liable to be cut at thg|oyed.
edges by the “usual type” of wedge grips, the snubbing type gripping a4 4.3 If fracture takes place outside of the middle third of

device has proved satisfactory. . .
For testing round wire, the use of cylindrical seat in the wedge grippingthe gage length, the elongation value obtained may not be

device is optional. representative of the material.
Note A4.2—Any defect in a testing machine which may cause non- )
axial application of load should be corrected. A4.5 Reduction of Area

A4.2.2 Pointed MicrometerA micrometer with a pointed A4.5.1 The ends of the fractured specimen shall be carefully
spindle and anvil suitable for reading the dimensions of thditted together and the dimensions of the smallest cross section
wire specimen at the fractured ends to the nearest 0.001 imeasured to the nearest 0.001 in. (0.025 mm) with a pointed
(0.025 mm) after breaking the specimen in the testing machingicrometer. The difference between the area thus found and the

shall be used. area of the original cross section, expressed as a percentage of
_ the original area, is the reduction of area.
A4.3 Test Specimens A4.5.2 The reduction of area test is not recommended in

A4.3.1 Test specimens having the full cross-sectional are#ire diameters less than 0.092 in. (2.34 mm) due to the
of the wire they represent shall be used. The standard gag#fficulties of measuring the reduced cross sections.
length of the specimens shall be 10 in. (254 mm). However, if
the determination of elongation values is not required, any’4-6 Rockwell Hardness Test
convenient gage length is permissible. The total length of the A4.6.1 On heat—treated wire of diameter 0.100 in. (2.54
specimens shall be at least equal to the gage length (10 in.) plmsm) and larger, the specimen shall be flattened on two parallel

SPHERICAL
BEARING

CROSS-HEAD
OF TESTING
MACHINE

4—SERRATED FACES
A ON GRIPS

BSS  aa
EZN 7%

B D AN A
BN

SECTION A-A
FIG. A4.1 Wedge-Type Gripping Device
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FIG. A4.2 Snubbing-Type Gripping Device

sides by grinding before testing. The hardness test is natevelop which can be seen by the unaided eye after the first
recommended for any diameter of hard drawn wire or heateomplete turn. Wire which fails in the first turn shall be
treated wire less than 0.100 in. (2.54 mm) in diameter. Foretested, as such fractures may be caused by bending the wire

round wire, the tensile strength test is greatly preferred over thgy a radius less than specified when the test starts.
hardness test.

A4.7 Wrap Test A4.8 Coiling Test
A4.7.1 This test is used as a means for testing the ductility A4.8.1 This test is used to determine if imperfections are
of certain kinds of wire. present to the extent that they may cause cracking or splitting

A4.7.2 The test consists of coiling the wire in a closely during spring coiling and spring extension. A coil of specified
spaced helix tightly against a mandrel of a specified diametdength is closed wound on an arbor of a specified diameter. The
for a required number of turns. (Unless other specified, thelosed coil is then stretched to a specified permanent increase
required number of turns shall be five.) The wrapping may bén length and examined for uniformity of pitch with no splits or
done by hand or a power device. The wrapping rate may ndtactures. The required arbor diameter, closed coil length, and

exceed 15 turns per min. The mandrel diameter shall bgermanent coil extended length increase may vary with wire
specified in the relevant wire product specification. diameter, properties, and type.

A4.7.3 The wire tested shall be considered to have failed if
the wire fractures or if any longitudinal or transverse cracks

A5. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

A5.1 Notch Behavior materials the Charpy and Izod type tests are accordingly very

A5.1.1 The Charpy and Izod type tests bring out notChuseful. Some metals that display normal ductility in the tension

behavior (brittleness versus ductility) by applying a Singletest may nevertheless break in brittle fashion when tested or

overload of stress. The energy values determined are quannt‘é\’-hen used n the notched. CO!’]dIt!OI’I. .Notched co_ndmons
! : . nclude restraints to deformation in directions perpendicular to
tive comparisons on a selected specimen but cannot b% . S

) . . the major stress, or multiaxial stresses, and stress concentra-
converted into energy values that would serve for engineerin

design calculations. The notch behavior indicated in an indigons' Itis in this field that the Charpy and Izod tests prove

. . . . useful for determining the susceptibility of a steel to notch-
vidual test applies only to the specimen size, notch geometr g b Y

i - . . Yrittle behavior though they cannot be directly used to appraise
and testing conditions involved and cannot be generalized e serviceability of a structure.

other sizes of specimens and conditions. _ A5.1.3 The testing machine itself must be sufficiently rigid
A5.1.2 The notch behavior of the face-centered cubic metpy tests on high-strength low-energy materials will result in
als and alloys, a large group of nonferrous materials and thgxcessive elastic energy losses either upward through the
austenitic steels can be judged from their common tensilgendulum shaft or downward through the base of the machine.
properties. If they are brittle in tension they will be brittle when |f the anvil supports, the pendulum striking edge, or the
notched, while if they are ductile in tension, they will be ductile machine foundation bolts are not securely fastened, tests on
when notched, except for unusually sharp or deep notcheguctile materials in the range of 80 ft:Ibf (108 J) may actually
(much more severe than the standard Charpy or 1zod spedhdicate values in excess of 90 to 100 ft-Ibf (122 to 136 J).
mens). Even low temperatures do not alter this characteristic of
these materials. In contrast, the behavior of the ferritic steel&5.2 Notch Effect
under notch conditions cannot be predicted from their proper- A5.2.1 The notch results in a combination of multiaxial
ties as revealed by the tension test. For the study of thessresses associated with restraints to deformation in directions
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perpendicular to the major stress, and a stress concentration atA5.2.5 Variations in notch dimensions will seriously affect
the base of the notch. A severely notched condition is generallthe results of the tests. Tests on E 4340 steel specithbase

not desirable, and it becomes of real concern in those cases $iown the effect of dimensional variations on Charpy results
which it initiates a sudden and complete failure of the brittle(see Table A5.1).

type. Some metals can be deformed in a ductile manner even )

down to the low temperatures of liquid air, while others may”®-3 Size Effect

crack. This difference in behavior can be best understood by A5.3.1 Increasing either the width or the depth of the
considering the cohesive strength of a material (or the propert§Pecimen tends to increase the volume of metal subject to
that holds it together) and its relation to the yield point. In casedlistortion, and by this factor tends to increase the energy
of brittle fracture, the cohesive strength is exceeded befor8PSOrption when breaking the specimen. However, any in-

significant plastic deformation occurs and the fracture appea/&€@S€ in size, particularly in width, also tends to increase the
degree of restraint and by tending to induce brittle fracture,

crystalline. In cases of the ductile or shear type of failure, q h ¢ of bsorbed. Wh
considerable deformation precedes the final fracture and t ay decrease the amount of energy absorbed. ere a
r§tandard-slze specimen is on the verge of brittle fracture, this is

broken surface appears fibrous instead of crystalline. In inte . ) :
mediate cases the fracture comes after a moderate amountp"’?rt'.CLJIalrIy true, and a double-width specimen may aptually
réequire less energy for rupture than one of standard width.

deformation and is part crystalline and part fibrous in appear- A5.3.2 In studies of such effects where the size of the

ance. material precludes the use of the standard specimen, as for
A5.2.2 When a notched bar is loaded, there is a normaéxample when the material i-in. plate, subsize specimens
stress across the base of the notch which tends to initiatgre necessarily used. Such specimens (see Fig. 6 of Test
fracture. The property that keeps it from cleaving, or holds itMethods E 23) are based on the Type A specimen of Fig. 4 of
together, is the “cohesive strength.” The bar fractures when th@est Methods E 23.
normal stress exceeds the cohesive strength. When this occursA5.3.3 General correlation between the energy values ob-
without the bar deforming it is the condition for brittle fracture. tained with specimens of different size or shape is not feasible,
A5.2.3 In testing, though not in service because of siddut limited correlations may be established for specification
effects, it happens more commonly that plastic deformatioPUrPoses on the ba_S|s of special studies of pamcular materials
precedes fracture. In addition to the normal stress, the applied'd Particular specimens. On the other hand, in a study of the
load also sets up shear stresses which are about 45° to thgative effect of process variations, evaluation by use of some
normal stress. The elastic behavior terminates as soon as tﬁéb'tr"?‘r"y selected specimen with some _chosen notch will in
shear stress exceeds the shear strength of the material aWé’St instances place the methods in their proper order.

deformation or plastic yielding sets in. This is the condition forAs_4 Effects of Testing Conditions

ductile failure. . . .
A5.4.1 The testing conditions also affect the notch behavior.

, o pronounced is the effect of temperature on the behavior of
whether the normal stress exceeds the cohesive strength beft® o) \when notched that comparisons are frequently made by

the shear stress exceeds the shear strength. Several importgRhmining specimen fractures and by plotting energy value and
facts of notch behavior follow from this. If the notch is made fracture appearance versus temperature from tests of notched
sharper or more drastic, the normal stress at the root of thgars at a series of temperatures. When the test temperature has
notch will be increased in relation to the shear stress and thgeen carried low enough to start cleavage fracture, there may
bar will be more prone to brittle fracture (see Table A5.1). Also,pe an extremely sharp drop in impact value or there may be a
as the speed of deformation increases, the shear strengtlatively gradual falling off toward the lower temperatures.
increases and the likelihood of brittle fracture increases. On th&his drop in energy value starts when a specimen begins to
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 *°Fahey, N. H., “Effects of Variables in Charpy Impact TestinlyJaterials
failure. Research & Standardd/l 1, No. 11, November, 1961, p. 872.

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

High-Energy High-Energy Low-Energy
Specimens, ft:Ibf (J) Specimens, ft-Ibf (J) Specimens, ft:Ibf (J)
Specimen with standard dimensions 76.0 = 3.8 (103.0 = 5.2) 445 + 2.2 (60.3 = 3.0) 12.5 = 1.0 (16.9 = 1.4)
Depth of notch, 0.084 in. (2.13 mm)* 72.2 (97.9) 41.3 (56.0) 11.4 (15.5)
Depth of notch, 0.0805 in. (2.04 mm)* 75.1 (101.8) 42.2 (57.2) 12.4 (16.8)
Depth of notch, 0.0775 in. (1.77 mm)* 76.8 (104.1) 45.3 (61.4) 12.7 (17.2)
Depth of notch, 0.074 in. (1.57 mm)* 79.6 (107.9) 46.0 (62.4) 12.8 (17.3)
Radius at base of notch, 0.005 in. (0.127 mm)®& 72.3 (98.0) 41.7 (56.5) 10.8 (14.6)
Radius at base of notch, 0.015 in. (0.381 mm)? 80.0 (108.5) 47.4 (64.3) 15.8 (21.4)

A Standard 0.079 = 0.002 in. (2.00 = 0.05 mm).
B Standard 0.010 =+ 0.001 in. (0.25 + 0.025 mm).
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exhibit some crystalline appearance in the fracture. The tranwill slow down and erroneously high energy values will be
sition temperature at which this embrittling effect takes placeecorded. This problem accounts for many of the inconsisten-
varies considerably with the size of the part or test specimenies in Charpy results reported by various investigators within
and with the notch geometry. the 10 to 25-ft-Ibf (14 to 34 J) range. The Apparatus Section
A5.4.2 Some of the many definitions of transition tempera<the paragraph regarding Specimen Clearance) of Test Methods
ture currently being used arel)(the lowest temperature at E 23 discusses the two basic machine designs and a modifica-
which the specimen exhibits 100 % fibrous fractur®) ghe  tion found to be satisfactory in minimizing jamming.
temperature where the fracture shows a 50 % crystalline and a ) .
50 % fibrous appearance)(the temperature corresponding to AS-5 Velocity of Straining
the energy value 50 % of the difference between values A5.5.1 Velocity of straining is likewise a variable that
obtained at 100 % and 0% fibrous fracture, and)(the affects the notch behavior of steel. The impact test shows
temperature corresponding to a specific energy value. somewhat higher energy absorption values than the static tests
A5.4.3 A problem peculiar to Charpy-type tests occursabove the transition temperature and yet, in some instances, the
when high-strength, low-energy specimens are tested at loveverse is true below the transition temperature.
temperatures. These specimens may not leave the machine in ) ) )
the direction of the pendulum swing but rather in a sidewise®2-6 Correlation with Service
direction. To ensure that the broken halves of the specimens doA5.6.1 While Charpy or Izod tests may not directly predict
not rebound off some component of the machine and contat¢he ductile or brittle behavior of steel as commonly used in
the pendulum before it completes its swing, modifications mayarge masses or as components of large structures, these tests
be necessary in older model machines. These modificatioran be used as acceptance tests of identity for different lots of
differ with machine design. Nevertheless the basic problem ishe same steel or in choosing between different steels, when
the same in that provisions must be made to prevent reboundeorrelation with reliable service behavior has been established.
ing of the fractured specimens into any part of the swingingt may be necessary to make the tests at properly chosen
pendulum. Where design permits, the broken specimens magmperatures other than room temperature. In this, the service
be deflected out of the sides of the machine and yet in otheéemperature or the transition temperature of full-scale speci-
designs it may be necessary to contain the broken specimensens does not give the desired transition temperatures for
within a certain area until the pendulum passes through th€harpy or Izod tests since the size and notch geometry may be
anvils. Some low-energy high-strength steel specimens leaw different. Chemical analysis, tension, and hardness tests may
impact machines at speeds in excess of 50 ft (15.3 m)/aot indicate the influence of some of the important processing
although they were struck by a pendulum traveling at speedfctors that affect susceptibility to brittle fracture nor do they
approximately 17 ft (5.2 m)/s. If the force exerted on thecomprehend the effect of low temperatures in inducing brittle
pendulum by the broken specimens is sufficient, the pendulurbehavior.

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

A6.1 Scope where:

A6.1.1 This method specifies a procedure for converting€ = Ppercentage elongation after fracture on a standard test
percentage elongation after fracture obtained in a standard specimen having a 2-in. gage length and 0.500-in.
0.500-in. (12.7-mm) diameter by 2-in. (51-mm) gage length diameter, .
test specimen to standard flat test speciniéris. by 2in.and € = percentage elongation after fracture on a standard test
1%z in. by 8 in. (38.1 by 203 mm). specimen having a gage length L and a cross-sectional

area A, and
A6.2 Basic Equation a = constant characteristic of the test material.

A6.2.1 The conversion data in this method are based on an
equation by Bertelld! and used by Olivé? and others. The A6.3 Application
relationship between elongations in the standard 0.500-in. pg 31 In applying the above equation the constaris
diameter by 2.0-in. test specimen and other standard Specime{:‘ﬁaracteristic of the test material. The valme 0.4 has been

can be calculated as follows: found to give satisfactory conversions for carbon, carbon-
e=e, [4.47(\/AIL]? (A6.1)  manganese, molybdenum, and chromium-molybdenum steels

within the tensile strength range of 40 000 to 85 000 psi (275

1 Bertella, C. A.,Giornale del Genio CivileVol 60, 1922, p. 343. to 585_ MPa) a.nd in the hot-rolled, I.n. the hOt-rO”eq and

12 Oliver, D. A., Proceedings of the Institution of Mechanical Engineer828, normall_zed, or in the annealed Condltlon* with or without
p. 827. tempering. Note that the cold reduced and quenched and
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tempered states are excluded. For annealed austenitic stainlessTABLE A6.2 Annealed Austenitic Stainless Steels—Material

steels. the valua = 0.127 has been found to give Satisfactory Constant a = 0.127. Multiplication Factors for Converting Percent
conve,rsions ’ Elongation from ¥2-in. Diameter by 2-in. Gage Length Standard

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

A6.3.2 Table A6.1 has been calculated takayg 0.4, with Flat Specimens
the standard 0.500-|n._ (12.7-mm) diameter by 2-|n_. (51-mm) Thickness, J,;by 1;/2_ by Thickness, 1:;/3 by
gage length test specimen as the reference specimen. In the i, s e:'r:ﬁen S e;?:r-]en in. S e;'?ﬁen
. . . . . I | |
case of the subsize specimens 0.350 in. (8.89 mm) in diameter Py po po P pyo po "
by 1.4-in. (35.6-mm) gage length, and 0.250-in. (6.35-. mm) 0.030 0.848 o 0.850 0.943
diameter by 1.0-in. (25.4-mm) gage length the factor in the 0.035 0.857 0.900 0.947
equation is 4.51 instead of 4.47. The small error introduced by ~ 0.040 0.864 0.950 0.950
: . . 0.045 0.870 o 1.000 0.953
using Table A6.1 for the subsized specimens may be neglected. 50 0876 o 1125 0.960
Table A6.2 for annealed austenitic steels has been calculated 0.055 0.882 1.250 0.966
takinga = 0.127, with the standard 0.500-in. diameter by 2-in. g-ggg g-gg‘i e iggg g-g;g
gage length test specimen as the reference specimen. 0.070 0.895 . 1.625 0.983
0.075 0.899 o 1.750 0.987
0.080 0.903 o 1.875 0.992
_ 0.085 0.906 . 2.000 0.996
TABLE A6.1 Carbon and Alloy Steels—Material Constant a=0.4. 0.090 0.909 0.818 2.125 1.000
Multiplication Factors for Converting Percent Elongation from 0.095 0.913 0.821 2.250 1.003
¥2-in. Diameter by 2-in. Gage Length Standard Tension Test 0.100 0.916 0.823 2.375 1.007
Specimen to Standard ¥ by 2-in. and 1 ¥ by 8-in. Flat Specimens 0.110 0.921 0.828 2.500 1.010
0.120 0.926 0.833 2.625 1.013
Thickness, ]/z.by 11/2. by Thickness 11/2. by 0.130 0.931 0.837 2.750 1.016
in. 2-in. 8-in. in. 8-in. 0.140 0.935 0.841 2.875 1.019
Specimen Specimen Specimen 0.150 0.940 0.845 3.000 1.022
0.025 0.574 . 0.800 0.822 0.160 0.943 0.848 3.125 1.024
0.030 0.596 . 0.850 0.832 0.170 0.947 0.852 3.250 1.027
0.035 0.614 . 0.900 0.841 0.180 0.950 0.855 3.375 1.029
0.040 0.631 . 0.950 0.850 0.190 0.954 0.858 3.500 1.082
0.045 0.646 . 1.000 0.859 0.200 0.957 0.860 3.625 1.034
0.050 0.660 . 1.125 0.880 0.225 0.964 0.867 3.750 1.036
0.055 0.672 . 1.250 0.898 0.250 0.970 0.873 3.875 1.038
0.060 0.684 o 1.375 0.916 0.275 0.976 0.878 4.000 1.041
0.065 0.695 . 1.500 0.932 0.300 0.982 0.883 - S
0.070 0.706 . 1.625 0.947 0.325 0.987 0.887
0.075 0.715 . 1.750 0.961 0.350 0.991 0.892
0.080 0.725 o 1.875 0.974 0.375 0.996 0.895
0.085 0.733 o 2.000 0.987 0.400 1.000 0.899
0.090 0.742 0.531 2.125 0.999 0.425 1.004 0.903
0.100 0.758 0.542 2.250 1.010 0.450 1.007 0.906
0.110 0.772 0.553 2.375 1.021 0.475 1.011 0.909
0.120 0.786 0.562 2.500 1.032 0.500 1.014 0.912
0.130 0.799 0.571 2.625 1.042 0.525 1.017 0.915
0.140 0.810 0.580 2.750 1.052 0.550 1.020 0.917
0.150 0.821 0.588 2.875 1.061 0.575 1.023 0.920
0.160 0.832 0.596 3.000 1.070 0.600 1.026 0.922
0.170 0.843 0.603 3.125 1.079 0.625 1.029 0.925
0.180 0.852 0.610 3.250 1.088 0.650 1.031 0.927
0.190 0.862 0.616 3.375 1.096 0.675 1.034 e
0.200 0.870 0.623 3.500 1.104 0.700 1.036 0.932
0.225 0.891 0.638 3.625 1.112 0.725 1.038 e
0.250 0.910 0.651 3.750 1.119 0.750 1.041 0.936
0.275 0.928 0.664 3.875 1.127
0.300 0.944 0.675 4.000 1.134
0.325 0.959 0.686
0.350 0.973 0.696 o . ) ) ) )
0.375 0.987 0.706 A6.3.3 Elongation given for a standard 0.500-in. diameter
g'jgg 1'8(1’(2) 8';5 o by 2-in. gage length specimen may be converted to elongation
0.450 1.024 0.732 for ¥z in. by 2 in. or ¥2 in. by 8-in. (38.1 by 203-mm) flat
0.475 1.035 0.740 e e specimens by multiplying by the indicated factor in Table A6.1
0.500 1.045 0.748 d Table A6.2
0.525 1.056 0.755 . ana fable Ab.z.
8'232 1832 8-;% e A6.3.4 These elongation conversions shall not be used
0.600 1084 0.776 o o where the width to thickness ratio of the test piece exceeds 20,
0.625 1.093 0.782 e as in sheet specimens under 0.025 in. (0.635 mm) in thickness.
0.650 1.101 0.788 o . . . . .
0.675 1110 A6.3.5 While the conversions are considered to be reliable
0.700 1.118 0.800 within the stated limitations and may generally be used in
0.725 1.126 e . - . ;
0.750 1134 0.611 specification writing where it is desirable to show equivalent

elongation requirements for the several standard ASTM tension
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specimens covered in Test Methods A 370, consideration must
be given to the metallurgical effects dependent on the thickness
of the material as processed.

A7. METHOD OF TESTING MULTI-WIRE STRAND FOR PRESTRESSED CONCRETE

A7.1 Scope slurry consists of abrasive such as Grade 3-F aluminum oxide

A7.1.1 This method provides procedures for the tensiornd & carrier such as water or glycerin.
testing of multi-wire strand for prestressed concrete. This A7.3.6 Standard Sockets of the Type Used for Wire Repe
method is intended for use in evaluating the strand propertie§he gripped portions of the specimen are anchored in the
prescribed in specifications for* prestressing steel strands.” sockets with zinc. The special procedures for socketing usually
_ employed in the wire rope industry must be followed.
AT7.2 General Precautions A7.3.7 Dead-End Eye SplicesThese devices are available
A7.2.1 Premature failure of the test specimens may result ifn sizes designed to fit each size of strand to be tested.
there is any appreciable notching, cutting, or bending of the A7.3.8 Chucking Devices-Use of chucking devices of the
specimen by the gripping devices of the testing machine.  type generally employed for applying tension to strands in
A7.2.2 Errors in testing may result if the seven wirescasting beds is not recommended for testing purposes.
constituting the strand are not loaded uniformly. )
A7.2.3 The mechanical properties of the strand may be Note A7.1—The number of teeth should be approximately 15 to 30 per

materially affected by excessive heating during Specimeljln" and the minimum effective gripping length should be approximately 4
in. (102 mm).

preAF;agazo_lr_]r'] difficulti b inimized by followi Note A7.2—The radius of curvature of the grooves is approximately
e ese drficuities m_ay_ € mlnlmlze . y T0llOWING e same as the radius of the strand being tested, and is lokated
the suggested methods of gripping described in A7.4. (0.79 mm) above the flat face of the grip. This prevents the two grips from

N . closing tightly when the specimen is in place.
A7.3 Gripping Devices

A7.3.1 The true mechanical properties of the strand aré\7.4 Specimen Preparation
Qetermined by a test in which fra_lcture of the spepimen OCCUIS A7.4.1 If the molten-metal temperatures employed during
in the free span between the jaws of the testing machingot-gip tinning or socketing with metallic material are too high,
Therefore, it is desirable to establish a test procedure witly,er approximately 700°F (370°C), the specimen may be heat
suitable apparatus which will consistently produce such result$yfected with a subsequent loss of strength and ductility.
Due to inherent physical characteristics of individual ma-careful temperature controls should be maintained if such

chines, it is not practical to recommend a universal grippingmethods of specimen preparation are used.
procedure that is suitable for all testing machines. Therefore, it

is necessary to determine whjch of the .methods of gripp.ing)\7.5 Procedure
described in A7.3.2 to A7.3.8 is most suitable for the testing o _
equipment available. A7.5.1 Yield Strength- For determining the yield strength
A7.3.2 Standard V-Grips with Serrated Teeth (Note A7.1) Use a Class B-1 extensometer (Note A7.3) as described in
A7.3.3 Standard V-Grips with Serrated Teeth (Note A7.1),Practice E 83. Apply an initial load of 10 % of the expected
Using Cushioning Materiak-In this method, some material is Minimum breaking strength to the specimen, then attach the
placed between the grips and the specimen to minimize thgXt€nsometer and adjust it to a reading of 0.001 in./in. of gage
notching effect of the teeth. Among the materials which havdength. Then increase the load until the extensometer indicates
been used are lead foil, aluminum foil, carborundum cloth, br@n extension of 1 %. Record the load for this extension as the
shims, etc. The type and thickness of material required i¥i€ld strength. The extensometer may be removed from the
dependent on the shape, condition, and coarseness of the tesiR€cimen after the yield strength has been determined.
A7.3.4 Standard V-Grips with Serrated Teeth (Note A7.1), A7.5.2 Elongation— For determining the elongation use a
Using Special Preparation of the Gripped Portions of theClass D extensometer (Note A7.3), as described in Practice
Specimen-One of the methods used is tinning, in which the E 83, having a gage length of not less than 24 in. (610 mm)
gripped portions are cleaned, fluxed, and coated by multipl€Note A7.4). Apply an initial load of 10 % of the required
dips in molten tin alloy held just above the melting point. minimum breaking strength to the specimen, then attach the
Another method of preparation is encasing the gripped portionextensometer (Note A7.3) and adjust it to a zero reading. The
in metal tubing or flexible conduit, using epoxy resin as theextensometer may be removed from the specimen prior to
bonding agent. The encased portion should be approximatelypture after the specified minimum elongation has been
twice the length of lay of the strand. exceeded. It is not necessary to determine the final elongation
A7.3.5 Special Grips with Smooth, Semi-Cylindrical value.
Grooves (Note A7.2}The grooves and the gripped portions of ~ A7.5.3 Breaking Strengtk-Determine the maximum load at
the specimen are coated with an abrasive slurry which holdghich one or more wires of the strand are fractured. Record
the specimen in the smooth grooves, preventing slippage. Thtis load as the breaking strength of the strand.
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Note A7.3—The yield-strength extensometer and the elongation exjaws and yet meet the minimum specified values are considered as
tensometer may be the same instrument or two separate instruments. Tweeeting the mechanical property requirements of the product specifica-
separate instruments are advisable since the more sensitive yield-strengitn, regardless of what procedure of gripping has been used. Specimens
extensometer, which could be damaged when the strand fractures, may fat break outside of the extensometer or in the jaws and do not meet the
removed following the determination of yield strength. The elongationminimum specified values are subject to retest. Specimens that break
extensometer may be constructed with less sensitive parts or be coRatween the jaws and the extensometer and do not meet the minimum

structed in such a way that little damage would result if fracture OCCUrgpecified values are subject to retest as provided in the applicable
while the extensometer is attached to the specimen. specification.

Note A7.4—Specimens that break outside the extensometer or in the

A8. ROUNDING OF TEST DATA

A8.1 Rounding A8.1.2 Recommended levels for rounding reported values

A8.1.1 An observed value or a calculated value shall beof test data are given in Table A8.1. These values are designed
rounded off in accordance with the applicable product specifito provide uniformity in reporting and data storage, and should
cation. In the absence of a specified procedure, th&e used in all cases except where they conflict with specific
rounding-off method of Practice E 29 shall be used. requirements of a product specification.

A8.1.1.1 Values shall be rounded up or rounded down as

determined by the rules of Practice E 29. Note A8.1—To minimize cumulative errors, whenever possible, values

. . «—»Should be carried to at least one figure beyond that of the final (rounded)
A8.1.1.2 In the special case of rounding the number *5 value during intervening calculations (such as calculation of stress from

when no additional numbers other than “0" follow the “5,” load and area measurements) with rounding occurring as the final

rounding shall be done in the direction of the specificationgperation. The precision may be less than that implied by the number of
limits if following Practice E 29 would cause rejection of significant figures.

material.
TABLE A8.1 Recommended Values for Rounding Test Data
Test Quantity Test Data Range Rounded Value”
Yield Point, up to 50 000 psi, excl (up to 50 ksi) 100 psi (0.1 ksi)
Yield Strength, 50 000 to 100 000 psi, excl (50 to 100 ksi) 500 psi (0.5 ksi)
Tensile Strength 100 000 psi and above (100 ksi and above) 1000 psi (1.0 ksi)
up to 500 MPa, excl 1 MPa
500 to 1000 MPa, excl 5 MPa
1000 MPa and above 10 MPa
Elongation 0 to 10 %, excl 0.5%
9 10 % and above 1%
’ 0 to 10 %, excl 0.5%
Reduction of Area 10 % and above 1%
Impact Energy 0 to 240 ft:Ibf (or 0 to 325 J) 1 ft-Ibf (or 1 J)®
Brinell Hardness all values tabular value©
Rockwell Hardness all scales 1 Rockwell Number

A 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.

A9. METHODS FOR TESTING STEEL REINFORCING BARS

A9.1 Scope A9.3 Tension Testing

A9.1.1 This annex covers additional details specific to A9.3.1 Test Specimen Specimens for tension tests shall be
testing steel reinforcing bars for use in concrete reinforcementong enough to provide for an 8-in. (200-mm) gage length, a
distance of at least two bar diameters between each gage mark

A9.2 Test Specimens and the grips, plus sufficient additional length to fill the grips
A9.2.1 All test specimens shall be the full section of the barcompletely leaving some excess length protruding beyond each
as rolled. grip.
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A9.3.2 Gripping Device— The grips shall be shimmed so A9.4 Bend Testing
thhei: dngfr?r?ere:[i?:& ';éilh?nrgm) of a grip protrudes from the A9.4.1 Bend tests shall be made on specimens of sufficient
9 - length to ensure free bending and with apparatus which
A9.3.3 Gage Marks— The 8-in. (200-mm) gage length shall ides:
be marked on the specimen using a preset 8-in. (200-mmr3rovI ' . ) o
punch or, alternately, may be punch marked every 2 in. (50 A9.4.1.1 Contlnuqus and unlform apphcgnon of force
mm) along the 8-in. (200-mm) gage length, on one of theéhroughout the duration of the bending operation,
longitudinal ribs, if present, or in clear spaces of the deforma- A9.4.1.2 Unrestricted movement of the specimen at points
tion pattern. The punch marks shall not be put on a transverggf contact with the apparatus and bending around a pin free to
deformation. Light punch marks are desirable because deeptate, and

marks severely indent the bar and may affect the results. A A9.4.1.3 Close wrapping of the specimen around the pin

bullet-nose punch is desirable. _ ~ during the bending operation.
A9.3.4 The yield strength or yield point shall be determined  ag 4 2 Other acceptable more severe methods of bend
by one of the following methods: testing, such as placing a specimen across two pins free to

A9.3.4.1 Extension under load using an autographic dia;iate and applving the bending force with a fix pin. mav be
gram method or an extensometer as described in 13.1.2 areged_ Pping g pin, may

13.1.3, o . .
A9.3.4.2 By the drop of the beam or halt in the gage of the A9.4.3 When retesting is permitted by the product specifi-

testing machine as described in 13.1.1 where the steel tested Gation, the foIIovying shall apply:. o o )

a sharp-kneed or well-defined type of yield point. A9.4.3.1 Sections of bar containing identifying roll marking
A9.3.5 The unit stress determinations for yield and tensileshall not be used.

strength on full-size specimens shall be based on the nominal A9.4.3.2 Bars shall be so placed that longitudinal ribs lie in

bar area. a plane at right angles to the plane of bending.

A10. PROCEDURE FOR USE AND CONTROL OF HEAT-CYCLE SIMULATION

A10.1 Purpose A10.4.1.1 master char—a record of the heat treatment
A10.1.1 To ensure consistent and reproducible heat treateceived from a forging essentially identical to the production

ments of production forgings and the test specimens thdfrdings that it will represent. It is a chart of time and
represent them when the practice of heat-cycle simulation i€mperature showing the output from thermocouples imbedded

used. in the forging at the designated test immersion and test location
or locations.
A10.2 Scope A10.4.1.2 program chart—the metallized sheet used to
A10.2.1 Generation and documentation of actual productiorogram the simulator unit. Time-temperature data from the
time—temperature curves (MASTER CHARTS). master chart are manually transferred to the program chart.

A10.2.2 Controls for duplicating the master cycle during A10.4.1.3 simulator chart—a record of the heat treatment
heat treatment of production forgings. (Heat treating within thethat a test specimen had received in the simulator unit. It is a

essential variables established during A1.2.1). chart of time and temperature and can be compared directly to
A10.2.3 Preparation of program charts for the simulatothe master chart for accuracy of duplication.

unit. A10.4.1.4 simulator cycle—one continuous heat treatment
A10.2.4 Monitoring and inspection of the simulated cycle of a set of specimens in the simulator unit. The cycle includes

within the limits established by the ASME Code. heating from ambient, holding at temperature, and cooling. For
A10.2.5 Documentation and storage of all controls, inspecexample, a simulated austenitize and quench of a set of

tions, charts, and curves. specimens would be one cycle; a simulated temper of the same

specimens would be another cycle.
A10.3 Referenced Documents
A10.3.1 ASME Standards: A10.5 Procedure
ASME Boiler and Pressure Vessel Code Section lll, latest A10.5.1 Production Master Charts

edition. _ _ A10.5.1.1 Thermocouples shall be imbedded in each forg-

ASME Boiler and Pressure Vessel Code Section VIlLj,q trom which a master chart is obtained. Temperature shall be
Division 2, latest edition. 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
information and identification required for maintaining perma-
nent records.

3 Available from American Society of Mechanical Engineers (ASME), ASME A10.5.1.2 Thermocouples shall be imbedded 180° apart if
International Headquarters, Three Park Ave., New York, NY 10016-5990. the material specification requires test locations 180° apart.

A10.4 Terminology
A10.4.1 Definitions
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A10.5.1.3 One master chart (or two if required in accor- A10.5.2.7 If the time parameter is exceeded in opening the
dance with A10.5.3.1) shall be produced to represent essefurnace door to beginning of quench, the forging shall be
tially identical forgings (same size and shape). Any change iplaced back into the furnace and brought back up to equaliza-
size or geometry (exceeding rough machining tolerances) of #on temperature.
forging will necessitate that a new master cooling curve be A10.5.2.8 All forgings represented by the same master
developed. forging shall be quenched with like orientation to the surface of

A10.5.1.4 If more than one curve is required per mastefn® duench bath. _ , _
forging (180° apart) and a difference in cooling rate is A10.5.2.9 All product_|on forgings shall_ be_ qguenched in the
achieved, then the most conservative curve shall be used as tfﬁ@m_e quench tank, with the same agitation as the master

master curve. orging.

A10.5.2 Repro_du0|bll|ty of Heat Treatment Parameters on difference in actual heat treating temperature between produc-
Production Forgings tion forgings and the master forging used to establish the
A10.5.2.1 All information pertaining to the quench and simulator cycle for them shall not excee®5°F (+14°C) for
temper of the master forging shall be recorded on an apprahe quench cycle(2) The tempering temperature of the
priate permanent record, similar to the one shown in Tablgyoduction forgings shall not fall below the actual tempering
Al0.1. temperature of the master forgin(8) At least one contact
A10.5.2.2 All information pertaining to the quench and surface thermocouple shall be placed on each forging in a
temper of the production forgings shall be appropriatelyproduction load. Temperature shall be recorded for all surface
recorded, preferably on a form similar to that used inthermocouples on a Time Temperature Recorder and such
A10.5.2.1. Quench records of production forgings shall beecords shall be retained as permanent documentation.
retained for future reference. The quench and temper record of A10.5.3 Heat-Cycle Simulatian
the master forging shall be retained as a permanent record. A10.5.3.1 Program charts shall be made from the data
A10.5.2.3 A copy of the master forging record shall be'®corded on the master chart. All test specimens shall be given

stored with the heat treatment record of the production forgingin€ Same heating rate above, the AC1, the same holding time
%nd the same cooling rate as the production forgings.

A10.5.2.4 The essential variables, as set forth on the hea A10.5.3.2 The heating cycle above the AC1, a portion of the
treat record, shall be controlled within the given parameters oﬂoldiné] c':y.cle and the cooling portion of the m:alster chart shall

the production forging. ] . ~ be duplicated and the allowable limits on temperature and time,
Al10.5.2.5 The temperature of the quenching medium prioks gpecified in (a)—(c), shall be established for verification of

to quenching each production forging shall be equal to or lowefne adequacy of the simulated heat treatment.

than the temperature of the quenching medium prior t0 (3) Heat Cycle Simulation of Test Coupon Heat Treatment

quenching the master forging. for Quenched and Tempered Forgings and Batk cooling
A10.5.2.6 The time elapsed from opening the furnace doorate data for the forgings and bars and cooling rate control

to quench for the production forging shall not exceed thadevices for the test specimens are available, the test specimens

elapsed for the master forging. may be heat-treated in the device.

A10.5.2.10 Uniformity of Heat Treat Parameters(1) The

TABLE A10.1 Heat-Treat Record-Essential Variables

Master Production Production Production Production Production
Forging Forging 1 Forging 2 Forging 3 Forging 4 Forging 5

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
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(b) The test coupons shall be heated to substantially thaccordance with A10.5.3&). If any one specimen is not heat
same maximum temperature as the forgings or bars. The tesgeated within the acceptable limits of temperature and time,
coupons shall be cooled at a rate similar to and no faster thasuch specimen shall be discarded and replaced by a newly
the cooling rate representative of the test locations and shall h@achined specimen. Documentation of such action and reasons
within 25°F (14°C) and 20 s at all temperatures after coolingfor deviation from the master chart shall be shown on the

begins. The test coupons shall be subsequently heat treatedsimulator chart, and on the corresponding nonconformance
accordance with the thermal treatments below the criticateport.

temperature including tempering and simulated post weld heat g 5 4 Reheat Treatment and Retesting

treatment. . .

(c) Simulated Post Weld Heat Treatment of Test Specimens'A‘lo'E"Af'1 In the event pf a test failure, retesting shall pe
(for ferritic steel forgings and bars)—Except for carbon steel ( and_lt_ed n accordance with rules set forth by the material
Number 1, Section IX of the Code) forgings and bars with aSPecification.
nominal thickness or diameter of 2 in. (51 mm) or less, the test A10.5.4.2 If retesting is permissible, a new test specimen
specimens shall be given a heat treatment to simulate arf§hall be heat treated the same as previously. The production
thermal treatments below the critical temperature that thdorging that it represents will have received the same heat
forgings and bars may receive during fabrication. The simuireatment. If the test passes, the forging shall be acceptable. If
lated heat treatment shall utilize temperatures, times, anidfails, the forging shall be rejected or shall be subject to reheat
cooling rates as specified on the order. The total time atreatment if permissible.
temperature(s) for the test material shall be at least 80 % of the A10.5.4.3 If reheat treatment is permissible, proceed as
total time at temperature(s) to which the forgings and bars arfllows: (1) Reheat treatment same as original heat treatment
subjected during postweld heat treatment. The total time atime, temperature, cooling rate): Using new test specimens
temperature(s) for the test specimens may be performed infgom an area as close as possible to the original specimens,
single cycle. ) . ) repeat the austenitize and quench cycles twice, followed by the

A10.5.3.3 Prior to heat treatment in the simulator unit, teStempering cycle (double quench and temper). The production
specimens shall be machined to standard sizes that have bel%?ging shall be given the identical double quench and temper

determined to allow adequately for subsequent removal ofg jts test specimens aboy@) Reheat treatment using a new
decarb and oxidation.

o "Hew master curve shall be produced and the simulation and
dent external temperature-monitoring source. Due to the Ser?ésting shall proceed as originally set forth

sitivity and design peculiarities of the heating chamber of A105.4.4 | . h . di
certain equipment, it is mandatory that the hot junctions of -5.4.4 In summation, each test specimen and its corre-

control and monitoring thermocouples always be placed in th§Ponding forging shall receive identical heat treatment or heat
same relative position with respect to the heating sourc&r€atment; otherwise the testing shall be invalid.

(generally infrared lamps). A10.5.5 Storage, Recall, and Documentation of Heat-Cycle
A10.5.3.5 Each individual specimen shall be identified, andSimulation Data—All records pertaining to heat-cycle simula-
such identification shall be clearly shown on the simulatortion shall be maintained and held for a period of 10 years or as
chart and simulator cycle record. designed by the customer. Information shall be so organized

A10.5.3.6 The simulator chart shall be compared to thehat all practices can be verified by adequate documented
master chart for accurate reproduction of simulated quench irecords.

SUMMARY OF CHANGES

Committee AO1 has identified the location of selected changes to this standard since the last issue (A 370 — 03)
that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Tensile testing section amended to allow automated
tensile testing/elongation measurement as described in Test
Methods E 8.
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Committee AO1 has identified the location of selected changes to this standard since the last issue (A3 70at G2ay
impact the use of this standard. (Approved June 10, 2003.)

(1) Clarification of Section 13.2.1-Offset Method.

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

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

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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