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Standard Test Methods and Definitions for
Mechanical Testing of Steel Products’
This standard is issued wnder the fixed designation A37(; the number tmmediately following the designation indicates the year of

original adoption o, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

This standand has been approved for use by ugencies of the U.S. Department of Defense.

1. Scope*

1.5 When this document is referenced in a metric product
specification, the yield and tensile values may be determined in
inch-pound (ksi) units then converted into ST (MPa) units. The
clongation determined in inch-pound gauge fengths of 2 or §
in. may be reported in SIunit gauge lengths of 50 or 200 mm,
respectively, as applicable. Conversely, when this document is

1.1 These test methods® cover procedures and definitions
for the mechanical testing ol steels, stai teels, and.related
alloys. The various mechanical tes ribed B3 wsed
o determine properties required in the product sperieations,
Variations in (esiing methods are to be avoideds41d Sttintd ) a8 ap| on this i
methods of testing are 1o be foflowed to obight fghotnegse;  referenced in an inch-pound product specilfication, the yicld
and comparable results. In those cases in \ﬁudﬂhc teddd. and \CI?SI[C .valucs may l\.c determined in ST units .thcn .cm‘\-
requirements for certain products are unique dravariance will vcx"lcml into mchApmmq anits. The efongation determined in §I

saat wptls gguge lengths of 50 or 200 mm may be reported in

these general procedures, the produet x|XVC={'ILd|!On testing X v D
qummm shall contral IRIEP00Y. gauge longths of 2 or 8 in.. respoctively. as
apPRES

.

seus

seitisl (‘ A(M\‘.\i&)n is directed to ISOAEC 17025 when there may
1333

I3

Tonsion “head information on criteria for evaluation of testing
Bend laboralores.
Hardh
Bl .Iﬂ' 7}115 standard does not purport to address all of the
Rockwell sqfe?p concerns, if any, associated with its use. It is the
P"”tﬂb"* s+ vesponsibility of the user of this standard to establish appro-
act
K@ywmds K priate safety gnd health practices,qnd determine the applica-

3 Amnexcs covering “eﬂ\ﬂs D‘.‘Jﬂt’ﬂ l«f Wﬂﬁm bility of regmmon- lAmxmnor;s_p{taz',‘to use.
are dpp&.ndul 1o these test me A Bllows 403

.y .
2. Rel‘e]"eﬂtéd Ducuments Leed?

i
Bar Products P 2.1 ASTNE Stgudards:® 3433

Tubular Products . mgs'spun iddiddn for Tm Mﬂl. Products, General Requite-
Fastanars S1eelinemany ments

Found Wire Produdls RERRees RN memts

Significance of Notched-Bar Impact Testing T BNt AS AO23M Specification for Tin Mill Products, General Re-

Gonvetting Percentage Elongation of Round Specimens to  +x + & fnex A6

quirements [Metr
Equivalents for Fiat Specimens 9

A70"‘IA70?M Spbunmlmn for SlLLl Ce

General

Testing Multi-Wire Strand * Arnex A7

Founding of Test Data Annax AB ¢ Parts

Methods for Testing Steel Reinforcing Bars Annex A% AT8 l/A781M Specificati Castings, Steel and Alloy,
Procedure for Use and Control of Heat-Cycle Simulation Annex ATD 4

Common Requirements, for General Industrial Use

AB33 Practice for Indentation Hardness of Metallic Materi-
als by Comparison Hardness Testers

ADS6 Test Method for Leeb Hardness Testing of Steel
Products

AL038 Test Method for Portable Hardness Testing by the
Ultrasonic Contact Impedance Method

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

These test methods and definitions are under the jurisdiction of ASTM
Commitiee A1 on Stcel, Stainless Stecl and Related Alloys and are the direet
sesponsibility of Subcommitiee A01.13 on Mochanical and Chemical Testing and
Processing Methods of Sicet Praducts and Procasses.

Current edition approved May 15, 2014, Published July 2014, Originally
approved in 1953, Last previous edition approved in 2013 as A370- 13, DOl

3For referenced ASTM standards, visit the ASTM website, www.astm.org, or

10.1520/40370- 14,
2For ASME Boiler and Pressure Vessel Code spplications see related Specifi-
cation SA-370 in Section I of that Code.

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer o the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard
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E10 Test Methaod for Brinell Hardness of Metallic Materials

E18 Test Methods for Rockwell Hardness of Metallic Ma-
terials

23 Test Methods for Notched Bar Tmpact Testing of Me-
tallic Materials

£29 Practice for Using Signfficant Digits in Test Daia to
Determine Conformance with Specifications

Practice for Verification and Classification of Exten-
someter Systems

E10 Test Method for Indentation Hardness of Metallic
Materials by Portable Hardness Testers p4 s

E190 Test Method for Guided Bend Test for .DQCQI} &
Welds

E290 Test Methods for Bend Testing of N

ity

2 ASME Document:*
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Diviston 1, Part UG-8
3 150 Standard 3
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of Rslmg and Calibration L«xh«x.\ﬁm»i--

veas

et Thumsaris
Tilivass
PER

e 5 testing to
tainless

3.0 The primary use of {Ads: w Amﬂi
dummm the specilied xmdmnml prope: mwa ksleel
steel and related alloy praducts For the evafudion of confor-

Ve oY L

mance of such products o3 natedial specifiggtion undu \h«g

Jjurisdiction of ASTM Lapdits

designated by a purchaser in a Phidiae order ot :(‘hmmcl'..
3.1.1 These test metheds may be and dm us&d bv:wﬂ\u

ASTM i and other sta torihe

purpmc of conformance testing. b4

2 The material condition at the time of RSg02+ {nplmg

1rcqut.n<.\' specimen location and orientatldds ibporting
requitements, and other test parameters are contalded in the

pertinent material specification or in a General Requirement
Specification for the particular product form.

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

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

1 As with any mechanical tes
ation limits or expected as

suitable to be used for

ing, deviations [rom either
manufactured properties can

spec

* Available from American Society of Mechanical Engincers (ASME), ASME
International Headquarters, Two Park Ave.. New York, NY 10016-5990, hep/
WRW.2STE. 01,

5 Available from American National Standards Tnstitute (ANST), 25 W. 4324 S¢.,
4t Floor, New York, NY 10036, hutpiffwww. aosiorg.

.¢‘.'.

S Praddet speci

2

for valid res

sons besides deficiency of the original

abricated product. These reasons include, but are not
limited to: subsequent service degradation from environmental
exposure (for example. temperalure, corrosion); static or cyclic
service stress effects, mechanically-induced damage. material
inhomogeneity. anisotropic slructure, natural aging of select
alloys, further processing not included in the specification,
sampling limitations, and measuring equipment calibration
uncertainty. There s stalistical variation in all aspects of
mechanical testing and variations in test results from prior tests
are expected. An understanding of poss
tion from specified or expected test values should be applied in
interpretation of test results.

4. General Precautions

4.1 Certain methods of fabrication, such as hending,
forming, and welding. or operations involving heating, may
affect the properties of the material under test. Therefore, the
product specifications cover the stage of manufacture at which
mu)\.xmm! testing is to be performed. The properties shown by
‘mg-gnm to fabri ily be representa-
me'\?l‘l'hv roduct after it has been completely Fabricaied.

‘.4.2‘]01730pcr1y machined specimens should be d
and (ﬁbéﬂ iﬁecimcng substituted.

ded

)ljhﬁaws in the specimen may also affect results. Tl any test

spedinten develops flaws, the relest provision of the applicable
ion shall govern.

4.4 T any test specimen lails because of mechanical reasons
such as falli of testing eqbifhbar or improper specimen
pr«.paramm 1( m‘ly be d(scm'd«.d dnd amother specimen taken.

R
. Orf 1ehwﬁfm of Test Spéﬁinlﬁls

Iiae

5.1 e ol«mp\\l(hmi sty and “transverse test” are
used only in material spec for wrought products and
are not applicable to castings. When such reference is made to
afest coupon or test specimen, the following definitions apply:

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

Tran.vwrw’ Test, unless specifically defined otherwise,
Mgmilu. that the lengthwise axis of the specimen is at right
angles to the direction of the greatest extension of the steel
during rolling or forging. The stress applied to a transverse
tension fest specimen is at right angles to the greatest
extension, and the axis of the fold of a transverse bend test
specimen is parallel to the greatest extension (F

'ldﬂl test” and “tangential test” are used in

5.2 The terms

a test coupon or test \pcumcn the lollowing dle(U(\HS apply:
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+ORGUGINAL SPRCTREN
LONGTTUDINAL FLAT TENSION TEST

o =)
HOWGTTUDIAL ROUND TERSI0N 25T

CONGITUDAL
BEKD TEST
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DR EXTERSION. —
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petipe
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o

g
FIG. 1 The Relation of Test Coupons and Te3t Specimens o ~+!
Rolling Direction or Extenslan (Appiicable to General Wrought

Products) b

5.2.1 Radial Test, uales:
signifies that the lengthwise axis
dicular to the axis of the product aﬁd s&m’dduﬁi}.im PhebTihe
radii of a circle drawn with a pbigGEd g :u.(:swﬂ % product
as a center (Fig. 2a). Lo
2 Tangential Test, ungﬁs'sptc cally qd:rxe}]'mhuwuc.
swnmw that the lengthwishiglis of the specdihyis perpen-
dicular to a plane containfi G¥axs of the pdEEidnd tangent
0 a circle drawn with a poiftiéd lﬁs‘t.xn omm  product asyd
center (Fig. 2a, 2b, 2¢, and Wd\-. il

g PO S

TENSION TEST 11, o

el

6. Description :::::::::I

6.1 The tension test related to the mcchamu}l‘ﬁzsuﬁg Y Steel
products subjects a machi
material under examination to a measured load sifficient to
cause rupture. The resulling properties sought are defined in
Terminology E6.

6.2 In general, the testing equipment and methods are given
in Test Methods £ However, there are certain excep-
tions to Test Methods X/ AM practices in the testing of steel,
and these are covered in these test methods.

7. Terminology

7.1 For definitions of terms pertaining to tension testing,
including tensile strength, yield point, yield strength,
elongation, and reduction of area, reference should be made to
Terminology E6.

Testing Apparatus and Operations

8.1 Loading Systems—There are two general types of load-
ing syste i ew power) and hydraulic. These
differ chiefly in the variability of the rate of load appication.
The older screw power machines are limited to a small number

esnes

pecifically, defoed Eé&!}li‘éi“é 33
of, U Specd Bhe it papbhi s *

of fixed free running crasshead spoeds. Some modern screw
power machines, and all hydravlic machines permit steples
variation throughout the range of speeds.

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

ces

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

8.3 Loading—It is the function of the gripping or holding
device of the testing machine to transmit the load from the
heads of the machine to the specimen under test. The essential
requirement is that the load shall be transmitted axially. This
iraplies that the centers of the action of the grips shall be in
alignment, insofar as practicable, with the axis of the specimen
at the heginning and during the test and that bending or
twisfing be held to a minimum. For specimens with a reduced

» $6AdL Joripping of the specimen shall be r ted to the grip

$3GE S s dbe case of certain sections tested in full size,

& Hc’)idi‘ng is unavoidable and in such cases shall be

335 §pged of Testing—The speed of testing shall not be
e dhtn that at which load and strain readings can be made
adQdehtely. In production testing, speed of testing is commonly
Shpictsed: (1) n terms of free running crosshead speed (rate of
movement of the crosshead of the testing machine when not
under loagy, &) in terms of raterafgepatation of the twa heads
of the testipg machine undgr lagd, (3) in terms of rate of
stressing ta spacimen, or Nﬁh‘lénns of rate of straining the
specimeht The following Hibaads on the speed of testing are
recommeddled % M“\(I«.quult fomnml steel products:

NOTE Z—Tcnslon (eits using t!dsed To‘b]y machines (with feedback
control of rate) should not be performed using load control, as this mode
of testing will result in acceleration of the crosshead upon yielding and
elevation of the measured yield strength,

8.4.1 Any convenient speed of testing may be used up to
one half the specified yield point or yield strength, When this
i reached, the free-running rate of separation of the
shall be adjusted so as not to exceed Yis in. per min
per inch of reduced section, or the distance between the grips
for test specimens not having reduced sections. This speed
shall be maintained through (he yield point or yield strength. Tn
determining the tensile steength, the free-running rate of
separation of the heads shall not exceed Y2 in. per min per inch
of reduced section, or the distance between the grips for test
specimens not having reduced sections. In any event, the
minimum speed of testing shall not be less than Yo the
specified maximum rates for determining yield point or yield
strength and tensile strength.

8.4.2 It shall be permissible to set the speed of the testing
machine by adjusting the free running cr
above specified values, inasmuch as the rate of
heads under load at these machine settings is less
specified values of free running crosshead speed.
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FIG. 2 Location of Longitudinal Tension Test Specimens in Rings Cut from Tubular Products

4.3 As an alternative, il the machine is equipped with a
device to indicate the rate of loading, the speed of the machine
from half the specified yield point or yield strength through the
yield point or yield strength may be adjusted so that the raie of
stressing does not exceed 100000 psi (690 MPay/min.
However, the minimum rate of stressing shall not be less than
10 000 psi (70 MPa)min.

9. Test Specimen Parameters
9.1 Selection—Test coupons shall be selected in accordance
with the apphicable product specifications.

9.1.1 Wrought Steels—Wrought steel products are usually
tested in the Jongitudinal direction, but in some cases, where
size permils and the service justifies it, testing is in the
transverse, cadial, or tangential ditections (see Fig. 1 and Fig.
2

9.1.2 Forged Steels—For open die forgings, the metal for
tension festing is usually provided by allowing extensions or
prolongations on one or both ends of the forgings, either on all
or a representative number as provided by the applicable
product specifications. Test specimens are normally taken at
mid-radins. Certain product specifications permit the use of a
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representative bar o the destruction of a production part for 10, Plate-Type Specimens
ses. For ring or disk-like forgings test metal is
provided by increasing the diameter, thickness, or length of the
forging. Upset disk or ring forgings, which are worked or
extended by forging in a direction perpendicular to the axis of
the florging, usually have their principal extension along
concentric circles and for such forgings tangential tension
specimens are obtained from extra mefal on the periphery or

10.1 The standard plate-type test specimens are shown in
Fig. 3. Such specimens are used for testing metallic materials
in the form of plate, structural and bar-size shapes, and flat
material having a nominal thickness of %46 in. (5 mm) or over.
When product specifications so permit, other types of speci-
mens may be used.

end of the forging. For some Torgings. such as rotors, radial Nore 3—When called for in the product specification, the 8-in.
tension tests are required. In such cases the specimens are cut  (200-m) gauge lengih speciinen o Fig. 3 ray be used fo shect and s
‘material

ar trepanned from specified locations.
9.2 Size and Tolerances—Test specimens shall be (1) the 11, Sheet-Type Specimen

ss section of material, or (2) machined Lo the Torm and
i . The selection of size and type

11.1 The standard shect-type test specimen is shown in Fig.
3. This specimen is used for testing metallic materials in the
form of sheet, plate, flat wite, strip, band, and hoop ranging in
nominal thickness from 0.005 to 1 in. (0.13 to 25 mm). When
praduct specifications so permit, other types of specimens may
be used, as provided in Section 10 (see Note 3).

(200-mm) gauge ILnOlh unless otherwise speciigs
product specification.

9.3 Procurement of Test Specimens—Speg
extracted by any convenient method taking (.6551& remove :Ul 12. Round Specimens
distorted, cold-worked, or heat-affected areassisth the edges of' 845 e standard 0. ‘00 in. (12.5-mm) diameter round test

the section used in evaluating the material. Si[xx.nm_ns usually e areshown in Fig. 4 is frequently used for tosting metallic
have a teduced cross section at mid-length § ensure kT, TEa 5“‘71 how s frequently us csting meta

I
distribution of the s over the cross su.uon w! :\mlzcwc M ‘:
zone of fracture. pa3s

tenk ngg also shows small size specimens proportional to
the s&dddl specimen. These may be used when it is necessary
w skt frkderial rom which the standard specimen or specimens
shall be permissible (0 age ten N
sHaWndn Fig.  cannot be prepared. Other sizes of small round
temperature cycle employed mmr bu 9uch'ﬂm £ P
by 'sgqqmu\s m y be used. In any such small size specimen it is
previous proce

" ,"” .vnll "(?‘ ;h;:.m*uurflly da;(rgql; It may‘ l7c * dmportant that the gauge length Tor measurement of elongation
accomplished by aging af ¥00¢ femperature324 1§ $8 b, or in e four Umcs.&h‘di'\m “ter of (he specimen (sce Notg 4 4
shorter (ime dlmodu.nul\udkﬂ‘bﬂJunpmﬂllh.sW boiling in Sdde diameter of the specimen (see Note <, )

9.4 Aging of Test Speci

water, heating in oil or in an-ewnu.. Jeaiet . 2.3 Th&.wlx of specimerd &4ds dintside of the gauge length

s of Di .....‘,Tm i ..fgg shall accodiiadate the shapé iithe product tested, and shall

T o asane propcr}*yﬂ it the holders orsgraps;ef the testing machine so that
9.5.1 Standard Tension Test -

il lmngs‘am '\ppmd witha mm;mum of load eccentricity and
slippage. Fig. 5 sHdws specipértst ¢ith various types of ends
that have given satisfactory results.

Tk
of specimens are shown in 3. Ttadentild Mo
s-sectional arca, the conter width dirféRdions sRall "be
measured o the nearest 0.003 in. (0.13 mim 3oyt Bt B-in.
{200- m111) gauge length specimen and 0.001 in. (Q.028ymm) for 13. Gauge Marks
the 2-in. (50-mm) gange length specimen in Fig. 3. The center
thickness dimension shall be measured to the nearest 0.001 in. 13.1 The specimens shown in Figs. 3-6 shall be gauge
for both specimens. marked with a center punch, scribe marks, multiple device, or

9.5.2 Standard Round Tension Test Specimens—These — drawn with ink. The purpose of these gauge marks is to
forms of specimens are shown in Fig. 4 and To  determine the percent elongation. Punch marks shall be light,
determine the cross-sectional area, the diameler shall be  Sharp. and accurately spaced. The localization of stress at the
measured at the center of the gauge length to the nearest 0,001 Marks makes a hard specimen suscepible o starting fracture at
in, (0.025 mm) (see Table ). the punch marks. The gauge marks for measuring elongation

atter fracture shall be made on the flat or on the edge of the fat

96 General—Test specimens shall be either substanlially tonsion test %pccimen and within the parallel section: for the
full size or machined, as prescribed in the product specifica- L one o more sets of §-in.
tions for the material being tested. gauge s mark nn) be used, interme dmlp marks within the gauge

9.6.1 Tt is desirable to have the cro ctional area of the fength being optional. Rectangular 2-in. gauge lenglh
specimen smallest at the center of the gauge length to ensure tg. 3, and round specimens, F 4, are gauge
fracture within the gauge length. This is provided for by the  marked with a double-pointed center punch or scribe marks.
taper in the gauge length permitted for each of the specimens  One or more sets of gauge marks may be used; however, one
described in the following sections. set must be approximately

9.6.2 For brittle materials it is desirable to have fillets of  These same precautions
large radius at the ends of the gauge length. specimen is full section.

centered in the reduced section.
shall be observed when the test

@
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DIMENSIONS
Standard Specimens, Subsize Specimen
fate-Type,
Virin. (30-mm) Wide
8-in. {200-mm} 2n, {50-mm) Sheet-Typa, % S
Gauge Length Gauge Length in. {12.5-mem) Wide Vern. (6-mm) Wide
i i . i in. i in. m
G—Gauge length 8.00 x 0.01 200 £ 025 2000+ 0005 S500£010 2.000+0.008 50.0 ¢ 0.10 1.000 = 0.003 250008
(Notes 1 and 2)
WWidih 1% +1% 043 " +% 4043 050050010 1255025 025020002 25005
{Notes 3, 5, and 6) - Va . Va -5
T—Thickness : ]
ot Thickness of Material
A—Raduus of fllst, min % 18 % 5 P s
(Note 4) R .
L~Overall longlh, min 18 as0% 200 8 200 4 100
{Notes 2 and 8) 9
A—Length of 9 22! 80 2 €0 AV 32
) K
roduced section, min :
B—Length of grip section. min 3 : P 2 50 1% 32
(Note 9) : seisene
C—Wich of grip section, approxi- 2 : Taadmit. Y 20 % 10
ate : BTN
{Notes 4, 10, and 1) 134938234

Nore 1—For the 1Y2-in. (40-mm) wide s}w%ﬂem,ﬁﬁ\lﬁ inaiﬁ Jﬁ &&ang e\omm after fracture shall be made on the flat or on the edge of
the specimen and within the reduced sppdd For g@@mi 0O} Gauge lengtif §ebdifiten, « set of nine or more punch marks 1 in. (25 mm) apart,
ot one or more paits of punch marks § e $300 tup P aymaaayetie used. For the 2-ina@8amm) gauge length specimen, a set of thiee or more punch marks

1 in. (25 mra) apatt, ot one or mou?ium of puu: -;: ked in. (50 mm) aparg mag/-be used.

Nors 2—For the Y-in. (12.5 spechiben. for Tlongation afier fracture shall be made on the flat or on the edge
of the specimen and within the ddidell hection. Eltﬁc::::s':::of thre or moyd plnch marks 1 in. (25 mm) apart or one or more pairs of punch marks 2

in. (SO mm) apart may be used 2}
£ 538, o end<dr A dhduced section shall ot diffe i, §%th by more than 0:084 1,004, 0,002, or 0.001 in. (0.10,
0.10, 0.05, ot 0.025 muw), mpeaw;w‘e};q there ity Helal gradual dqqem in width frofiltRe ends 1o the cenget Wy fhe width at cither end shall not
be more than 0.015 in., 0.015 in., 0.5 12 1 0.003 IA2OH0, 0.40,2 30 or 0.08 mm), respgctively. larger than they yidh at the center.

Nors 4—For each specimen type, theaadi of all e cach other ance of 005 sy {143 i), and the conters of curvature
of the two fillets at a particular end shall be located aqross from gm ¥ (on a fine pcrlssn cular to the Lemerlmz)'wnhm a tolerance of 0.10 in. (2.5

mm). asi
Note S—For each of the four sizes of spmmenm‘mioi»fn; ;&&i»(w and C) may be mcd when Acessary. T 'auci “hses. the width of the reduced

section should be as large as the width of the material big Idlell pbdmits; however, unless stated specifically. the requirements for elongation in a product

spesiication shall not apply when these narrower speditel dsied. £ the widh of the matrial i loss than W, the sides wma be paralet throughout
the length of the specimen.

Nos 6 The specimen may be modified by muking the skibs parallel throughont the length of the specimen, the width and tolerances being the sume
as those specified above. When necessary, a narcower specimen may be used. in which case the width should be us great as the width of the material being
tested permits. I the width is 1% in. (3% mm) or less, the sides may be paralle! throughout the length of the specimen.

Nots 7—The dimension T is the thickness of the fest spscimen as provided for in the applicable product specification. Minimum nominal thickness
of 1 to 1%-in. (40-mm) wide specimens shall be s in. (5 mm). except as permitted by the product specification. Maximum nominal thickness of ¥
(12.5-mun) and Ya-in. (6-mm) wide specimens shall be 1 in. (25 mm) and % in. (6 mm), respectively.

Note 8—To aid in obtaining axial loading during testing of ¥4-in. (-mm) wide specimens. the overall length should be as large as the material will
permit.

Nots 9—Tt 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
1o two thirds or mose of the length of the grips. If the thickness of ¥-in. (13-mm) wide specimens s over % in. (10 mm), longer grips and correspondingly
Tonger grip sections of the specimen may be necessary to prevent failure in the grip section.

Nors 10—Far standard sheet-type specimens and subsize specimens, the ends of the specimen shall be symmetrical with the center line of the reduced
section within 0,01 and 0.005 in. (0.25 and 0.13 mm), respectively, except that for steel if the ends of the Y4-in. (12.5-mm) wide specimen are symmetrical
within 0.05 in. (1.0 mm), a specimen may be considered satisfactory for all but referce testing.

Note 11—For standard plate-type specimens, the ends of the spectimen shall be symumetrical 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
010 in. (2.5 mm).

FIG. 3 Rectangular Tension Test Specimens
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DIMENSIONS
Standard Specimen Smauszze Spacimens Proporional to Standard
Nominal Diameter in. mm ) n. mm in, mm, . )
0.560 125 8.75 0250 8.25 . 160 4.00 0.113 2.50
G—Gauge tength 200t 50.0 & 35.0+ 1000+ 250 & 0.840¢ 18.0 % 04502 100+
0.008 @10 0 Q.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500¢ 12.5¢ 0.350¢ 875 ¢ 0.250+ 525 % 0.180¢ 400+ 0913z 250 &
0.010 0.25 0.007 018 0.005 012 0.003 0.08 0.002 0.05
A—Radius of fiflet, min ¥ 10 Va L] e 5 oz 4 Y 2
A-—Length of reduced section, 2V &0 1% 45 Vs 32 ¥a 20 ) 16

min (Note 2)

the center (commllmg dimension.
Nots 2—If desired. the length of the reduced

an of any gauge length. Reference

marks for the measurement of elongation should, nddelh&idds! 8¢ dificed at the indicated gange length.
Note 3—The gauge length and fillets shall be a§ b, but'(h¢ $4ds may be of any form to fit the holders of the testing machine in such a way that

the load
to allow the specimen to extend into the grips ay
Nots 4—On the round specimens in Fig. 5 and FAx. &, the gavge |

all be axial (see Fig. 9). If the ends aretg B¢ Bl in weddirips it is desitable, if possible. to make the length of the grip section great enough
ance equal to two thirds or mre of the length of the grips.
ongthsetd

1o Four times the nominal diameter. Tn some product specifications

other specimens may be provided for, but unless ted-to-1 ratio s maintained sithirmensional tolerances, the elongation values may not be comparable
with those obtained from the standard test speciden. b TRIIIINNLL

Nots 5—The use of specimens smaller than 0. ﬁsa«d& isiy&;;dﬁx'n‘ x shall e wesiricted to cases when the material to be tested is of insufficient
size to obtain farger specimens or when al} plrties whidid Stk éckptands ok, Smaller specimens require suitable equipment and greater
skill in both machining and testing. ;3323 ¢ "";:::::::“ 33541

iaiidt
Nots 6—Five sizos of specimenddikhifod e Sblandr

calculations of stress from loadgs §

PeD3.20.357, 0,252, 0.160, and 0.113 in., the reason being to permit eaiy

ey the charespdading cross sectional apgat %apet equal or close to 0.200, 0.100, 0.0500, 0.0200, and 0.0100 in.”

respoctively. Thus, when the agtealxkamcters gree » sathshese values. the. strepse for strengths) may be computed using the simple multiplying factors

5, 10,20, 50, and 100, ’fhc Tetric these

wultiplying factors.)

do not result in carrespondingly convenient cross sectional arca and

FIG. 4 Standard 0.500- ;o.uzarmny Round Tehbld Test Specimen with 2-n. (50+ i) Gauge Length apg Examples of Small-Size Speci-

the

14. Determination of Tensile Propertiei‘ N

14.1 Yield Poim—Yield point is the hm Sgt
less than the maximum obtainable stress, 3t W66l Heimcrease
in strain occurs without an increase in ih‘\!\S‘ Ylu]tl‘pmm is
intended for application only for mate that Al éxhibit the
unigue characteristic of showing an increase in sbr in without
an increase in stress. The stre: rain diagram is characterized
by a sharp knee or discontinuity. Determine yield point by one
of the following methods:

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

l-t‘l:i 'Aqtpgmphic l“.";a'g‘n};‘r;Method-‘thn asharp-kneed
stresst8train AgFam is obtitded by an autographic recording
device, take the stress cotfésponding to the top of the knee
(Fig. 7). or the stress at which the curve drops as the yield
point.

14.1.3 Toral Extension Under Load Method—When lesting
material for yield point and the test specimens may not exhibit
a well-defined disproportionate deformation that characterizes

a yield point as measurad by the drop of the beam, hall of the
B

pointer, or autographic diagram methods described in 14,1
and 14.1.2, a value equivalent to the yield point in its pract
significance may be determined by the Tollowing 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
load producing a specified extension (Note 6) is reached record
the stress corresponding o the toad as the yield point (Fig, 8).

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

Nots 5—Reference should be made to Practice E

Nore 6—For steel with & yicld point specified not over 80 000 psi (550
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3 Spacimen 4 Specimen 5
in. mm in. mm in. mm in. mm in. mm
G—Gauge length 2.000¢ 500 + 2.000¢ 50.0 + 2.000% 500+ 2.000¢ 500+ 2.00% 500+
0.005 o.10 0.006. 0.10 0.003 a.10 .00 ¢.10 0.005 0.10
D—Diameter (Note 1) 0.500 & 125¢  0spdRey, 125 0.500 & 125 0.500 & 12.5% 0500+ 125
0.010 .25 0010 025 0.010 0.25 0.010 0.25
A—Radius of fillet, min £ 10 Yo 10 ¥ 10
A—Langth of reduced 2%, min &0, min z@, Hr; b4 3 3 2%, min 60, min 2%, min B0, min
section . : aene - d-
oe
L—Overalf length, approximate 125 328 A% 120 9% 240
B—Grip section 35, apes s %, ap- 13, ap- 3, min 75, min
(Note 2) proxi- proxis o 4 proxi- proxi-
mataly mately s © mately mately
C—Diameter of end section Y 20 o kS 22 ¥ 20
E—Length of shoulder and e Lt i £ 20 % 16
iilet section, approximate Lo 1333
F—Diameter of shoulder . TR et ... k3 1% Y 15

Note t—The reduced section may, aqvp;;,gmq @: wgrmmﬁc ends towad Jugqmer with the ends not more than 0.005 in. (0.10 mm) larger in

diameter than the center.
d;sj@y.e;\r pomma 34 boke the length of the ggg gacnon great enough to allow the specimen to extend into the grips

Nots 2—On Specimen 5 it $.54 pek

a distance equal 10 two thirds onmemcsof the lengthrof ¥he srips. aeeet
Note 3—The types of ends shommtare applicebiesths e standard 0.500-4n. round tension test spesimen; stilar types can be used for subsize

specimens. The use of UNF sériex :hrudda (aby fﬁ. V Syno % by 24, and ¥ by 28) is tm@,\tcd for h!gh«lmnl&xbﬂ(ﬂc materials to avoid fracture

in the thread portion. RS04

F\‘G :Esﬂﬁwed Tﬂﬁésdf Ends. (p}Standard Rounc(TeJlsaon Test Speclmené

Laeen

< AP

4 B

p 1333

3 RIIIT

DIMENSIONS
Specimen 1 Specimen 2 Specimen 3
in. mm in. mm in. mm

G—Length of parafie! Shall be equal to or greater than diameter O
D—Diameter 0.500 £ 0.010 12,6+ 0.25 0.750 + 0.015 200 040 1.25 4 0.025 30.0 + 0.80
R—Radius of filet, min 1 25 1 2 50
A—Length of reduced section, min e 82 e 38 2 80
L—Qver-all length, min 3% 95 4 100 6% 180
B—CGrip section, approximate 1 25 1 25 1% 45
C—Diamater of end section, approximate e 20 1 3¢ 1% 48
E—Langth of shoulder, min “ ) "% 6 She 8
F—Diameter of shoulder KER 16.0 + 040 e & Veu 24.0x 040 1718 & Voa 36.5 + 0.40

Note 1—The reduced section and shoulders (dimensions 4, D, E, F, G, and R} shall be shown, but the ends may be of any form to fit the holders of
the testing machine in such a way that the oad shali be ax Commonly the ends are threaded and have the dimensions 8 and C given above.
FIG. 6 Standard Tension Test Specimens for Cast fron
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TABLE 1 Multiplying Factors to Be Used for Various Diameters of Round Test Specimens

Standard Specimen

‘Small Size Spacimens Proportional 1o Standard

0500 in. Round 0350 in. Round 0,250 in. Round
Actual o Actual ol Actual .
Atea, Multiplying Area, Multiplying Area, Multiplying
Diameter, e Fantor Diameter, 7 oo Diametor, e P
in. in. in.
0.490 0.1886 530 0.343 0.0924 1082 0245 2121
0.491 0.1893 528 0344 0.0029 0248 2104
0.492 01001 528 0.345 6.0835 0.247 20.87
0.493 0.1909 524 0.346 0.0940 0.248 2070
0.494 0.1917 s22 0.347 0.0046 0249
0.495 o.1924 520 0.348 0.0051 0.250
0.498 0.1932 518 0.349 0.0057 0.251
0.497 0.1940 515 0.350 0.0082 10.39 0252
0.4908 0.1948 1038 0.253
0.499 0.1056 1028 0.25¢
0.500 0.1963 10.22 0.255
0.501 01971 1018
0.502 0.1970 10.10
0.503 0.1987
0.504 0.1995
{02y
0.505 0.2003
{02y
0.506 02011
021
0.507 0.2019
0.508 0.2027 493
0.500 0.2035 y
0.510 0.2043 e
* The values in may be usceHarmse ik & stresses, in inch, as permittad in Note § of Fig. 4
s n
2 H
: ohe g
: il
H vt
: SRl
R : o
e Ties
1 .
2
g
@
8
-1
@
Strain
Strain
< m om = Specified Extension Under Load
FIG. 7 Stress-Strain Diagram Showing Yield Point G FIG. 8 St train Diagram Showing Yield Polnt or Yield

with Top of Knee

MPa), an appropriate value is 0.005 inin. of gauge length. For values
above 80000 psi. this method is not valid unless the limiting total
extension is increased.
Norz 7—The shape of the inital portion of an_ autographically
(or a load fon) curve may be influenced by
pmerots factors such a8 the scating of the specimen in the grips, the
straightening of @ specimen bent duc to residual stresses. and the rapid
loading permitied in 8.4.1. Generally, the aberrations in this portion of the
curve should be ignored when fitting @ modulus line. such as that used to

Strength by Extension Under Load Method

determine the extension-under-load yield. to the curve. In practice, for a
number of reasons, the straight-line portion of the stress-strain curve may
not go through the origin of the stress-strain diagram. In these cases it is
not the origin of the stress-strain diagram, but rather where the straight-
line portion of the stress- strain curve, intersects the strain axis that is
pertinent. All offseis and extensions should be calculated from the
interscction of the straight-line portion of the stress-strain curve with the
strain axis, ind not necessarily from the origin of the stress-strain diagram.
See also Test Methods ES/ESM, Note 32
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at which a alloys, the prodw

should be contacted to di

14.2 Yield Strength—Yield strength is (he stres s appropriate modulus

material exhibits a specified Hmiting deviation from the pro- values.
portionality of stress to strain. The deviation is expressed in 14.2.2 Extension Under Load Method—For te

to deter-
terms of strain, percent offset, (otal extension under Joad, ete. eptance or rejection of material whose stress-strain
Determine yield strength by one of the following methods: s are well known from previous tests of similar
14.2.1 Offser Method—To determine the yield sirength by material in which stress-strain diagrams were plotted, the total
the “offset method,” it is necessary (o secure data (autographic strain corresponding to the stress at which the specified offset
or numerical) from which a teain diagram with a distinct (su, Note @ and Noewe 10) oceurs will be known within
modulus characteristic of the material being tested may be i its. The stress on the specimen, when this total
drawn. Then on the sire: 0 diagram (Fig. 9) lay off Om s the value of the yield strength. In recording
equal o the specified value of the offset, draw ma parallel w0 values of yield strength obtained by this method, the vaiue of
OA, and thus locate r, the intersection of mn with the “extension” speeified or used, or both, shall be stated in
stess-stiain curve corresponding o load R, which is the  parentheses after the term yield strength, for example:
yield-strength load. Tn recording values of yield stength

" § A © feld s 5% EUL) = 5 G (3 '
obtained by this method, the value of offset specified 3, used, Yield stength (055 BUL) = 52000 psi (360MPe) - (2)
or both, shall be stated in parentheses afier the .‘l&vﬁﬁ.sud The total strain can be obtained satisfactorily by use of a
strength, for example: .::::::::::‘ Class BI extensometer (Note 4, Note 5, and Note 7).

Yield strength (0.2% offsct) = 52000 psi (64 BIPR] 231 115 Nore 9—Automatic devices are available that determine offset yield
When the offset is 0.2 % or larger, the w;mmmc]cr §84d1  stronat without ploting a stres-sitao curse. Such devices may be used
e o . if their aceuracy has boen demonstrated.
shall qualify as a Class B2 device overas l.uﬂ'mﬂgu of 0.05 15 N ) . ;
1066 1 o smaller offset is specificd. it mayae nocessary o I¥tE 10— The appropriate magnifude of the extension wnder load will
e Iha P yilbe necessary B glz»}e_ms ik with the strength range of the particular steel under test. In
specily a more accurate device (that is, a Cipds B1 devigeX dl, uc of extension under load applicable to steel at any
reduce the lower limit of the strain range nm. uﬁﬁqﬂ&: (3...sxrcngﬂ’|.lﬁwl:ﬂi§' be determined from the sum of the proportional strain
0.01 %) or both. See also Note 9 for aytornaid 8678883 13 seesasifnd U PLSQS stain expected at the specified yield strength. The
csedss’ a3l "‘::::::::"'10“0"'1‘&@1‘}““‘“1*“

Nom= 8—For sressixin diagrams i dor g2 2 ..
such as for some cold AT E s weaoimanisd that tho ,,_r:;xpmmn under load, in/in. of gauge length = (YS/E}+r  (3)
extension under load method be umxz«xt Withe b PR is used for
materials without a distinet modulp$ Sdduls ViR pPbPriate for the v
material being tested should be ngetls $6 000 000 pg 12G79Q00 MPa) for |4 ;’5‘« = spt,cnu.d yield strength, psl or MPa,
carbon steel; 20 000 000 psi (€98 940 MPa) for fonitia siminless steel; = modutus of elasticity, psi or MPa, and
28 000 000 psi (193 000 MPa):Sc.rfﬁ:ztt:mhc <mm‘n:s§:¢%§l: For special ¢ hmmng plastic strain, inginy

&

Twﬂzle, Strength—C al;u];uc the tensile strength by
di (Imé,m’mdxm\um toagl, i Specimen sustains during a
tension 184 hy the origindls
men. s+

144 Elongation:

14.4.1 Fit the ends of the fractured specimen together
carefully and measure the distance between the gauge marks to
the nearest 0.01 in. (0.25 mun) for gauge lengths of 2 in. and
under, and to the nearest 0.5 % of the gauge length for gauge
lengths over 2 in. A percentage scake reading to 0.3 % of the
gauge length may be used. The elongation is the increase in
length of the gauge length, expressed as a percentage of the
original gange length. In recording elongation values, give both
the percentage increase and the original gauge length.

14.4.2 If any part of the fracture takes place outside of the
middle half of the gauge length or in a punched or scribed mark
within the reduced section, the elongation value obtained may
not be representative of the material. If the clongation so

casured meets the mini specified, no
further testing is indicated, but (the L‘!(médlllm s less than the
minimum requirements, discard the test and retest.

st 144.3 Automated tensile (esting methods using extensom-

eters allow for the measurement of elongation in a method

om = Specified Offset described below. Elongation may be measured and reported

FIG. 9 St train Dlagram for D i af Yield Strength either this way, or as in the method described above, fitting the
by the Offset Method broken ends together. Either result is valid.
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14.4.4 Tlongation at fracture is ddxn«,(i s the elongation
measured just prior to the sudden dect
with fracture. For many ductile materials not exhibiting a
sudden decrease in force, the elongation at fracture can be
taken as the strain measured just prior to when the force falls
below 10 9 of the maximum force encountered during the test.

14.4.4.1 Elongation al fracture shall include elastic and
plastic elongation and may be determined with autographic or
antomated methods using extensometers verified over the
n range of interest. Use a ¢ B2 or better extensometer
for materials having less than 5 % elongation; a class C or
better extensometer for materials having elongation greater
than or equal to 5 % but less than 50 %: and a class D or better
extensometer for materials having 50 % or greater elgngation.
Tn all cases, the extensometer gauge length shall be thiirky

being testeds Dl

HARDNESS TEST

16. General

16.1 A hardness test is a means of determining resistance to
penetration and is occasionally employed to ebtain a quick
approximation of tensile strength. Table 2, Table 3, Table 4,
and Table re for the conversion of hardness measurements
from one scale to another or to approximate tensile strength.
These conversion values have been obtained from computer-
generated curves and are presented to the nearest 0.1 point to
permit accurate reproduction of those curves. ANl converted
hardness values must be considered approximate. All con-
verled Rockwell and Vickers hardness oumbers shall be
rounded to the nearest whole number.

.mmmal
gauge fength required for the sf i
!qd\ of precision in filting Iractured ends toge lh«sr\tho k '
tion after fracture using the manual methods pg g};g mwc;l;na
paragraphs may differ from the elongation J 'x}acmm d!:m*'
mined with extensometers.
14.4.4.2 Percent elongation at Tracture may'{x ml&,ula(L(I
dir
instead of percent clon
these two

ation as calculated inf14,
are not i

clongation at fracture method "anwbﬂpmud;s, mc :rgpw* It

able results.

14.5 Reduction of AreaAFﬂ: m«. erld{ :Lﬂ':ni, fractured
specimen together and measuid Ilh. ineah’didd:Ididr the width
and thickness at the smdlluwmsn Section to iessaiie accuracy
as the original dimensionds Theddifterence bpbsan the area

thus found and the area of'thgv.r;g\ggl_ cross $§¢ig expressed
as a percentage of the original #dS i the reltidd of aregy s
Trerees 344 et

»........

BEND TEST

15, Description

15.1 The bend test is one method for evafddd :gtauemuy
but it cannot be considered as a quantitative medseqlipredict-
ing service performance in all bending operations. Tigsseverity
of the bend test is primarily a fanction of (he angle 6f bend of
the inside diameter to which the specimen is bent, and of the
cross section of the specimen. These conditions are varied
according to location and orientation of the test specimen and
the chemical composition, tensile properties, hardness, type,
and quality of the steel speeified. Test Method E190 and Test
Method E29¢ may be consalted for methods of performing the
fest.

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

.3 Bend the test specimen at room temperature to an
side  diameter, as designated by the applicable product
specifications, to the extent specified. The speed of bending is
ordinarily not an important factor.

y from elongation at fracture data vdﬂd be upoﬂod'

ié
mns;ngquxdrdmss and test

.....n..'

16.2 Hardness Testing:

16.2.1 1f the product specification permits alternative hard-
ness testing to determine conformance to a specified hardnes
1‘cqui|‘cmem the conversions Hsted in Table 2, Table 3, Table 4
and Lxmu shall be used.
3 When recording converted hardness numbers, the
scale shall be indicated in
patehiidsks. Jor example: HBW (38 HRC). This means
That 2" Hdrlihdss value of 38 was oblained using the Rockwell C
Scalg dnthddnverted (0 a Brinell hardness of

arait
17; Brinell Test
+311 Descriprion:
17.1.1 A specified load is apphied to a flat surface of the
specimen toshe tested, througte sy tungsten carbide ball of
pecified digmeter. The avergge diggneter of the indentation is
used as a Wasj for calculatioh*ditthe Brinell hardness number.
The qudddit,of the appliedl bl divided by the area of the
surface o the indentation, Vvhldms assumed to be spherical, is
termedkth® Brindil hiwdness nufiflec{HBW) in accordance with
the following equation:

mpw= e (zp)(p - “)

where:

HBW Brinell hardness number,

P applicd load, kgf,

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

ore 11—The Brinell hardness number is moe conveniently secued
from standard tablos such 2 Tabte 0, which show mumbers corresponding
to the various indentation dmmetcrs. usually in increments of 0.05 mm.

Nore 12—In Test Method 510 the values are stated in SI anits, whereas
in this section kg/m unis are used.

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

17.1.3 A range of hardness can properly be specified only
for gquenched and tempered or nermalized and tempered
material. For annealed material a maximum figure only should
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TABLE 2 Hardness Cx Numbers for Steels* (| € to Other Hardness Numbers)
Rockwell Superficial Hardnsss
. Rockwsl
Rockwelt C Vickers Brinelt Knoop A Scale, 15N Scale, 30N Scale 45N Scale, .
Scale, 150-kgt Hudross Hardness, Hardness, sokgf Load, t5-kgt 30kgl askg | Approximate
Load, Diamond Neriey  3000kgtLoad,  500-gf Load P Load, Load, 1 Tensile
Penetrator 1G-mm Balf and Over Diamond  Diamond  Diamor Strength,
Penetrator ksi (MPa)
Penetrator _Penetrator _Penotrator
68 940 220 856 932 844 754
67 900 895 850 929 835 742
8 865 .. 870 845 925 828 738
&5 az2 739 846 839 922 819 720
64 800 722 822 834 218 811 710
63 772 706 790 828 914 80.1 899
62 748 688 776 823 911 703 68.8
61 720 670 754 818 907 784 877
60 697 654 732 812 02 775 866 .
59 674 89.8 766 855 351 (2420
58 653 89.3 757 84.3 338 (2330)
57 633 889 748 832 325 (2240)
56 813 883 739 620 313 (2160)
55 595 879 730 80.8 301 (2070)
54 577 . 874 720 598 292 {2010)
53 560 o 2.9 712 586 283 (1050
52 544 1% 264 702 57.4 278 (1880
51 528 h4 85.9 9.4 6.1 264 (1820)
50 513 s 855 885 550 255 (1760)
49 498 i 85.0 875 538 246 (1700)
48 484 H 845 667 525 238 (1640)
47 514 229 (1580)
% 503 221 (1520)
45 490 215 (1480)
44 478 208 (1
43 467 201 (1300)
42 R 455 194 (1340)
41 H 43 188 (1300)
40 e 43.1 182 (1250)
39 153 419 177 (1220)
38 L 40.8 171 {1180}
a7 vasee 398 166 {1140)
36 1397 384 161 (1110
35 b 372 156 {1080}
34 36.1 152 (1050)
33 349 149 (1030)
a2 37 148 (1010}
31 ®5s 141 (070)
30 313 138 {950}
29 a0.1 135 (930)
28 288 131 (900}
27 278 128 (850)
26 267 125 (860
25 255 123 (850)
24 243 119 {820)
23 281 117 (810)
22 ; . . 220 115 (790)
21 243 231 256 810 80.9 423 207 112 {770)
20 238 226 251 80.5 89.4 415 19.6 190 (760)

 This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. i is possible that steels of various compositions and
processing histories will deviate in hardness-tensile strength relationship from the date. presented in this table. The data in this table should not be used for austenitic
stainiess steals, but have been shown to be applicable for ferrtic and martensitic stanless steels. The data in this table should not be used to establish a relationship
between hardness vaiues and tensile strength of hard drawn wire, Where more precise conversions are required, they should be doveloped specially for each steel

tion. heat freatment, and part, Caution should be exercised if conversions from this tabl are used for the acceptance of rejection of product. The approximate

comy
interrelationships may afiect acceptance or rejection.

be specified. For normalized material a minimum or a maxi-
mum hardness may be specified by agreement. In general, no
hardness requirements should be applied to untreated material.

17.1.4 Brinell hardness may be required when (ensile prop-
erties are not specified.

17.2 Apparatus—Equipment shall meet the following re-
quirements:

17.2.1 Testing Machine—A Brinell hardness testing ma-
chine is acceptable for use aver a loading range within which
accurate o *+1 %

its load measuring device is

17.2.2 Measuring Microscope—The divisions of the mi-
crometer scale of the microscope or other measuring devices
used for the measurement of the diameter of the indentations
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TABLE 3 Hardness G Numbers for itic Steels” { B to Other Hardness Numbers)
Rockwell Superficial Hardness.
Rodwan Rockwell A Rookwell F 15T Soale, 30T Soale, 45T Somle,
Soale, 100~ Vickers Brinelt Knoop Scale. o . 8, k“» kﬁte' Approximate
kgf Load Vhe- Hardioss Hardness, Hardnass, Sokgt S0kt 15 30-kgt 45-kgf Tensite
in. (1.588- 3000-kgt Load,  500-gf Load k! *g Load, Load, oad, Strength
oy Number o Bait o Over Load. Diamond  Load, Yie-in e -in revin, Vrerin, ol (e
‘Bl Penetrator  (1.588-mm) Ball (1588 (1.586- (1.588-
mm) Bal  mm) Ball  mm) Ball
100 240 240 93.1 831 729 116 (300)
o 204 234 228 a5 719 114 (785)
98 228 228 25 818 709 109 (750)
97 222 222 92.1 81.1 69.9 104 (715)
9% 216 218 918 80.4 689 102 (705}
95 210 210 215 798 67.9 100 {690}
94 205 205 912 9.1 6.9 98 (675)
93 200 200 908 784 659 94 (650)
22 195 195 905 778 648 92 (635)
91 190 190 %02 774 638 90 {620
%2 185 185 8.9 764 628 9 (615)
89 180 80 805 758 618 88 (605)
88 178 60.8 86 (590)
87 172 sea 84 (580)
8 169 588 83 {570)
85 65 578 82 (565)
84 162 568 81 (560
83 150 558 80 (550
82 156 70 548 77 (5309
81 153 %% 538 73 (505)
80 150 9 528 72 {495}
79 147 81 518 70 (485)
78 144 3 50.8 89 (475)
77 141 27 498 68 (470)
7% 139 5 488 67 (480)
7S 187 &0 478 66 (455}
74 135 4 4638 85 {450)
73 132 E5e 458 &4 {440}
72 30 12 448 63 {435
7 127 4% 4338 62 {425)
70 3 428 61 {420)
60 » 418 60 {415)
B8 35 408 59 {405;
87 a3y 30.8 58 (400}
o at @87 57 (395
5 3% 37.7 56 {385)
54 .7 -
83 357
62 a7
o1 337
&0 27
58 317
58 307
57 207
6 287
55 277
54 267
53 257
52 247
51 287
50 227
49 217
48 207
a7 197
45 187
45 17.7
44 187
43 157
42 147
41 126
40 128
30 176
38 108
a7 08
36 88
35 76
a4 68
S 58
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TABLE 3 Continued

___ Rodkwell Suparficial Hardness

Rockwel B e
Scale, 100- vickers Brinell 00y ““;‘C‘gz" A R“‘Ck"":“ F 7157 Scale, 307 Scale, 457 Scdle.  aporoximate
Kot Load vaer | SETS Hardness, Hardness, gl okt 15-kof S0kt sk Tensile
in. (1.588- 3000-kgf Load,  500-gf Load k! o Load, Load, Load, Strength
Nurnbes Load, Diamond  Load, Yasrin. 46 -in. Py Py
10-mrm Ball and Over ki (MPa)
et Penetrator  (3.586-mm) Ball X 1588 1.588-
mm) Bal___mm) Ball___mm) Bal
a2 83 274 782 o 37.8 48
a1 88 27.0 746 707 37.0 38
30 87 26.6 74.0 704 36.3 28

“ This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. t is passible that steels of various compositions and
procassing histories will deviate in hardness-tensile strength relationship from the date presented in this table. The data in this table shoud not be used for austenitic

stainless steels, but have been shown 1o be applicable for fe

and martensitic stainless steels. The data in this table should not be used to establish a relationship

o
between hardness values and tensile suengm of hard dray) ., Where more precise conversions are required, they should be developed spedially for each steel

composition, heat treatment, and part.

TABLE 4

Hardness

itk Lites

for

Steels € 1o other Hardness Numbers)

Rockwell Superficial Hardness

Rockwel A $alel 8o-kgf
Load, Diamag Pénetrator
b

FRockwall © Scale., 150-kgf
Load, Diamond Penatrator

15N Scale, 15-¥gf Load,

30N Scale, 30-kgt Load,
Diamond Penerator

45N Scale, 45-kgf Load,
Diamond Penetrator

D'amm Pe'?e!rﬁfw

52.1
508
498
48.7
475
46.4
452
441
43.0
418
407
398

shall be such
diameter to 0.1
mm.

as to permit the direct measurement of the
mm and the estimation of the diameter to 0.03

Nors 13—This requirement applics to the construction of (he micro-

not a for

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

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

17.4 Procedure.

17.4.1 It is essential that the applicable product specifica-
tdons state clearly the position at which Brinell hardnes
indentations are to be made and the number of such indenta-
tions required. The distance of the center of the indentation
from the edge of the specimen or edge of another indentation
must be at least two and one-half times the diameter of the
indentation.

17.4.2 Apply the load for 10 to 15
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TABLE 5 Approximate Hardness C Numbers for Steels { B to other Hardness Numbers)
Rockwell B Fockwell Superficial Hardness.
Scale, 100- Brinell Indentation  Binell Hardness,  Rockwell A Scalo, 15T Scale, 50T Scale. 25T Scale,
kof Load, Vie- Diameter, mm 3000-kgf Load, 80-kgf Load, 15-kgt Load, 30-kgt Load, 45-kgf Load,
in. (1.588- o 10-mm Balt Diamond Penstrator Yreein. (1.586- revir, {1,588 herin, {1.588-
mm} Balt mm) Ball mm} Bali mm) Ball
100 379 258 1.5 915 80.4 70.2
29 385 248 80.9 912 79.7 89.2
98 391 240 60.3 208 790 68.2
87 3.8 233 507 90.4 783 67.2
26 4.02 226 9.1 90.1 777 86.1
95 897 770 85.1
94 89.3 %3 84.%
93 88.9 75.6 63.1
02 886 74.9 8z.1
o1 88.2 742 81.1
80 87.8 735 80.1
89 87.5 72.8 59.0
&8 87.1 721 58.0
87 867 714 5.0
88 86.4 0.7 56.0
85 88.0 0.0 85.0
84 8568 89.3 54.0
83 85.2 88.6 52.9
a2 84.9 B7.9 51.9
81 s 845 87.2 50.2
80 3T o84 8.5 49.9

17.4.3 Measure
with Test Method
1744 The Brinell hévﬁt&&ﬁ tost s
materials above 650 e
174.4.1 Ifaballis M‘iqnu-lext ola spwu.nm which shows
a Brinell hardness number ggeq‘gn: g};(\.n thexigmts for the h!\!l as
detailed in 17 the balls shalt*be eithers znq«;\t ‘dnd
replaced with a new ball or remeasured td gnsurt mnNﬂﬂﬂncc
with the recquirements of Test Method E :&I o i

mmended fur‘ i

Laoaieei:
il
S Brinell Hardness Values: Z:::::':t
1 Brinell hardness value 64 Ubiiphbi
number alone because it is nece:  Yweh indenter

and which force has been employed in making the-test. Brinell
hardness aumbers shall be followed by the symbol HBW, and
be supplemented by an index indicating the test conditions in
the following orde
7.5.1.1 Diameter of the ball, mm,
12 A value representing the applied load. kg, and,
1.3 The applied force dwel! time, s, if other than 10 s

1.4 The onty exception to the above requirement is for
the HBW 10/2000 scale when a 10 s to 15 s dwell time is used.
Omly in the case of this one Brinell hardness scale may the
designation be reported simply as HBW.

17.5.1.5 Examples: 220 HBW = Brinell hardness of 220
determined with a ball of 10 mm diameter and with a test force
of 3000 kel applied for 10 5 to 15 5; 350 HBW 5/1300 = Brinell
hardness of 350 determined with a ball of 5 mm diameter and
with a test force of 1500 kgl applied for 10 s to 15 5.

17.6 Detailed P, For detailed requi af this
test, reference shall be made (o the latest revision of Test
Method E16.

b4 18 1 Description:

18.1.7 In this test a hardness value is obtained by determin-
ing 1h;.d(!;ﬂh of 1xncu<nio1\'\5fLdiamnnd point or a tungsten
carbide} B3l into the spedifidn inder cortuin arbitrarily fixed
conditions A minor load & §§ ket is first applied which causes
an immt Tenetration, §Q87 me_pmumlm on the material and
holds it in pbiigion. A ma]ﬁildad which depends on the scale
being used is applied incecesing ihe depth of indentation. The
major load is removed and, with the minor load still acting, the
Rockwell number, which is proportional to the difference in
on between the major and minor loads is determined:
this is usually done by the machine and shows on a dial, digital
display, printer, or other device. This is an arbitrary number
which increases with increasing hardness. The scales most
frequently used are as follows

Scale Major Minor
Syt Penetrator Load, Load,
! P kgt
B “hein. tungsten carbide ball 100 10
c Diamond brale 150 10
18.1.2 Rockwell superficial hardness machines are used for

the testing of very thin steel or thin surface layers. Loads of 15,
30, or 43 kgf are applied on a tungsten carbide (or a hardened
steel) ball or diamond penetrator, to cover the same range of
hardness values as for the heavier loads. Use of a hardened
steel ball is permitted only Tor testing thin sheet tin mill
products as found in specifications A623 and AS23M using
HRIST and HR30T scales with a diamond spot anvil. (Testing
of this product using a tungsten carbide indenter may give




TABLE 6 Brinell Hardness Numbers*

Ay As7o-14

(Ball 10 mm in Diameter, Applied Loads of 500, 1500, and 3000 kgf)

Diameter Brinell Hardness . Brinell Hardness. Diameter  Brinell Hardness y Brinall Hardness.
of Indenta- urmber Diametor Number of Number D‘ﬂmf'e' jumber
tion, M “500. 1500~ 3000~ indenta. 500 1500- 00-  Indente oo Tmpe ogpe. O 1500- 3000~
tion, mm

kgt kg kg o, mm K& kot kot g kgt kgt Kt g mm  Kef ket ket
Load Load Load Load Load Load load Load Load load Load Load
158 473 945 325 586 178 352 450 208 893 178 575 175 525 105
158 468 936 3.28 583 175 350 451 206 888 178 576 174 23 105
154 463 926 327 579 174 347 452 205 884 177 577 174 521 104
153 880 178 578 17.3 518 104
151 72 517 103
150 7.2 515 108
48 174 518 103
47 170 SL1 02
148 170 509 102
144 169 507 101
143 168 505 101
141 168 503 101
140 17 502 100
139 167 500 99.9
1a7 166 498 995
136 165 498 092
135 165 494 988
134 164 492 984
182 163 490 080
31 183 488 9n7
130 162 487 973
120 162 485 989
128 161 483 968
126 180 481 982
125 160 479 953
124 156 47T 955
123 TEEe fa85% 450500 159 478 951
122 segensb 1tTASRIlller 158 474 948
121 5 3538282404 157 472 944
120 3biesvin2 157 470 941
119 [3-- 30487 K] 156 468 93T
118 368 156 467 934
57 sbiiisiass 55 465 930
16 3.58°7 ] 1480 154 463 @27
15 344 8 358 477 154 462 923
"4 3m1 ea2 sy ‘47s, 153 460 920
13 338 676 3L, 7R 153 458 917
12 335 670 363 0 et o600 152 457 913
111 232 665 3 DRgde: vl 152 455 910
110 330 889 36454 a0 151 453 908
109 a7 653 38523300 157 452 903
108 az4 648 365 sy 150 450 900
w07 a2 643 367 466 149 448 898
08 319 837 368 454 149 44T 893
ws a6 e aes 451 148 445 890
0e 313 627 370 449 47 443 8a7
we  B1 o e21 371 446 147 442 883
w03 208 618 a7z 444 147 440 880
w2 %06 611 373 44 146 438 877
w01 308 608 374 439 148 437 874
100 801 601 3.75 438 45 485 871
994 208 597 376 434 145 434 867
%86 206 502 877 481 144 432 864
978 294 587 378 429 144 431 861
971 21 se 379 427 143 429 858
963 200 578 880 424 142 427 855
955 287 578 3.81 22 142 426 852
948 284 569 382 420 141 424 849
940 282 564 383 417 141 423 848
933 280 580 384 415 140 4zi 843
%26 era 555 385 413 140 420 840
918 276 551 386 411 139 418 837
s11 273 547 387 409 189 417 834
904 271 543 388 408 138 415 831
897 260 538 380 404 138 414 828
890 267 534 390 402 187 412 825
884 265 530 agt 40.0 187 411 822
87.7 283 528 392 9.8 136 409 819
87.0 261 S22 398 208 136 408 816
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TABLE 6 Continued

Diameter Brinell Hardness Brinell Hardness Diameter  Brinell Hardness . Brinell Hardness
of Indenta- umber Diamoter Number of Nurmber Diameter  Number

fion. MM “500. 1500~ 3000- lndgmav 500 1500- 3000 Indenta- “505."1500- 000- ,ndzm, §00- 1500 2000
kgt kgt gt tion, mm kgt kgt kgt tion, mm kgt [ tion, mm kgt kgt
Load Lload Load load Load Load load Load Load load lLoad Load
260 864 259 518 3904 204 18 206 519 219 658 132 544 135 406 813
270 857 257 514 3.95 204 17 285 520 218 855 131 6.45 135 405 810
271 851 255 510 3.96 389 17 234 521 217 652 130 6.46 134 404 807
272 B4 843 130 647 134 402 804
273 838 847 129 6.4 134 401 801
274 83.2 844 120 6.49 133 3.9 798
275 826 841 128 650 133 308 798
27 819 839 128 651 182 86 793
277 813 836 127 652 132 395 790
278 80.8 &3 127 653 181 294 787
279 2.2 831 128 654 131 392 784
280 79.6 628 126 655 we 891 782
281 79.0 826 125 656 130 989 780
282 784 623 125 657 129 388 776
268 779 e2.1 124 658 129 387 7783
284 773 818 124 650 128 385 71
285 768 815 128 6.60 128 384 788
288 762 813 123 661 126 383 765
287 757 810 122 o6z 127 881 762
288 75.1 s0.8 122 663 127 380 760
289 746 606 121 664 126 379 757
290 74.1 803 121 665 126 377 754
291 736 601 120 6.66 125 o768 752
292 730 598 120 567 125 375 749
293 725 506 119 868 124 87.3 747
294 729 503 110 569 124 372 7es4
295 715 s0.1 118 670 124 a7.1 741
298 710 589 18 671 123 369 739
297 705 586 117 672 123 368 736
298 70.4 584 17 673 122 37 734
299 89.6 582 116 674 122 366 731
300 89.1 578 118 75 121 364 728
301 886 577 1871, 676 21 383 728
302 88.2 575 ISt 30 677 121 362 7238
303 or7 572 FMess 678 120 360 721
3.04 7.5 14 570 (itdails 679 120 359 718
305 86.8 401 N L mEey S314e 189 568 LItEIY, 680 e 358 7L
306 864 199 308 4330, 326 WBes 196 5561 VB9 566 HBees 681 19 367 713
3.07 85.9 198 395 433308 al 1y 198 557 BPLLE63  1iBly,.. 682 1.6 355 711
308 655 196 303 433500 wRG P 0BE 104 558 187 561 HERt o683 1.8 354 708
800 850 195 390 43830 isRhiiibe 103 559 186 8§59 12 684 18 353 706
310 848 194 388 4357 sppL NS 192 560 186 857 11 685 17 352 704
a 642 193 385 436 \eM@ e 055 191 561 185 555 11t 6.6 7o asi 7t
312 838 191 383 437 AY 950 190 562 184 552 110 687 1.6 349 699
313 833 190 380 438 315 945 189 563 183 850 110 688 16 348 698
314 20 189 378 439 314 041 188 564 183 548 110 6.80 e a7 694
315 625 188 875 4.40 312 938 187 565 182 546 100 690 1.5 346 692
218 621 186 378 2.41 a1 032 186 566 181 544 109 6.1 15 345 689
317 617 w5 370 442 309 927 185 567 181 542 108 892 1.4 343 687
318 613 184 368 443 308 923 185 s.68 180 540 108 693 1.4 342 684
319 609 183 866 444 306 018 184 5.69 179 537 107 694 14 341 682
320 605 182 363 4.45 205 914 183 570 178 535 107 695 13 340 680
321 804 180 361 4.46 303 910 182 571 178 533 107 696 1.3 339 677
322 508 179 359 447 202 905 181 572 177 881 108 6.7 13 338 675
323 504 178 356 4.48 200 901 180 573 176 529 108 6.98 12 336 673
324 500 177 354 4.49 209 807 179 574 7.6 527 108 6.99 12 335 670

“ Prepared by the Engineering Mechanics Section, Institute for Standards Technology.
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significantly different results as compared to historical test data
abtained using a hardened steel ball.) The superficial hardness
scales are as follows:

Major  Minor
SSC“;’L; Penetrator load,  Load,
¥ gt Kot
15T Vie-in. tungsten carbide or steel 135 3

balt
30T Yae-in. lungsten carbide or steet 3¢ 3
48T Vas-in. lungsten carbide ball 45 3
15N Diamond brafe 15 3
30N Diamond brale 30 3
45N Diamond brale 45 3

18.2 Reporting Hardness—In recording hardness values, the
hardness number shall always precede the scale symbol, for
example: 96 HRBW, 40 HRC, 75 HR15N, 56 HR30OTH, or 77
HR3OTW. The suffix W indicates use of a tungsten cAf8itle ball.
The suffix S indicates use of a hardened steel ball &3 ididsd
in 18.1.2. aeataiiiiy

18.3 Test Blocks—Machines should be cBEG to ik
tain they are in good order by means s standardizéd:
kwell test blocks. B3y '

184 Detailed Procedure—For detailed re§iirements of this

test, reference shall be made to the latesterevigions é\E:’Eo_sg:

Methods E18.

19. Portable Hardness Test 191394

19.1 Although this standlard; §eaemilys pIabEs 3A6 Use of
fixed-location Brinell or Rock$1% rdpg$s Idst Wedthods, itis
not atways possible to perfdrhf 18¢ hatdne$t &3 Dsing such
equipment due to the pass$itd s location, St Jogistical
reasons. In this cvent, hiklneds festing using? péddble equip:
ment s described in Test Methorls 2936, A 1638 xmel E10 shalf
be used with strict compliance 8¢ (idting the 385t resulig §q
accordance with the selected stahlihid (see gxambles bl
Standard Practice A$33 may be used, althdugh it migh hbl
always be suitable as a criterion for acceplonts lor; Eddda
since Practice AS33 does not contain a pracigionsand whias
statement.

19.1.1 Practice A833—The measured hardnt$s $humber
shall he reported in accordance with the standard mithods and
given the HBC designation followed by the comparative test
bar hardness to indicate that it was determined by a portable
comparative hardness tester, as in the following cxample:

19.1.1.1 232 HBC/240 where 232 is the hardaess test result
using the portable comparative test method (HBC) and 240 is
the Brinell hardness of the comparative test bar.

19.1.2 Test Method AS5E

19.1.2.1 The measured hardness number shall be reported in
accordance with the standard methods and appended with a
Leeb impact device in parenlhesis to indicate that it was
determined by a portable hardness tester, as in the following
example:

(1) 350 HLD where 350 is the hardness test result using the
portable Leeb hardness test method with the HLD impact
device.

19.1.2.2 When hardness values converted from the Leeb
number are reported. the portable instrument used shafl be
reported in parenthe:

ve

ssesissan

Teesvsn

(1)350 HB (HLD) where the original hardness test was
performed using the portable Leeb hardness test method with
the HLD impact device and converted to the Brinell hardness
value (HB)

19.1.3 Test Method A1038—The measured hardness number
shall be teported in accordance with the standard methods and
appended with UCI in parenthesis to indicate that it was
determined by a portable hardness tester, as in the Tollowing
example:

19.1.3.1 446 HV (UCIH 10 where 446 is the hardness test
result using the portable UCT test method under a force of 10
kgf.

él‘).l.4 Test Method £110—The measured hardness namber
shall be reported in accordance with the standard methods and
appended with a /P to indicate that it was determined by a
portable hardness tester, as follows:

19.1.4.1 Rockwell Hardness Example

{1} 40 HRC/P where 40 is the hardne:
Rockwell C portable test method.

(2} 72 HRBW/P where 72 is the hardness test result using
the Rockwell B portable test method using a tungsten carbide
ball iddenter.

23190042 Brinell Hardness Examples:

"B HBW/P 1073000 where 220 is the hardness test
:gsull:é.si:nés@é Brinell portable test method with a ball of 10
mm digpeier and with a test force of 3000 kgf {29.42 kN)
applidd o 10 s to 15 5.

. 2428350 HBW/P 5/750 where 350 is the hardness test result
\lﬁ!}'n‘g:ﬂie Brinell portable test method with a ball of 5 mm
+ lamdter and with a test force 0f 750 kgf (7.355 kN) applied for

10st015s.

test result using the

“131CHARPY IMPACE ‘TESTING

20. S\lmpiz}l%w:‘

2(7.]‘:4::(:);3!1»}' V-noteh l;;mq test is a dynamic
which a hotchelll §geimen is;4tygk and broken by a single
blow in a specially designed Yesting machine. The measured
test values may be the energy absorbed, the percentage shear
fracture, the lateral expansion opposite the notch, or a combi-
nation lhereof.

test in

20.2 Testing temperatures other than room (ambient) tem-
perature often are specified in product or general requirement
specifications (hereinafter referred fo as the specification).
Although the testing emperature is sometimes related o the
expected service temperature, the two temperatures need not be
identical.

21. Significance and Use

21.1 Ductile vs. Brittle Behavior—Body-centered-cubic or
feri alloys exhibit a significant transition in behavior when
impact tes 3 s. At lemperatures
above t i

tively large amounts of energy. At fower emper:
fracture in a brittie (usually cleavage) manner absorbing
appreciably less energy. Within the transition range, the frac-
ture will generally be a mixture of are;
brittle fracture.

o
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e

2 The temperature r:

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

1.2.1 The spec on may require a minimum test result
for absorbed energy. fracture appearance, lateral expansion, or
a combination thereof, at a specifled test temperature.

21.2.2 The specification may require the determination of
the transition temperature at which either the absorbed energy
or fracture appearance attains a specified level when testing is
performed over a range of temperatures. Alternatively the

pecification may require the determination of the fracturc
appearance transition temperature (FATTn) as the temperature
at which the required minimum percentage of shear fracture (1)
is obtained.

It
3 Further information on the significance of ifphét
tesling appears in Anniex AS. RSt
L
22. Apparatus reer 2
I
e

22.1 Testing Machines:
22.1.1 A Charpy impact machine is one in wl\!dﬂhu(chul
specimen is broken by a single blow of a nc«,{y Swinging

arrreenel

beam at a precise location. The fixtur nged so that the
notched face of the specimen is vertical. The pendulum strikes
the other vertical face directly opposite the notch. The dimen-
sions of the specimen supports and striking edge shali conform
] I .

l 3 Charpy machines osed for testing steel generally
hd\u capaci in the 220 to 300 ft1bf (300 to 400 J) energy
range. Sometimes machines of lesser capacity are used:
however, the capacity of the machine should be substantiaily in
excess of the absorbed energy of the specimens (see Test
Methods E23). The linear velocity at the point of impact should
be in the range of 16 to 19 /s (4.9 to 5.8 m/

Note 14—An investigation of striker radius effect i

loble.®
2 Temperature Media:

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

3312222 Low temperature media usually are chilled fiuids
&uch as water, ice plus water, dry ice plus organic solvents. or
+Réuid nitrogen) or chilled gases.

23 Elevated temperature media are usually heated lig-
uids \pgb t\ﬁw\u al ot silicone oils. Circulating air ovens may

pendutum. The pendulum is released from a fixed I‘m«vhl Sincera? -U& ““«4 3854 : il

the height to which the pendulum is rais sy, """32‘ Tongs, especially adapted to fit
and the mass of the pendulum are known, uw;:-enqmy'qi‘ ot 28 Jhes hdbtch o2 m |mp( t specimen, normally are used for

blow is predetermined. A means is pxo:ﬁui:m mdmﬁ, [UCEees

energy absorbed in breaking the spu,lf!'”"

feovi n{.iM Epdéimens from the medium and placing them on
the anvids@éhor to Test Methods In cases where the

22.1.2 The other principal
el
(See 10) designed to suppmlu-lulupcolmcn e

f Strike
L rad.

(0.039") a0 mm (1.574")

SPECIMEN
Center of
Steke (W/2)
Spacimen

Al dimensional tolerances shall be +0.08 mm {0.002 in.} unless otherwise
specified.

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

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

Note 3—Finish on unmarked parts shall be 4 um (125 gin.).

Note 4—Tolerance for the striker comer radius shall be -0.05 mm (.002
0.)/+0.50 mm (0.020 in.)

FIG. 10 Charpy (Simple-Beam) tmpact Test

machi does not provide for automatic centering of the
test gx'qvgvm the tongs may be precision machined to pwde
cemering.

23. Sampling muf!\'umber of §)

': 23.1 Snmplm foee

s —m be m;,_ smw as :mgv, for ‘h% .Ipwh( Apmmux and the
orientation shall be longitudinal WitH the fioteh perpendicular
to the major surface of the product being lested.

23.1.2 Number of Specimens.

23.1.2.1 All specimens used for a Charpy impact test shall
be taken from a single test coupon or test location.

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

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

23.2 Type and Size:

23.2.1 Use a standard full size Charpy V- no{ch specimen as
shown in Fig. 11, except as allowed in 23.2.2.

23.2.2 Subsized Specimens.

23.2.2.1 For flat material less than %6 in. {11 mm) thick, or
wihen the absorbed energy is expected to excoed 80 % of fall
scale, use standard subsize test specimens.

23.2.2.2 For wbular materials tested in the transverse
direction, where the relationship between diameter and wall

4 Supporting data have been fled at ASTM International Headquarters and may
e obtained by requesting Rescarch Report RR:AD1-T001.
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b |

Iy g E 2 mm (967910 = gzsam
510 1 red.
10 mm
] LT, 2
- ) H
@i oy e

ible variations shall be as follows:

90 £2°
90° £ 10 min

+0.075 mm (:0.003 n.)
+0,~2.5 mm ( +0, - 0.100in)
«1 mm (20,039 in.)

10

Norz 1—Permi

Notch fength to edge
Adjacent sides shall be at
Cross-section dimensions
Length of specimen (L}
Centering of notch {L/2)

Angle of notch
Radius of roteh 40,025 mm (£0.001 in)
Notch depth £0.025 mm (20.001

Finish requirements 24m (63 in,) on notahed surtzog am,

Smm'lit

s

2.5 e . 6.7
i( i(o 130 m) Em in) ( 54
. 3
10 *
T & l] L] B

b Loameosny

eauares

Nore 2 On subsize specimens. all dimenseans ond taleranecs of the

standard specimen remain constant with g 2¥cepudl $Lbd #idh, which
varics as shown above and for whicht 8 Ytrande'sha) bR 24T .
1433

(8) Standard Subsiis $pecimons

FIG. 11 Charpy (Simple Eeanl)‘}io{aii'{ st Spechmens
b et
BHNS
15

thicknes:
standard s bmi/c test spccimens or sl,:\mlim'l E
-ontaining outer diameter (OD) curvature as fo

(1) Standard size specimens and subsize spegimarnss pray
contain the original OD surface of the tubular pmdum%’s}mwn
in Fig. 12. Al other dimensions shall comply mm the
requirements of Fig. 1.

Note 15—For materials with toughness levels in excess of about 50
fi-dbs, specimens containing the original OD surface may yield values in

excess of those resulting from the use of conventional Charpy specimens,

23.2.2.3 If a standard full-size specimen cannof be prepared,
the largest feasible standard subsize specimen shall be pre-
pared. The specimens shall be machined so that the specimen
does rot include material nearer to the surface than 0.020 in.
(0.5 mm).

23.2.2.4 Tolerances for standard subsize specimens are
shown in Fig. 1. Standard subsize test specimen sizes are:

10x7.5 mm, 10x67 mm, 10x35 mm, 10x33 mm, and
10x2.5 mm.
23.2.2.5 Notch the narrow face of the standard subsize

specimens so that the notch is perpendicular to the 10 mm wide
face.

3 Nofch Preparation—The machining (for example,
milling, broaching, or grinding) of the nolch is critical, as
minor deviations in both notch radius and profile, or tool marks
u\l the bottem of the notch may result in variations in test data,
3! particularly in materials with low-impact energy absorption.
H(See Annex

Qilhl atmn

Calibrate and adjust Charpy
aifings in accordance with the requirements of Tost

speciiddiion or purchaser, control the temperature of the
hodt &r cooling medium within £2°F (1°C)
" Noms 16—For some sicels there may nof be a need for this restricted

temperature, fasexample, austenitic stedls,
hhifse the temperaturd 6 & 4e3ting Jaboratory often varies

Note 17—Befadse
from 60 to 90°F3(J% %0 32°C) a test t&fdicted @ “room temperature”
might be it or any tempoigld A e range.

26. P‘rucedlll"e Y. i
sitie

26.1 Temperatire:
26.1.1 Condition the specimens to he broken by holding
them in the medium at test temperature for at least 3 min in
tiquid media and 30 min in gaseous media.
26.1.2 Prior to each test, maintain the tongs for handling test
specimens at the same temperature as the specimen so as not (o

affect the temperature at the aotch.

~——B % A } B
T -
l t
1
Dimension Description
A Machined Surface 28 mm Minimum
8 Original OD Surface 13.5 mm Maximum
T Specimen Thickniess Figure 11
3 End Thickness Y2 T Minimum

FIG. 12 Tubular Impact Specimen

Containing Original OD Surface

20
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26.2 Positioning and Breaking Specimens:

26.2.1 Carefnlly center the test specimen in the anvil and
release the pendulum fo break the specimen.

2622 I the pendulum is not released within 3 s after
removing the specimen from the conditioning medium, do not
break the specimien. Return the specimen to the conditioning
medium for the period required in

26.3 Recovering Specimens—In the event that fracture ap-
pearance or lateral expansion must be determined, recover the
matehed picces of cach broken specimen before breaking the
next specimen.

26.4 Individual Test Values:

26.4.1 Impact energy—Record the impact u\m&;/ 114)1 Dl.d
to the nearest ft1bt (J). i

70 - 14

sure that the protrusions being measured are not rubbed during
the removal of the burr.

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

26.4.3.5 Since the mmlm(, pdth seldom bisects the point of
maximum expansion on both sides of a specimen, the sum of
the larger values measured for each side is the value of the test.
Arrange the halves of one specimen so that compression sides
are facing each other. Using the gauge, measure the protrusion
on each hall specimen, ensuring that the same side of the
specimen is measured. Measure the two broken halves indi-
vidually. Repeat the procedure to measure the protrusions on
the opposite side of the specimen halves. The larger of the two
\'a]\lcs for each side is the expansion of that side of the

26.4.2 Fracture Appearance: ST
26.4.2.1 Determine the f of sheariifacttre arca’lyy |

any of the Tollowing methods:
(1} Measure the length and width of the blm]h pomon of the
fracture surface, as shown in Fig. i3 and (klufmm the pewhl«

shear area from either Table 7 or Table § Elx,pz.ndl ﬁé :«36 155 ::
anits of measurement. oo sasasaessansanes
W30 RIRIIIIIIIINN

268036 Measure the individual lateral expansion values fo
b (54 n:zm:suml {0.025 mm} and record the values.
* 7+ With the exception described as foliows, any speci-
doesnot separate into two picces when struck by a
ngle h;mwslmll be reported as unbroken. The lateral expan-

(2) Compare the of (hg

with a fracture appearance Lhcul;‘ﬁ.suﬁ;wqjq ﬁ; 35“ |

(3) Magnify the fractwre ShIfd8” agdifdddile it to a
precalibrated  overday charts b sdbasdie” '{ﬁ )Mrbcnl shear
fracture area by means of & plibheter. :. Ll

(4) Photograph the !r.ume( sum 2 at \'S‘U‘lm!);(. magnifi-
calion and measure the putygq ;mq fracture; @ygw means og
a planimeter. “""“‘ B

26.4.2.2 Delermine the mdn*\dﬁﬁl’ fhcture dmwb’.’lr.mu.vﬁt
ues to the nearest 5 hear fracture and mmld he vaJum:.

26.4.3 Lateral Expansion: i; ':' ’

26.4.3.1 Lateral expansion is the mc\cﬂw-m' g)uzvmm
width, measured in thousandths of an incht JEHEDS XY the
compression side, opposite the notch of the ﬁmpm Charpy
V-notch specimen as shown in F

26.4.3.2 Examine each specimen half to ascertain that the
protrusions have not been damaged by contacting the anvil,
machine mounting sucface, and so forth. Discard such samples
since they ma ise erroneous reading:

26.4.33 Check the sides of the specimens perpendicular to
the notch to ensure that no burrs were formed on the sides
during impact testing. Tf bures exist, remove them carcfully by
rubbing on emery cloth or similar abrasive surface, making

n.

. ,unbj oken can be reported as broken if the
spad M can be separated by pushing the hinged halves
(45308 once and then pulling them apart. without further
< ddding the speci and the lateral for
** fhe unbroken specimen (prior to bending) is equal to or greater
than that measured for the separated halves. In the case where
a spuumcu‘c‘mnu\ be separpteck jgro two halves, the lateral
expansion ¥ahtbe measured WS%ibhg as the shear lips can be
d M¥bout interferadedt frhin the hinged ligament that
has been (liomisd dlllmi. festihgs
Tt - .

27. Interpretatmll of Test Result

ac

27.1 When the acceptance criterion of any impact test is
specified to he a minimum average value ai a given
temperature, the test result shall be the average (arithmetic
mean) of the individual test values of three specimens from one
test location.

27.1.1 When a minimum average test result is specified:

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

(1} The test result equals
average {given in the spe

or exceeds the specified minimum
cation),

Notch

Shear Area

(aull) =}

Cleavage Area
{shiny} ——ee I

¢

Note 1—Measure average dimensions A and B to the nearest 0.02 in. or
Note 2—Determinge the percent shear fracture using Table 7 or Table 8.
FIG. 13 Determination of

21
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0.5 mm.

Percent Shear Fracture
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TABLE 7 Percent Shear for Measurements Made in Inches

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

Dimen- Dimension A, in.
s [oos JotoJosa o [ ote [ om [ox [ o2 | o2 [oz6 [o028]os0] 032 oss | oss [ 038 [ o040
005 | 98 | o6 | 05 | o4 | o4 9 92 91 90 9 | ss | a8 87 86 85 85 | 84
010 | o8 | o2 | o0 | 8 | e7 85 84 a2 81 79 77 | 78 7 73 71 8 | e
012 | o5 | % | s | 8 | 5 8 81 78 77 s | 73 |7 89 67 85 ss | e1
014 | 94 | 80 | 86 | 8¢ | 82 80 77 75 73 71 68 | 66 84 62 59 s7 | s
016 | o4 | 87 | &5 | @ | 70 77 74 72 69 57 | 84 | 1 59 56 53 51 48
018 | 93 | s | e | s | 77 74 72 68 65 ez | so | se 54 51 48 5 | a2
020 | o2 | 8¢ | &1 | 7w | 74 72 68 &5 61 8 | s5 | se 48 45 42 38 | s
022 | ot { &2 7o 75 | 7 &8 65 61 57 s¢ | so | a7 43 40 36 33 | 20
024 | 90 | &1 | 77 | | e 85 81 57 54 s0 | 46 | 42 38 3 30 27 | 28
026 | 90 | 7@ | 75| 71 67 62 58 54 50 a6 | a1 37 a3 26 25 20 16
o8 | 80 | 77 | 73 | e | e 59 55 50 46 41 a7 | a 28 23 18 14 0
osc | 88 | 7 | 71 | 68 | 61 56 52 a7 42 a7 | a2 | ow 23 18 13 9 3
031 | 88 | 75 | 70 | &5 | e 55 50 45 40 35 30 | 25 20 18 10 5 o

(3N
TABLE 8 Percent 8hédr bk Measurements Made in Millimetres
ETEeEIteten
Nots 1—Since this table is set up for finite measuromeats oF dinonsions A and B, 100% shear is to be reported when cither A or B is zero.
Dimen- savees aewseDimension A mm
son 10 3pris40  as‘iEo 55 80 85 70 75 80 85 90 95 10
B,mm b
10 %0 3Tes o1 91 9 @ 8 88 88
15 98 92 7 e 8 84 63 82 81
20 08 %0 @ 81 8 79 77 78 75
25 97 ® 78 72 70 6
30 9 8 74 6 84 62
35 9% 124 69 61 58 56
40 95 5 65 E
45 9 b 61 49 4 a4
50 94 b4 56 44 41 a7
55 93 2 s2 3 3 31
80 92 ¥a a7 a3 2 25
8.5 92 -4 43 27 23 19
7.0 a1 & a 21 17 a2
75 91 12 3 FLI} 6
8.0 %0 [l = 30 1 5 o
o wi 3
14 1 .
I3 I :
b9y 14 .t
. . 41
{2) The individual test value for not mmnh.m m\e-‘:pm.y' 27.2.2 ?."If b:msmnn tefiipeidtite is specified as the tem-

men measures less than the specified mmmmm
{3) The individual test value for any ‘PQQ‘I‘I%I’!&W’Y
not less than two-thirds of the specified minimidvdde
275,12 1f the acceptance requirements of 271 L33dre not
met, perform one retest of three additional specimenstfrom the
same test location. Each individual test value of the retested
specimens shall be equal to or greater than the specified
minimum average value.

&

27.2 Test Specifyving a Mininmum Transition Temperature:

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

27.2.2 Determination of Transition Tempe

27221 Break one specimen at cach of a serics of tempera-
tuees above and below the anticipated transition temperature
using the procedures in Section 26. Record each test iempera-
tare to the nearest 1°F (0.5°C).

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

pudlulc'al whichs astest vd—!n »achieved, determine the
temperature at which the plotted curve infersects the specified
test value by graphical interpolation (extrapolation is not
permitied). Record this transition temperature to the nearest
5°F (3°C)y. I the tabulated test results clearly indicate a
transition temperature lower than specified, it is not necessary
to plot the data. Report the fowest test temperature for witich
test value exceeds the specified vatue.

27.2.2.4 Accept the test result if the determined transition
temperature is equal to or fower than the specified vatue.

2.5 If the determined transition temperature is higher
than the specified value, but not more than 20°F (12°C) higher
than the specified value, fest sufficient samples in accordance
with Section 26 to plot two additional curves. Accept the test
results if the temperatures determined from both additional
tests are equal to or lower than the specified value.

3 When subsize specimens are permitted or necessary, or
both, modify the specified test requirement according to Table
9 or test temperature according to ASME Boiler and Pressure
Vessel Code, Table UG-84.2, or both. Greater energies or lower
test temperatures may be agreed upon by purchaser and
supplier.






BILL OF MATERIAL

] oescreTion NATERIAL AVD SIZE
+ [T 5 172 [sree sae 1015 1020

1 [BASEPLATE 7x 4 x 3/4_| STEEL SAE 1015-1020
1 [PAD 6:1/4 x 312 x 1/16 | RUBBER
SCREW — SocKeT

s

i

[ Pl K STEEL 1420 % 1" LG,
- PO STEEL 1420 x94° LG,
. 1oL noicaToR seEnoTe )

' H &

oo :

o H

H . Leses

oo . Pt

H < RIS

|

|

‘SEE DETAIL B —

~No.2 smuzgw coumcr POINT

06 R (TYP)

DETAIL B (ENLARGED)

DErAILA ENMRGED)
SEE DETAIL A

DRILL & TAP 1/4 - 20NC -2
DRILL (.281) DIA.

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

e
\\\\H\\é )

iy
AT 2.) DIAL INDICATOR- STARRETT NO, 25-241
g ) RANGE .001 - .250
% DRILL(.281) DIA. & C'BORE BACK - ADJUSTABLE BRACKET
AFTER ASS'Y. OF ITEMS x & 2, csmsm DRILL (.437) DIA. @ (:437) DIA. x .31 DEEP CONTACT POINT NO.2

RUBBER PAD (ITEM 3) T
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TABLE 9 Charpy V-Notch Test Acceptance Criteria for Various Sub-Size Specimens

Full Size, 10by 10 mm % Size, 10by 75 mm 35 Size, 10by 67 mm v Size, 10by 5 mm 5 Size, 10 by 33 mm v Size, 10 by 25 mm
fiot 1] [ 7] ftiot 7] flot [©] ot [ bt @]
40t 154 30 {41} 27 7] 20 1271 13 [18] 10 [14]
35 {48} 26 18] 23 1] 18 {24] 12 [16] s f12]
30 1] 22 {30] 20 {271 15 {20] 30 f14] 8 ]
25 134 19 126] 17 {23} 12 116] 8 ] 8 18]
20 {27] 15 {20} 13 {18] 10 14 7 [0 5 7

16 122] 12 116 " {15} 8 1] 5 7] 4 5]
15 {20} 1 {15 10 13 8 1] 5 ] 4 5]
13 118} 10 {14 ° 12 8 18] 4 5] 3 ]
12 {18} 9 112} 8 f11] & 8] 4 5] 3 4]
10 114 8 ] 7 110} 5 7 3 ] 2 3]

7 {19 s ] 5 ] 4 5] 2 3] 2 3

ANNEXES

mrlfmdauu-y Ifprmation)

AL ‘\’U&FL B}\ZR 'ERODL ICTS

ALl Scope _",--: ¥ zes of rounds, squares. hexagons, and octagons under
ALLI This annex C(m(;\}l;s. 3“@%!‘%‘“@“"‘“* lm Steel -+ 3210 (13 mm) in diameter or distance between paraliel llu_u
Bar Products that are spe@ifipa0ethe 198294t The 21188 for other bar-size sections, other than flats, less than 1 in.°

ectional area.

contained in this annex4rd SHppletieriiy 6 those found in m«:"'(‘("h mm?) in cros
goneral section of 1‘1”‘3 pELification. Thadikd case of conlf®C"" Ay 39 asioy Steel Bars—Alloy steel bars are usually not
between requiremer st)m\mlul in lhwam«m and l!\u<c lound tested, iy the as-tolled condicion.

in the general su.mm«'l'ﬂ:n cific: t .

this aanex shall pru'a; yonflict p;lw«.m 3, When l«.n\mn lﬂls are specified, the practice Tor
requitements provided m“ﬂl$ :mm dn(] lcqnhumn.zs fdund in scjs,qmw iul specimgns, fqrhm rolled and cold-finished steel
product specilications, the n,qu!runcnis fﬂuﬂd m.ﬁ]é }Smduu bJr;,ol various sizef $hallthe in accordance with Table AL1,
specification shall prevail. qu]ess mlmj.w:lx speci l"'ﬂ-m thu product specifi

ation.

AL.2 Orientation of Test Spccimens.

A1.2.1 Carbon and alloy steel bars :md b{l\ﬁb’b shapes, due
to their relatively small cross-sectional difitd$ions, are cus-
tomarily tested in the longitudinal direction. In special cases
where size permits and the fabrication or service of a part
justifies testing in a transverse dicection, the selection and ALS Hardness Test
location of test or tests are a matter of agreement between the
manufacturer and the purchaser. AL3.1 Hardness Tests on Bar Products—Nats, rounds,
squares, hexagons and octagons—is conducted on the surface
after a minimam removal of 0.015 in. to provide for accurate
AL3.1 Carbon Steel Bars—Carbon steel bars are not com-  hardness penetration.
monly specified to tensile requirements in the as-rolled condi-

Al4 Bend Test

AT4.1 When bend tests are specified, he recommended
practice for hot-rofled and cold-finished steel bars shall be in
accordance with Table A1.2.

A1.3 Tension Test

25
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TABLE At1.1 Practices for Selecting Tension Test Specimens for Steel Bar Products

Nots 1—For bar sectior difficult to determine the Larca by simple the arca in squaze inches nxay be caleutated
by dividing the weight per linear inch of specinen in pounds by 02833 (weight of 1 in.? of steel) 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
Fats
Under % (16 Up'to 1% (38). ndl Full section by 8-in. (200-mm) gauge Wil Tediced section to 2-n. (S0-mm)
tength {Fig. 3). gauge length and approximately 25% less.

Over 1% (38) Ful section, or mill to 1% in. (38 mm)

wide by 8-in. (200-mm) gauge length (i

than test specimen width.
Mif reduced sectior: to 2-in. gauge length
and 132 in. wide.

3).
Full section by 8-in. gauge length or ma-
chine standard % by 2-in. (13 by 50-mm)
gaiige length specimen from center of
section (Fig. 4).

Up to 1% (38), indl Mill reduced section to 2n. (S0-mm)
gauge length and approximately 25% less
than test spacimen width or machine stan-
dard % by 2-in. (13 by 50-mm) gauge
fength specimen fram center of section
(Fig. 4).

Mill reciuced section to 2in. gaugs length
and 1% in. wide or machine standard

55 10 112 (16 10 38),
excl

Over 1% (36} Full section, o mill 1% in. {38 mm) widthy
Ay Blin. (200-mm) gauge fength (Fig. 3} or
emachine standard 1% by 2-in. gauge (13 by 2-in. gauge length specimen from mid-
mysbmﬁ)gsuge length spacimen from way between edge and center of section
edge and center of sec- (Fig. 4).

!I s@dr{t&/a in. {200-mm} gauge
a 'Iengih orrsachine standard ¥ by 24n.
137 (13 by 50-nb] gaugs length spacimen
:v fom T)'away batweg surge and center

1% (38) and over Machine stardard ¥ by 2-n. (13 by 50-
mm) gauge length specimen from midway

between surface and center (Fig. 4).

eressean.

Rounds, émres:«@w;ons sadCaagons

bl Ro:wﬁ Bi

Diameter o Distance
Between Pavaliel
Faces, in. {mm)
Under %

Cold-Finished Bars

thortm p-(;qrmm) gauge tength or'rgq- T Tiaching 1o sub-sizs spesimen (75 9
b9 aiwen (Fig. 4).

secﬁé By d{)~mm) qauige lengit} 6r.r§ ]
ine s(andard"ﬁa' by 21n. (13 by S0-m pauge
veauus areficimsaenter of section (g 4).

1% (38) and over e i 'Fyl! section by'g: B2 Q0-mm) gauge length or ma-

% 10 1% (16 to 38}, excl

Machine standard % in. by 24n. gauge length specimen
from center of section (Fig. 4).

pod4 Wachine standard v in. oy 2in. (13 by 50-mm gauge length
311 ohine slandard s by 24n. (13 by 60-mm) gadge -3¢ pocimon fom midway betwgon surlace and center of sec-

* 532 3ebtispecimdri bl hioway betwapn surface and  § I fion (Fig. 4p.
...@m,mmonﬂgﬂ,) ves e leasd®
e 23 Sihes Bav-Size Sections. » x vt e
All sizes Full section bysgn. (200-mmi Q54 length or pre- * & ¢« MJl reduced soctpl 14.2-0r, (50-mm) gauge fength and ap-

o st speaiTEAI1 I (88 ink wido (1 poscii), It promma(ely 259% loss e Rt specimen widh.
by 8-in. (200-3rs)gibige nglht & it

reseesenns
Srrrriiiiey

fvseetes
PR

TABLE A1.2 Recommended Prautk‘e.fnr Selecting Bend Test Specimens for Steel Bar Products
Note 1—The length of aft specimens is to be not less lhan 6 i (150 mm).

Nots 2—The edges of the specimen may b rounded to a tadius not exceeding Yo in. (1.6 mum).

Flats,
Thickness. . Widh, in. Fecommended Sz
) (mm)
Tp to v% (13, nl Tp to % (19), Tl section.
incl Full section or machine fo not fess than
Over % (19) % in. (19 mm} in wicith by thickness of
imen.
Over 2 {18} Al Full section or machine to 1 by ¥ in. (25

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

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance
Between Paralie!
Faces, in. {mm)
Up to 1% (38), incl Full section,
Over 1% {38) Machine 10 1 by Ye-in. (25 by 13-mm) spacimen
from midway between center and surface.

Recommanded Size
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A2, STEEL TUBULAR PRODUCTS

A2.1 Scope diameter to be used when elongation comparable to that
obtainable with lacger test specimens is required.
A2.2.1.3 To determine the cross-sectional area of the full-

AZ2.1.1 This annex contains testing requirements for Steel
Tubular Products that are specific to the product. The require- 3 .
ments contained in this annex are supplementary (o thoge found  S¢¢tion specimen, measurements shall be recorded as the
in the general section of this specification. In hg$¢as N average or mean between the greatest and least mcasu!‘cmcnts
conflict betyyeen toquirements provided in this anngtSgditips O the outside diameter and the average or mean wall thickn
found in the general section of this specification Shestdiles to the nearest 0.001 in. (0.025 mm) and the cross-sectional area
ments of this annex shall prevail. In the ¢ased of"edgdiel determined by the following equation:
between tequirements provided in this annex, gxl-mqum_nmgg A=314166(D - 1) (A2.D)
found in product specifications, the requirentdg found in (e !
product specification shall prevail. e

wherg:,

tional area, in?
Wtside diameter. in., and
1 "5 bibiskiness of tube wall, in.
22 +Nors ddsieThere exist other methods of cross-sectional area
*a detmmumtmv such as by weighing of the specimens, which are equally

du/u dér:-fppmpnate for the purpose.

A2.1.2 Tubular shapes covered by this sputﬂualmn mguulv.
round, square, rectangular. and special shapds. s

A2.2 Tension Test st S

saniadt e
A2.2.1 Full-Size [ﬂngxzudmal'ﬁ;szﬁpepnq Messst
A22.1.1 As an alternative (hahiise DI 3044 gdinal strip 3 ..,2 Longitudinal Strip Test Specimens:

test specimens or longitudinal 3ddhd 8¢ $3ddddkhs, tension L TIAUZ2.1 As an alternative to the use of full-size longitudi-

test specimens of full-size | ﬁﬂm!.u sections o 0bed, provided AP “test specimens or longitudinal round test specimens,

that the testing equip iicient «.dpa\m\y' 3 -ttt : itudi xlnpn.st i ubmmul from strips cut ftom
metal plugs should be m\e;t;niiiéé snough m*l!xs-c“d of s the tubulmvgmduu Sty and machined to the
wbular specimens to permit X9¢ I$3dtg maching j3ws o gifg  dimensiong shown in Fig. A3 ed. For welded structural

the specimens properly without TSNS A desighihat maple  tubing, sudtest specimens shal] befrom a location at least 907

used for such plugs is shown in Fig. AZ.1 Tlu pluﬁ\ shill nbl from tﬁé'.\" Bl for other N&IHed tubular products, such test

extend into that part of the specimen on wi ’ & legat«m hall s fom  Jocalii’s pproximately 90° from the

s measured (Fig. 1). Care should be an -ﬁml \xdd Unlus othéfvdse u.qmrenh ‘he product specificati

insofar as practicable, the load n such La\m:gpp};qqmmlly the gauge length shall conform to dimension C in Fig

The iength of the full-section specimen dependytQ 3¢ sauge  The test specimens shall be tested using grips that are ﬂa! or

length prescribed for measuring the elongation. Ry have wrlace conlour correspending to the curvature of the
AZ 2.1.2 Unless otherwise qu\H[(,d by the’ product mhu]ar product, or the ends of the lest specimens shall be

specification, the gauge length or 50 mm, except that for  flattened without heating prior to the test specimens being
tubing having an oulside diameter of Y8 in. (9.5 mm) or less, it tested using flat grips. The test specimen shown as specimen
is customary for a gauge length equal to four times the outside no. 4 in Fig. 3 shall be used, unless the capacity of the testing
cquipment or the dimensions and nature of the twbular product
o be tested makes the use of specimen nos. 1, 2, or 3 neces

N
21

Note A2.2—An exact formula for calculating the cross-sectional area

@ of specimens of the type shown in F taken from a circalar tube is

Testing smaching jaws
shouid not extend -
beyond this it A

Ld»i

Note 1—The edges of the blank for the specimen shall be cut parallel

FIG. A2.1 Metal Plugs for Testing Tubular Specimens, Proper Lo- o each ofher.

cation of Plugs in Specimen and of Spectmen in Heads of Test- FIG. A2.2 Location of L inal Tension-Test in
ing Machine Rings Cut from Tubular Products
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RSEd‘DtKEd 3 in. Mis
fertecion oy (3in My

==

[4

-l

Rad 1. Min
Gage
Length
DIMENSIONS
Dimansions, in.
Spocimen No.
A B c D
1 Y+ 0.015 e approximately 220005 254 min
2 % 1 0.081 1 approximately 20005 2% min
420005 4¥s min
3 14 0.062 (Ve approximatsy 2 %0005 2% min
B 420005 4s min
4 Ve s.125 £ 2 admately 20010 2va min
AN 410015 43 min
aniins 810020 @ min
5 % £ 002 oo s fnbibldd § 4 0.003 1 % min

§ e
Noms 1—Cross-sectional arca tmay be calculated B piiplying Avdie.

Nors 2—The dimension 7 is the thickness of the §éb¢ $pecimen as provided for jn, the applicable material specifications.

Nore 3
not more than 0.010 in. wider than the center.

—The reduced section shll be paralel wigiP0.010 in. and ey w3 taper fu widh from the euds toward the center, with the ends

Note 4—The ends of the »peumen shall be symmemcal vyitiy m;vemﬂ'lmc Gﬁms !&meed section within 0.10 in.

Note S—Metric equivalent: | in. = ieens
Nore 6—Specimens with s
() an adequate number of marks are pros
If the fracture occurs at a distance omm.u'. 24 frownthe cdix
the materia. If the properties meat tad bibimilg it ibas

5.4 mm. Liitirerearesants

e I

it dmdmmmanmmmngamu and {t)wha?y:cld sm—mgth is
76 the gripping dnwoev h site

discard the test and ret
Nots 7—Specimen § is

specified, no

ntendI$0% fsting speci b oved from an jd-$drbibe product, Specimen 5 shall not be used for conformance testing of

new product. Acceptance ity ¥ flongation alid pidined from 1 if. gavge length specimens shall be determined by agreement between the

responsible pattics. BN Tt

FIG. A2.3 Di 1

Eaunc Imulh o duummc pam]l(.hsm and 41;@'4 (hg cepter.
The thickness should be measured at the cem@e 312 1sed With
the center measurement of the width (o determitr I cross-
sectional area. The center width dimension should B fecorded

to the nearest 0.003 in. (0,127 mm), and the thickness
measurement to the nearest 0.001 in.

A2.2.3 Transverse Strip Test Specimens:

AZ2.2.3.1 In general, transverse tension t are not recom-
mended for tubular products, in sizes smaller than § in. in
nominal diameter. When required, transverse tension (est
specimens may be taken from rings cut from ends of tubes or
pipe as shown in Fig. A24. Flattening of the specimen may be
done cither after separating it from the tuhe as in Fig, A24 (@),

A

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

Strip Tens(o?ﬁe’s( Specimens ﬁov ~Tub-|ar Products
I

ar ht.lol‘& \Efi’h‘nm«' itasid ﬂx‘ 334 (B), and may be done hot
or cold;.Bidt it fesBattening iSsddne cold, the specimen may
suhseqﬁénl]y be ndrmalized. ’p::éi‘n?\éns from tubes or pipe for
which heat (reatment is specified, after being flattened either
hot or cold, shall be given the same treatment as the tubes or
pipe. For whes or pipe having a wall thickness of less than %
in. (19 mm). the transverse (est specimen shall be of the form
and dimensions shown in Fig. A2.5 and either or both surfaces
may be machined to secure uniform thickness. Specimens for
transverse tension on welded steel tubes or pipe to
determine strength of welds, shall be located perpendicular to
the welded seams with the weld at aboutl the middle of their
iength.

A22.3.2 The width should be measured at each end of the
gauge length to determine parallelism and also at the center.
The thickness should be measured at the center and used with
the center measurement of the width to determine the cross-
sectional arca. The center width dimension should be recorded
to the nearest 0.005 in. (0.127 mm), and the thickness
measurement to the aearest 0.001 in. (0.025 mm).

A2.2.4 Round Test Specimens:

A2.2.4.1 When provided for in the product specification. the
round lest specimen shown in Fig. 4 may be used.
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Reduced

Section
214" Min

Approx 2

12" & U
2.0060" + 0.005"
Gage Length

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

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

Nors 3—The eads of the spectmen shall be symmetrical with the center
Hine of the reduced section within .10 in. .

Note 4—Metric equivalent: 1 in. = 25.6 mm.
FIG. A25 Tension Test Speci
Cut from Tubutar Products

e I
A22.4.2 The diameter of the round test §9ddigien is nith:

suted al the center of the specimen o the

Slehdest 0.001 inl”
(0.025 mm). ol

A223.4 Tn determining the transverse yield strength on this
machine, a short cing (commonly 3 in. (76 mmy) in length) test
specimen is used. After the large circular nut is removed from
the machine, the wall thickness of the ring specimen is
determined and the specimen is tefescoped over the oil resistant
rubber gasket. The nut is then replaced, bat is not twrned down
tight against the specimen. A slight clearance is felt between
the nut and specimen for the purpose of permitting free radial
movement of the specimen as it is being tested. Oil under
pressure is then admitted to the interior of the rubber gasket
through the pressure line under the control of a suitable valve.
An accurately calibrated pressure gauge sef to measure oil
pressure. Any air in the system is removed through the bleader
line. As the ol pressure is increased, the rubber gasket expands
which in turn stresses the specimen circumferentially. As the
pressure builds up, the lips of the rubber gasket act as a seal to
prevent oil leakage. With continued increase in pressure, the
ring specimen is subjected o a lension stress and elongates
accordingly. The entire outside circamference of the ring
spegimen is considered as the gauge length and the strain is
. with a suitable which will be described
88 Whitdithe desired total strain or extension under load is
ichbd dd 186 extensometer, the oil pressure in pounds per

A224.3 Small-size specimens proportiostal (o standards B8+ |
shown in Fig. 4, may be used when it is necegsaryslos beptes
material from which the standard specimgrp canrttt bEy 494

Other sizes of small-size specimegs {2 bg 13¢d.
small-size specimen, it is imporbd Y08t gl g thgth for
measurement of elongation bo féks iimess hesdinnieter of the
specimen (see Note 4, Fig. 1'): El'{h:czclunéﬁﬁﬁri izi(i\i@:nwnh for
the round specimen 2-in. gaygg fength in thprgrpginct specifi-
cation shall apply to the SpIALSEe specimedg 2l

A2.24.4 For wransverse®$fdInbhs, the sélibhiom whiclj
the specimen is faken shall 3436 b3 Hatieddd 366k otherwidd
deformed. e . ":E "’:”

A224.5 Longitudinal test specimens are; oblained; brom

il

sirips cut from the wbular product as showt i Fig., ABR S+
Tevessiesnen
A2.3 Determination of Transverse Yield Sﬁ%e:n'gi M :K’;El;'au-
lic Ring-Expansion Method tersilr

1 Hardness tests are made on the ollls}aé *surface,
ction depending upon product-
ion limitation. Surface preparation may be necessary
to obtain accurate hardness values.

A23.2 A testing machine and method for determining the
transverse yield strength from an annular ring specimen, have
been developed and described in A2.33 - 912,

A2.33 A diagrammatic verti
the testing machine is shown in

1 cros

ectional sketch of

Hydraulic Pressure Line

FIG. A28 Testing Machine for Determination of Transverse Yield
Strength fram Annular Ring Specimens

ik read and by employing Barlow’s formula, the
i ulated. The yield strength, thus
9¢d, is a true cesult since the test specimen has not heen
coleh p3tked by flattening and closely approximates the same
.$08ditibn as the tubular section from which it is cut. Further.
8 fest closely simulates service conditions in pipe lines. One
testing machine unit may he used for several different sizes of
pipe hy lhg:u;sé of suitable ry bher ,c;zgskcls and adapiers.

g
g
&
-
q

oRg
Nome A234Brriow’s formulaaay?

ated two ways:

internal hydrostatic pressure, psi,

= unit circumferential stress in the wall of the tube
produced by the internal hydrostatic pressure, ps

= thickness of the mwbe wall, in,, and

= outside diameter of the tube, in.

D

A23.5 A roller chain type extensometer which has been
found satisfactory for measuring the elongation of the ring
specimen is shown in Figs. A2.7 and AZB. Fig. A2.7 shows the
extensometer in position, bul unclamped, on a ring specimen.
A small pin, through which the in is transmitted to and
measured by the dial gauge, extends through the hollow
threaded stud. When the extensometer is clamped, as shown in
Fig 8, the desired (ension which is necessary to hold the
instrument in place and to remove any slack, is exerted on the
roller chain by the spring. Tension on the spring may be
regulated as desired by the knurled thumb screw. By removing
or adding rollers, the roller chain may be adapted for different
sizes of tubular sections.

A2.4 Hardness Tests
A2.4.1 Hardness tests are made either on the outside or the
inside surfaces on the end of the tube as appropriate.
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A2.4.2 The standard 3000-kgf Brinell Joad may cause too
in-wall

subjecting rings from the tube or pipe 10 & prescribed degree of
bc!v»wn paraliel plates (Fig. ). The severity of

much deformation in a d tubular sp In this
case the 500-kgl load shall be applied, or inside ing by

the ening test is by the distance between the

means of an internal anvil should be used. Brinell testing shall
not be applicable to tbular products less than 2 in. (51 mm) in
outside diameter, or less than 0.200 in. (5.1 mm) in wall
thickn:

A2.4.3 The Rockwell hardng

5 tes

e normally made on

the inside surface, a flat on the outside surface, or on the wall
cross-section depending upon the product limitation. Rockwell

hardness tests are not performed on tubes smaller than %6 in.
(7.9 mm) in outside diameter, nor are they performpflion the
inside surface of wbes with less than ¥ in. (6.4 458 side
diameter. Rockwell hardness tests are not pulumedm e
nealed tubes with walls less than 0.0«

those permitting the regular Rod
perficial Rockwell test ts sometimes substddted. Transverse
Rockwell hardness readings can be made onitlibes with a4l
thickness of 0.187 in. (4.75 mm) or grealer. Thg .le!‘:... £ A0
the wall thickn

s of the specimen impose h(rgx;;lg s ;bq

(LEFhRA ISR bi
cold worked or heat treated tubes with walls lepg thar 0.()49:ip;:
(1.24 mm) thick. For tubes with wall thickpggps less thay!

ell hardDdgs test, the Su*

I

233 Specifitquas

PEee:

Rockwell hardness test. When a cphligfisom dihnds :mwcm .

Rockwell determinations made s ’lI\u odGIdS ShEtte and
determinations made on the mae «u dfdtdent of the
readings will be required or @ompunwu. Jmh 4;1 effect of
curvatre. The Rockwell B, genld 'used on aff imdtals having
an expected hardnes mq% 'nt 'QQ to B100.:The Rockwell C
seale is used on material hAT9gEeT Eapected mmq ss range of
€20 10 C68. Htisasen 3 33

A2.4.4 Superficial Rockwell Hatdnoss lt‘.sts ﬂYé noudily
performed on the outside surface whunuén. .possitlé $3dd
whenever excessive spring back is not encousiieidd Qe se,
the tests may be performed on the inside. Suparfiekd SRackevell
hardness tests shall not be perfarmed on tubeshythedt Mnside
diameter of less than % in. (6.4 mm). The Walt ithickness
limitations for the Superficial Rockwell hardness testldre given
in Table AZ.7 and Tuble A2.2.

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

A2.5 Manipulating Tests
A2.5.1 The following tests are made to prove ductility of
certain tubular products:
ing Test—The test as ¢
made on specimens cut from tubular products is conducted by

paraliel plates and is varied according to the dimensions of the
tube or pipe. The flatiening fest specimen should not be less
than 2%%2 in. (63.5 mm) in length and should be flattened cold
to the extent required by the applicable material specifications.
A2.35.1.2 Reverse Flattening Test—The rev Hattening
test is designed primarily for application to electric-wekded
tubing for the detection of lack of penetration or overlaps
Iting from flash removal in the weld. The specimen
of a length of tubing approximately 4 in. (102 mm)
long which is split fongitudinally 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
s an upseiting test, is usually made on hoiler and other
ssute tubes, for evaluating ductility (Fig. A2.10). The
dimon is a ring cut from the tube, usually ahout 2% in. (63.5

ﬂ
mm} famer dt is placed on end and crashed endwise by hammer

183

or Wg{;’w;m, distance prescribed by the applicable material

”{léﬁ'Flange Test—The flange test is intended to deter-
miné whé Ghetility of boiler tubes and their ability to withstand
H}i »:wé(;l;\iinn ol bending into a tube sheet. The test is made on
fytegeut from a tube, usually not less than 4 in. (100 mm) long

L 2 and Tonsists of having a flange wrned over at right angles (o the

bady of the twbe to the width (u]uimd by the applicable
material spummtmns The Nafink’ mm and die block shown in
A2, n-m mmmnmdul 137 wic in making this test.
c;c fain types of pressure tabes,
an qlmna\p‘ Q the ﬂancw:&g g gade. This test consi f
dnvmD .\‘l’\p(,rLtLuwndml havidg % slope of 1 in 10 as shown
2\;. 2 (a T O a 60° @MU angle as shown in Fig.
ection cul from the tube, approximately 4 in.
(100 mm} in length, and thus expanding the specimen until the
inside diameter has been increased to the extent required by the
applicable material specifications.

A2.35.1.6 Bend Test—TFor pipe used for coiling in sizes 2 in.
and under a bend test is made to determine its ductility and the
soundness of weld. In this test a sufficient length of full-size
pipe is bent cold through 90¢ around a cylindrical mandrel
having a diameter 12 times the nominal diameter of the pipe.
For close coiling, the pipe is bent cold through 180° around a
mandrel having a diameter 8 times the nominal diameter of the
pipe.

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

TABLE A2.1 Wall Thickness Limitations of Superficlal Hardness Test on Annealed or Ductile Materials
for Steel Tubular Products*
(T" Scale (Vre-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) 5

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

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

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

FIG. A2.10 Crush Test Specimen

least 6 in. {152 mm) in length with the weld at the center, and
are machined in accordance with 3 for face and root
hend tests and in accordance with Fig. A2.14 for side bend
The dimensions of the plunger shall be as shown in Fig.
3 and the other dimensions of the bending jig shall be
E dmmllyds given in this 3
a face bend specimen and a root bend specimen or ls\(\ ide
bend specimens. A face bend test requires bending with the

w

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

{a) Failure of the bend test depends upon the appearance of
cracks in the area of the bend, of the nature and extent
described in the product specifications.
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Position Position
after Using~, & after Using
= T Flaring Toof Flatter

e
LR
o g 2
¥ ) Liners
A= Outs, Diam. of Tube less § A= Quts, Diam. of Tube plus 3
B = Outs. Diam. of Tube less 3

C = Outs, Diam. of Tube plys &

Flaring Tool

Nors 1—Metric cquigs 43 % 5254 mm.
FIG. A2.11 Fiarjnq Togliar Bie Block for Fiange Test
[SESAHHHN

Die Block

¢4
s e’

Face Bend Specime; bt Root Bend Specimen
Note 1—Mefric equivalent: 1 in. =25.4 mm. b
Pipe Wall Thickness (1), s * Test Specimen Thickness, in.
Up 10 %, incl v 7
Qver 3 .

FIG. A2.13 Transverse Face- and Root-Bend Test Specimens

»
%



Nere |—Metric equivalent: | in. =

A Aso-14

1F FLAME CUT, NOT 165 THAN L

VA

R B

hen tceags 1 use one of he folovg:
. Cut along e indicated by arrow, Edge
auay be Rame cut and may of May not be.

Spesimens may be cut ko approdimatly
ual strips belween 3/4 in. 2Ad 1% in.
i For esing o the Spcians ey be

bent at full width (see requirements on

SHALL BE MACHINED FRON EDGES Lo
6" M}
i
R S s
o " T g vy T
%0 10

g width in Fig. A2.15.)

25.4 mm.

FIG. A2.14 Sid&-Bend Specimen for Ferrous Materials
PEN

Tapped ok 3? %‘5‘3:
testing iy w4t
Aség

T,
|

Hardened olers, 14" dam may be
substituted for Jig shoul

5 fe—— s requirad -——————{
1——F—|

Piynggdnber ]
Sﬁ@@&}\wéw

.

3
e

essamesiees
IRPES TR0

R

.
Note 1—Metric equivalent: 1 in. = 25.4 mm. ¢
‘Test Specirmer: Thickness, in. A B M

kD) RRE Ya h e

41 2f 3t 4+ Ve
T Material
% 2% 1 1T%e Materiale with a specified minimum tensile strangth of 95 ksi or
t 6%af 31t B+ Vo AVel + Vre greater.

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

A3.1 Scope

A3.11 This annex contains testing requirements for Steel
Fasteners that are specific (o the product. The requirements
contained in this annex are supplementary to those found in the
general section of this specification. In the of conflict
between requirements provided in this annex and those found
in the general section of this speci on, the requirements of
this annex shall prevail. In the e of conflict between
requitements provided in this annex and roquitemgpts, found in
product specifications, the requirements found it I8¢ product
specification shall prevail.

A3.12 These tests are set up to Tacilitate, piaductiopsdaniol
testing and acceptance testing with certainpontg plcuwlu to
be used for arbitration in case of disagreergyaver test res

ssrerersies

A3.2 Tension Tests

AB21 It is preferred that bolts be tested Luu‘wq,‘qqq n‘
customary, when so testing holts 1g. sp s o shidihl

s

33

ultimate load in pounds, rathers AT o SASTEIN 5 anzﬁm"

ssersads

steength in pounds per squace? $4dH. Thids Mirhds S bolt
nominal diameter has been biished ke 2 Minimum bolt
length subjex
section. Sections A qezy 3 appld BHED testing bolts:
full size. Section A3 L1 88all apply $B8&S the individual
product specifications ;&.rixiﬂ e use of hdddihéd specimens.

AB2LL Proof Load~Thpé tit puyticting tases of ggrgain
classes of bolls it is desirablbs i Bble to stdgs theng2$hile
in use, to a specified value without obtalning dny pélliddent
set. To be certain of obtaining this qud];l} e proddl 1560 is
pecificd. The proof Toad test consists of skedsing 4 boll with
a specified load which the bolt must withstagd |tl]qul'p<,rmd~
nent set. An alternate test which determines ytdd\:rxngth of a
full size bolt is alse altowed. Either of the followlifg Methods,
1 or 2, may be used but Method { shall be the arbitration
method in case of any dispule as to acceptance of the boits.

ABR.2.1.2 Proof Load Testing Long Bolts—When full size
tests are required, proof load Method 1 is to be limited in
application (o bolts whose length does not exceed 8 in. (203
mm} or 8 times the nominal diameter, whichever is greater. For
bolts longer than & in. or & times the nominal diameter,
whichever is greater, proof load Method 2 shall be used.

(a) Method 1, Length Measurement—The overall length of
a straight bolt shall be measured at its true center line with an
instrument capable of me: g changes in length of 0.0001
in. (0.0025 mm) with an accuracy of 0.0001 in. in any 0.001-in.
(0.025-mm) range. The preferred method ol measuring the
length shall be between conical centers machined on the center
line of the bolt, with mating centers on the measuring an
The head or body of the bolt shall be marked so that it can hc
placed in the same position for all measurements. The bolt shall
be assembled in the testing equipment as outlined in A3.2.1.4,
and the proof Toad specificd in the product specification shall
be applied. Upon release of this foad the length of the bolt shall
be again measured and shall show no permanent clongation. A

ct to the ksx; ﬂcxgquyﬂnﬂpg'mpfmndu of this 3¢
itk

ERS

tolerance of £0.0005 . (0.0127 mm) shall be allowed
between the measurement made betore loading and that made
after loading. Variables, such as straightness and thread align-
ment {plus measurement error), may result in apparent elon-
gation of the fasteners when the proof foad is initially applied.
Tn such cases, the fastener may be retested using a 3 percent
greater load, and may be considered satisfactory if the length
after this loading is the same as before this loading (within the
0.0005-in. lerance for measurement erfor).

A3.2.1.3 Proof Load-Time of Loading—The proof load is to
be maintained for a period of 10 s before release of load, when
using Method 1.

{1} Method 2, Yield Strength—The bolt shall be assembled
in the testing equipment as oullined in A2.2.1.4. As the load is
apphied, the total elongation of the bolt or any part of the bolt
MBirh includes the exposed six threads shall be measured and
$A63bd. to produce a load-strain or a stress-strain diagram.
SRHe kadlian stress at an offset equal 1o 0.2 pereent of the Jength

l':belbmcupml by 6 full threads shall be determined by the
mk,ljmxj‘()usanbcd in §4.2.1 of these methods, A370. This load
iy shall not be less than that prescribed in the product
,:&b&ci}i’ ton.
X3.2.14 Axial Tension Testing of Full Size Bolts—Bolis

1i%80¢ o be lested in a holder with the load axially dpphul

between the head and a nut or suitable fixture

either Qf, yrhich shall haversufficient thread cngag&nwm m
develo e full strength f*the }plt. The nut or fixture shall be

except for heavy hexagon
ave four complete thrcads unen-
gage aged between the arips. Tq‘mcu\ sthe requirements of this test,
there shall be a tensile failure in the body or threaded section
with no failure at the junction of the body and head. When

il

ke

FIG. A3.1 Tension Testing Full-Size Boit
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tensile testing externally threaded fasteners made of austenitic
stainless steel and the test lastener’s thread pulls out of the
internally threaded test fixture after the minimum tensile
strength requirement has been reached, the fasteners shall be
msidered conforming (o the tensile strength requirement and,
in addition to the tensile strength, the Tailure mode shall be
reported o the purchaser. Tf it is necessary to record or report
the tensile strength of bolts as psi values, the stress area shall
be calculated from the mean ol the mean root and pitch
diameters of Class 3 external threads as follows:
A, = 07854 [D — (0.9743/n)F

ultimate load on the bolt shall be determined as described in
2.1.4, except that a 10° wedge shall be placed under the
same boll previously tested for the proof load (see A3
The bolt head shall be so placed that no corner of the b
or square takes a bearing load, that is, a flat of the head shall
be aligned with the direction of uniform thickness of the wedge
(Fig. A%.2). The wedge shall have an included angle hetween
its faces as shown in Table A3.1 and shalil have a thickness of
one-half of the nominal bolt diameter at the short side of (he
hole. The hole in the wedge shall have the following clearance
over the nominal size of 1h(. bo]t and 1ls edges, 1op and hottom,

A3

agon

where: v
D nominal diameter. in., and '::::‘ Size, in. in. () Hole, in. (mm)
r = number of threads per inch. b
. N " exen 0.030 (0.78 0.080 (0.76)
A32.1.5 Tension Testing of Full-Size Bolts wttft:q Wedge— 0,050 21_3)) 0.060 §1v5))
Th\: pmpos‘u 0( lhis test is lo olﬂain 1h‘. lcnsik 's‘tn.ngh dnd 0.063 (1.5) £.060 {1.5)
0083 {1.5) 0.125 (3.2)
0.004 (2.4) 0.125 (3.2)

¢ = Clearance of wedge hole
Diamater of bolt

adius

T = Thickness of wedge af short side of hole equal to one-half diameter of boit

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

Nominaf Product Size, Degress
in.
Bofis. Sitds and Flange Boits
(2] 0 §
Over 1 s 4

A3.2.1.6 Wedge Testing of HT Bolts Threaded 10 Head—For
heat-treated bolts that are threaded 1 diameter and closer to the
undetside of the head, the wedge angle shall be 6° for sizes V4

through ¥ in. (6.35 to 19.0 mm) and 47 for sizes ovgr ¥4 in.
A3.2.1.7 Tension Testing of Bolts Machined to Rbllhd Tevt
Specimens: . .....‘

(1) Bolts under 1% in. (38 mm) in diameter iuivien yoquivs «

machined lests shall preferably use a sldndm(l_‘;’s;ri,:('lzlmng‘
round 2-in. (50-mm) gauge length test speppppn (Figs sy
however, bolts of small cre ction that wWjBIgAt permit the ]
mkm& of this standard test specimen s)ml!.ll‘ ane of the

i proportional-to-standakl (Fig. 4) and tke
specimen shall have a reduced section as lage as
d” caw:‘ 1he omgitudi axxs nf Ih<. spest

section of the bolt may h\. lelt ll\lﬁct, ;IS m:}]x 03 NNt
A3 4, or shaped to fit the holdu{ﬁigufgs oﬂli.t&iﬁﬁi. m@chmc
so that the load is applied; qwually Thit i gﬁueo Nength for

measuring the elongation shal i four” mnwﬂm-dmxm«u of |

the specimen.

{2} Forbolts 1V2in. t\ac :»y:c I diame! ictjx;{aqda:d Ya-in,
round 2-in. gauge length test $¢dibidnshall B¢ 0003d From ¢
bolt, having its axis midway bﬂwéullhc cenfdidnd nutsﬂt.
surface of the body of the bolt a5*shown in Fig. AR5

(3) Machined specimens are to be teskdbyin tepfohs fo
determine the properties prescribed by the paghig spheqa-
tions. The methods of testing and determinad it & pldgdities
shall be in accordance with Section 14 of thedd ?Es:lzlfl'bﬂmdﬁ.

.....

A3.3 Hardness Tests for Externally Threaded ﬁl‘s{enors
A3.3.1 When specified, externally threaded fasteners shall
be hardness tested. Fasteners with hexagonal or square heads
shall be Brinell or Rockwell hardness tested. For hexagonal
and square head bolts; test shall be conducted on the wrench
flats, top of head, unthreaded shank, end of boit or at the
arbitration location. For studs, products without parallel
wrench flats and for head styles other than hexagonal and
square; tests shall be conducted on the untiweaded shank, end

of the beit or stud or at the arbitration location. Due to possibie
distortion from the Brinell load, care should be taken that this
test meets the requirements of Section 17 ol these test methods
where the Brinell hardness test is impractical, the Rockwell
hardness test shall be substituted. Rockwell hardness test
procedures shall conform to Section 1§ of these test methods.

A3.32 Tn cases where a dispute cxists between buyer and
seller as to whether externally threaded fasteners meet or
exceed the hardness limit of the product specification, for
purposes of arbitralion, hardness may be taken on two trans-
verse sections through a representative sample fastener se-
lected at random. Hardness readings shall be taken al the
localions shown in Fig. A3.6. All hardness values must
conform with the hardness limit of’ the product specification in
order for the fasteners represented by the sample to be
considered in compliance. This proviston for arbitration of a

”.s?uh. shall not be used to accept clearly rejectable fasteners.

,nommu:n.. Au réﬂiﬂg of Nuts

Slserssaace

-ifmuness Test—Rockwell hardness of nuts shall be

234
duqmqa: on the top or bottom Tace of the nut. Brinell

hag$d shall be determined on the side of the nuts. Either
molﬁwl “may be used at the option of the manufactucer, taking
rm{ﬂ'auoum the size and grade of the nats under test. When the
*R dndmd Brinell hardness test results in deforming the nut it
will be necessary o use a mmmJeAd or substitute a Rockwell
hardness e

A342, QMV Sectional Hﬂ(dm!vc Tesi—Nuts whose proof
stress rc(juma a load cw‘cdm.g 160000 1b. shall. unless
otherwige speci ed sin the purehase, order, contract or praduct
speciticalion, be LOn\ldL,It,d o hrgL for full size proof load
testing and shall be subjected to a cross sectional hardness test.
Sample nuts shall be sectioned laterally at approximalely one
halt (1/2) of the nut height. Such samples need not be threaded,
but shall be pact of the manufacturing lot. including heat
treatment. Al tests shall be conducted using Rockwell Hard-
ness test scales. Two sets of three readings shall be taken in
locations ~180" apart (See Fig. A3.7). All readings shall be
reported when certification is required and shall meet the
hardness requirements listed in the product specification. The
readings shall be taken across the section of the nut at the
following positions:

Nimimumn Raius Recommended

., But not fess than &

2" £ 0.005" Gage Length for
Eiongation after Fracture

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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.357" + 0.005"

1400 £ 0,005 g

Reguced Section

0.252" % 0.005" o
1.000" 2 0.005" =) Rad min
age Length

Notz 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A3.4 Examples of Small Size Specimens Praportional to
Standard 2-in. Gauge Length Specimen
e

.

.

b -

i I

5] :

FIG. A5 Ldddbha s:f'qtamiard Round 241, Gauge Lmh Ten- 5%
sion Te‘s't. frhen When Turned from Large Size Bolt

T

A : ; 1/2 radius
1/2 radius
m ""'—1""
; T
nom

Dnom
‘_’!' Section B-B Section A-A

A —B8

X = Location of Hardness Impressions
FIG. A3.6 Hardness Test Locations for Bolis in a Dispute

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

Pasition 2—at the core (halfway between the major diameter
(if threaded) or hole side wall, if blank) and a corner of the nut.
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Position 2 {core)
Position 1

FIG. A3.7 Hardness Test Locations

i
[Serree
ALY
BEHEH
R gy i
A4.11 This annex contains testing requissments for Reind

Wire Products that are specific to the grptiuct. The require- |
ments contained in this annex are supplenjgritary to thosg found 2
in the general section of this specificdtion. Tn fad sqdsh} of
onflict between requi provided in thisGhnek SRLNSSE o
found in the general section of thise gﬁu}lﬁééli(irfil‘
ments of this annex
between requi

found in product speciticatibd
product specification S“f‘f‘f b

it
3k« Iy sthe s sasps pf +eontlict

Ad4.2 Apparatus

A4.2.1 Gripping Devipysiips of
saubbing types as shown bt Fg2AE and Hibs
used (Nate A4.1). When using bEips of either tyie.
taken that the axis of the test specitmeRsie. located Zxéin’uxi-
mately at the center fine of the head of §§id lesting iachine
{Note A4.2). When uosi ? b

wedgp or

Nore Ad.1—Testing machines usually are cquipped $4 wedge grips.
These wedge grips, irrespective of the type of testing machine, may be
referred t0 as the “usual type” of wedge grips. The use of fine (180 or 240)
it dbrasive cloth in the “usual” wedge type grips. with the abrasive
contacting the wire specimen. can be helpful in reducing specimen

SPHERICAL
BEARING
CROSSHEAD
OF TESTING
ACHTNE.

SECTION A-A
FIG. Ad.1 Wedge-Type Gripping Device

30

. deen
" EZ: FIG. Ad2 Snuebing-,‘l:y'pe Gripping Device
pe%es 24N
Stpplrltdng breakage at the gt §dges at tensile Joads up to about 1000
poundy TFor gests of specinmng o8 wire shich are liable to be cut at the
cdgey bY the el type” of wedlge grips, the snubbing type gripping
device has proved satisfactory.s ¢ 77 12
For testing round wire, the use of eylindrical seat in the wedge gripping
device is optiomal.
Nots Ad.2—Any defect in a testing machine which may cause nonaxial
application of load should be correcied.

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

A4.3 Test Specimens

.1 Test specimens having the full cross-sectional area
of the wire they represent shall be used. The standard gauge
length of the specimens shall be 10 in. (2534 mm). However, if
the determination of elongation values is not required, any
convenient gauge length is permissible. The total length of the
specimens shall be at least equal to the gange length (10 in)
plus twice the length of wire required for the full use of the grip
employed. For example, depending upon the type of lesting
machine and grips used, the minimum total length of specimen
may vary from 14 to 24 in. (360 to 610 mm) for a 10-in. gauge
length specimen.

A4.32 Any specimen breaking in the grips shall be dis-
carded and a new specimen tested.
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Add FElongation

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

A4.4.2 Tn determining total elongation (clastic plus plastic
) autographic or exte cter methoeds may, be cm-

o
..

s St
M

3 1f fracture takes place outside of the migl

El o
the gauge length, the elongation value ohhum‘q I\

.

:

ft

+
representative of the material. aveser Ui
s

Ad.3 Reduction of Area

A4.5.1 The ends of the fractured specimenzgimil be carefully
fitted together and the dimens of the smajltsl Cross seeley ,
measured to the nearest 0.001 in. (0.025 mih) wigh 20 pOD3EAS,
micrometer. The difference between the area lhua! wuﬁd ‘lﬁﬁllﬁ‘ .
area of the original cross section, exprbsdd asﬂjx agu e
the original area, is the reduction O(‘t!(!d :::

A4.52 The reduction of dlu\- K\sb (sﬂf:x}:.ggwmndul in
wire diameters less than DNRE% §n. (2734 Figue o the

Ities of measoring luq }qu.ul <!

A4.6 Rockwell Hardness LSS IS 55331 :
A4.6.1 On heat-treated wire «:l::i;{‘mlu G (:) in. (’;i{
mm} and larger, the specimen stidth e flattengd on*tyo parpdiv}

sides by grinding before testing. The h'lr{ibgs\ lul.ts,m)l

recommended for any diameter of hard drawn wire or heat-
treated wire |} than 0.100 in. 4 mm) in diameter. For
round wire, the tensile strength test is greatly preferred over the
hardness test.

A4.7 Wrap Test

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

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

A4.7.3 The wire tested shall be considered to have Tailed if
the wire fractures or if any fongitudinal or transverse cracks
develep which can be scen by the unaided eye alter the fiest
cegmpletes turn. Wire which fails in the fiest wrn shall be
e as sych fractures may be caused by bending the wire
w a \AWLB.RM than specified when the test starts.

A4, 8*€mling T

A¢1~8{ This test is used to determine if imperfections are
pres;p; o the extent that they may cause cracking or splitting
LYoting spring coiling and spring extension. A coil of specified
*length is closed wound on an arbor of a specified diameter. The
closed coil issthen strelched @ feSpEC ified permanent increase
in length A6id Examined for unifesniy of pitch with no splits or
fractures. Fag required arborsdiamidler, closed coil length, and
pumar{qm'qqﬂ extended lqwglv;nuuxw may vary with wire
(hcum.k_n_gr(qwbmu and Bypesis?

Tet
aeape.

uLk. .
:

AS. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

AS.1 Notch Behavior

AS5.1.1 The Charpy and Tzod type fests bring oul notch
behavior (brittleness versus ductility) by applying a single
overload of stress. The energy values determined are quantita-
tive comparisons on a selected specimen but cannot be
converted into energy values that would serve for engineering
design caleulations. The notch behavior indicated in an indi-

vidual test applies only to the specimen size, notch geometry,
and te:

ing conditions involved and cannot be generalized to
s of specimens and conditions.

A5.1.2
als and alloy:

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

these materials. In contrast, the behavior of the ferritic steels
under nolch conditions cannot be predicted from their proper-
ties as revealed by the fension test. For the study of these
materials the Charpy and Tzod type tests a cordingly very
useful. Some metals that display normal ductility in the teasion
test may nevertheless break in brittle fashion when tested or
when used in the notched condition. Notched conditions
include r nts to deformation in directions perpendicular to
the major stress, or multiaxial sl es. and stress concentra-
tions. Tt is in this field that the Charpy and Tzod icsts prove
useful for determining the susceptibility of a steel to notch-
brittle behavior though they cannot be directly used 1o appraise
the serviceability of a structure.

AS5.1.3 The testing machine itself must be sufficiently rigid
or tests on high-strength low-energy materials will result in
excessive elastic energy losses either upward through the
pendulum shaft or downward through the base of the machine.
Ti the anvil supports, the pendulum striking edge, or the
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machine foundation bolts are not securely fastened, tests on
ductile matertals in the range of 80 ft-Ibf (108 J) may actually
indicate values in excess of 90 to 100 feIbt (122 to 136 J).

A3.2 Notch Effect

A3.2.1 The notch results in a combination of multiaxial
stres sociated with restrainis to deformation in directions
pey pmdml]m to the major stress, and a stress concentration at
the base of the nolch. A severely notched condiion is generally
not desirable, and it becomes of real concern in those ¢
which it initiates a sudden and complete failure of the brittle
type. Some metals can be deformed in a ductile manner even
down (o the low temperatures of Hquid air, while others may
crack. This difference in behavior can be best \mdu‘-\\»(vd by
considering the cohesive strength of a material (or lha m ty
that holds it together) and its refation to the yield pmnﬂ wuﬂws
of brittle fracture. the cohesive strength is cx«xg;led.“
significant plastic deformation occurs and the fibide qn'\ﬁ
crystalline. In cases of the ductile or sheag 3§9¢ %of failds
considerable deformation precedes the finalefadtire and thet
broken surface appears fibrous instead of crftdlfine. In inter-
mediaie cases the fracture comes aiter a moglerate amoynt 9
deformation and is part crystalline and part fbroug,intqirent:
ance. Tiaer

A5.2.2 When a notched bar 1\,[@&&&1‘ )hé]i:. ;«E §i: Lé&ixir
ess actoss the base of the pdlhl Which IRhi§ I Hitiate
ture. The property that M&:n:ﬁam:cxzavm. Dr holds it
together, is the “cohesive s ergk'h‘ ThedSat ‘13':0'1 b when the
normal stress exceeds the Im% strength. ¥ h n(h!s QCCurs
without the bar deforming 4;; mc;‘ondmm\ 19; t!!ltqu fracture.
A5.2.3 Tn testing, 1hnu§h*ml~m’%ruw-he\. mku of s}dc
effe it happens more comhtgidg sthat plasty ;I:lmnmlz(m
precedes fracture. In addition to " normal stress? the apgifdt
load also sets up shear stresses which are \boul 45040} 4
normal stress. The elastic behavior terminaté$ &§ :mon:a‘, ghc
shear stress exceeds the shear strength of (heﬂnnlcﬂ(\{ sand
deformation or plastic yielding sets in. This is theaqpgigen for
ductile failure. oAl

AS5.2.4 This behavior, whether brittle or ductile, Llc}wnd% on
whether the nurnml stress exceeds the cohesive strength before
s the shear strength. Several important
of notch hdmm?r follow from this. If the notch is made
sharper or more drastic, the normal steess at the root of the
notch will be increased in relation (o the shear stress and the
bar will be more prone to brittle fracture (see Table AS.1). Also,

'hclnre-

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

A5.2.5 Variations in notch dimensions will seriously affect
the results of the tests. Tests on EA340 steel specimens” have
shown the effect of dimensional variations on Charpy results
(see Table AS.1).

AS3 Size Effect

AS53.1 Increasing either the width or the depth of the
specimen tends to increase the volume of metal subject to
distortion, and by this factor tends to increase the energy
Abtmplmn when breaking the specimen. Howevi
particularly in width, also tends to inc
aint and by lending to induce brittle fra

degree of res!

may decrease the amount of energy absorbed. Where a
standargl-size specimen is on the verge of britile fracture, this is

and a double-width specimen may actually
ry for rupture than one of standard widih.

.ﬁzﬁx’hﬁlkﬁ‘lv true
reqm 44 ene
. A5'L2.l'ﬂ: Sludies of such effects where the size of the
nmiu!c?:!t_xyrudcs the use of the standard specimen, as For
examples when the material n. plate, subsize specimens
argl phggssarily used. Such specimens (see Fig. 6 of Test
ME04dS E23) are based on the Type A specimen of Fig. 4 of
ST Nethods 23,

AS.3.3 General correlation between the energy values ob-
tained \vidksp':iimcns of differeht $ie or shape is not feasible,
but limitedk eorrelations mays l:vc oe«;hh ed for specification
purposes pnithe basis of specialisindies of particular materials
and pm’lfqﬂh‘wuunms on hp'qlhu hand, in a study of the
relative ¢fitet dfiuopess varialdds, evaluation by use of some
arbitracily selecied” Sfecimeni¥ith*Some chosen notch will in
most instances place the methods in their proper order.

AS.4 Effects of Testing Conditions

AS54.1 The testing conditions also affect the notch behavior.
So pronounced is the effect of temperature on the behavior of
steel when notched that comparisons are frequently made by

Fahey, N. H., “Effects of Variables in Charpy Impact Testing,” Materials
Research & Standards, Vol 1, No. 11, November, 1961, p. 872,

TABLE AS5.1 Effect of Varying Notch Dimensions on Standard Specimens

High-Energy
Specimens, feibf (4)

‘Medium-Energy
‘Specimens, 1Lbf (J)

Low-Energy
Specimens. feibi (4}

Specimen with stardard dimensions 76.0 £ 3.8 (103.0 £ 5.2)

Depth of notch, 0.084 in. (2.13 mmy® 722 (97.9)
Depth of potch, 0.0805 in. (2.04 mmy? 75.1 (101.8)
Depth of noteh, 0.0775 in. (1.77 mm)* 76.8 (104.1)
Depth of notch, 0.074 in. {1.57 mm)* 798 (107.9)
Radius at base of notch, 0.005 in. (0.127 mm)® 72.3 (98.0)
Radius at base of noich, 0.015 in. (0.381 mm)® 80.0 (108.5)

44.5 £ 2.2 (603 £ 3.0} 125£1.0(16.9 + 1.4)

41.3 (56.0} 1.4 (15.5)
42.2 (57.2} 124 (16.8)
453 (61.4) 12.7{17.2)
46.0 (62.4) 12.8 {17.3)
417 (56.5) 10.8{14.6)
47.4 (64.3) 15.8 (21.4)

 Standard 0.079 + 0.002 in. {2.00 £ 0.05 mm).
& Standard 0.010 £ 0.001 in. (0.25 x 0.025 mm).
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examining specimen fractures and by plotting energy value and
Fracture appearance versus temperature from tests of notched
at a series of emperatures. When the test temperature has
been cartied low enough to start cleavage fracture, there may
be an extremely sharp drop in impact value or there may be a
relatively gradual falling off toward the lower temperatures.
This drop in energy value specimen begins to
exhibit some crystaliine appearance in the fracture. The tran-
sition temiperature at which this embrittling effect takes place
varies considerably with the size of the part or test sﬁ*uimc!\
and with the notch geometry.

A5.4.2 Some of the many definitions of (r:
ture currently being used are: (/) the lowest femperatuzg 312‘
which the specimen exhibits 100 % fibrous fRgfp, (3 $he!
temperature where the fracture shows a 50 % Pidd8lline 83
50 % fibrous apy (3) the $&ddesponding ¢!
the energy vatue 50 % of the differencel Belween values
obtained at 100 % and 0% iibrous im«,mn, and (4) um

temperature coresponding (o a specific enerzy mlue":--u-

A543 A problem peculiar to Charpy-types 8568
when high-strength, low-energy sperpmens 3y 1eged v
temperatures. These specimens g it 1g39¢ ¢ Machine in
the direction of the pendulum, m]zg bug R Shia sidewise
direction. To ensure that the hrbkéd haldds'dt i:«f)lumu\s do
not tehound off some comgdiigt of the maghipesdnd contact
the pendulum before it cmppk}t its swing. (gggl;[ru'mmn may
be necessary in older moe} 'mgg;lzlpus Thpge medificationg
differ with machine design. NE$EIQ¢IReS the' bdglctpmhkmﬁ;
the same in that provisions must el fiflle to pravdde rubnun ;
ing of the fractured specimens into any pard of the switgdds
pu\du]um Where design permits, the brokeno'gxxn €RS TRay

e deflected out of the sides of the maching ane yes:
designs it may be necessaty to contain the bagedes i tens
within a certain area unlil the pendutum pa%%b lhldlif'h the
anvils. Some low-energy high-strength stecl s S leave

s
.
i

although they were struck by a pendulum traveling at speeds
approximately 17 Tt (5.2 mys. If the force exerted on the
pendulum by the broken specimens is sufficient, the pendulum
will slow down and erroncously high energy values will be
recorded. This problem accounts for many of the inconsisten-
cies in Charpy results reported by various investigators within
the 10 to 25-ft1bf (14 to 34 J) range. The Apparatus Section
{the paragraph regarding Specimen Clearance} of Test Methods
E23 discusses the two basic machine designs and a modifica-
tion found to be satisfactory in minimizing jamming.

A3.5 Velocity of Straining

A5.5.1 Veloeity of straining is likewise a variable that
affects the notch hehavior of steel. The impact test shows
somewhat higher encrgy absorption values than the static tests
dho\.(. ihc transition (emperature and yet, in some instances, the
Florid de true below the transition temperature.

‘Gﬂﬁtinn with Service

2 ¥éhile Charpy or Izod tests may not directly predict
the, {IEGE* or brittie behavior of sicel as commonly used in
larg$ 30ddses or as components of large structures, these tests
oin beniised as acceptance tests of identity for different Jots of
#e same steel or in choosing between different steels, when
correlation with reliable service behavior has been established.
Tt may h&.n&twmry © m.\kt m«. des
lunpuamua “other than roond i
temperayeber the transition, igmperature of full-scale speci-
mens A0S Ty give the §ip8ired transition temperatures Tor
Charpy of 1zod tésgs since the dd"and notch geometry may be
so different. Chemichl analysist Iénsion, and hardness ¢
not indicate the influence of some of the important processing
factors that affect susceptibility to brittle fracture nor do they

impact machines at speeds in excess of 50 ft (153 mys

A6. PROCEDURE FOR CONVERTING PERCE
N TO EQUIVALENT PERC]

A6.1 Scope

A6.1.1 This method specifics a procedure for converting
percentage elongation after fracture obtained in a standard
0.500-in. (12.7-mm) diameter by 2+in. (51-mm) gauge length
test specimen to standard flat test specimens 2 in. by 2 in. and
1Y% in. by 8 in. (38.1 by 203 mm).

A®6.2 Basic Equation

A6.2.1 The conversion data in this method are based on an
equation by Bertella,® and used by Oliver” and others. The
relationship between elongations in the standard 0.300-in.

# Bertalla, C. A., Giomale del Genio Civite, Vol 60, 1922, p. 343,
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the effect of low temperatures in inducing brittle

behavior.

l'A(-F ELONGATION OF A STANDARD ROUND TENSION TEST SPECI-
5 ONGATION OF A STANDARD FLAT

SPE/

TMEN

diameter by 2.0-in. test specimen and other standard specimens
can be calealated as follows:

[a47 (\/A)eLl

6=

(A6.1)

where:

= percentage clongation after fracture on a standard test
specimen having a 2-in. gauge length and 0.500-in.
diameter,

e,

° Qliver, D. A, Proceedings of the Institution of Mechanical Engineers. 1928, p.
27.
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e = percentage elongation after fracture on a standard test
specimen having a gauge length L and a cross-sectional
area A, and

a constant characteristic of the test material.

A6.3 Application

A6.3.1 In applying the above equation the constant @ is
characteristic of the test material. The value @ = 0.4 has been
found to give satisfactory conversions for carbon, carbon-
manganese, molybdenum, and chremium- mnl)hdt,num steels
within the tensile strength range of 40 000 to 85 000 :Mb (275
to 585 MPay and in the hot-rolled, in the hof-taéd sand
normalized,

or in the annealed condition, withsd¢ MRS,

terapering. Note that the cold reduced and qhbhgl\éd i)

tempered states are excluded. For anncaled austmmc stdurﬁn&
lue @ = 0.127 has been found lmﬁwt'sahsfdu(\l'y‘

A6.3.2 Table A6.1 has been calculated taing @ = 0.4, witit
the standaed 0.500-in. (12.7-mm) diameter By 2-in, JS150E
gauge length test specimen as the referenge spuuﬁm' Lifd s
case of the subs 350kisn ) ¢
by 1.4-in. (35.6- mm) gavge kn;’Jh zu!d: 0.
diameter by 1.0-in. (254-mm), g92¢ teqg 'ljlp'm;lm in the
equation is 4.51 instead of 4.47.7FH¢ st ffoduced by
using Table A6.1 for the subgiz8Specimens hiy 1
Table A6.2 for anncaled abikhitd ok

colecte

steels had

taking @ = 0.127, with the 5@3@5“@500 0. (]:‘;l;lékl by 2-ing
gauge length test specimen as 4w g;gqlemu !pu:mrmn 4

A63.3 Elongation given for & standard 0,500-7. diagrfchés
by 2-in. gauge length specimen may he convell to cloggatyt
for Yo in. by 2 in. or 1% in. by S-in. (38.13y¢ 203,ibi BaL
specimens by multiplying by the indicated fadthf id I8k b1
and Table AB.2. ey

A6.3.4 These elongation conversions shall m)t hL used
where the width to thickness ratio of the test piece exbeeds 20,
as in sheet specimens ander 0.025 in. (0.635 mm} in thickness.

A6.3.5 While the conversions are considered to be reliable
within the stated limitations and may generally be used in
specification writing where it is desirable to show equivalent
elongation requirements for the several standard ASTM tension
specimens covered in Test Methods A370, consideration must
be given to the metallurgical effects dependent on the thickness
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TABLE A6.1 Carbon and Alloy Steels—Material Constant a = 0.4,
Multiplication Factors for Converting Percent Elongation from¥z-
In. Diameter by 2-in. Gauge Length Standard Tenslon Test
Specimen to Standard Y by 2-in. and 1% by 8-in. Flat Specimens

Ve by 1% by 11 by
T“”:‘n"‘m' in. ain. T"”";“‘*s ain.
. Specimen Spacimen . Specimen
0.025 0574 0.800 0822
0.030 .59 0.850 0.832
0.085 0614 0.900 0841
0.040 0631 0.950 0850
0.045 0848 1000
0.050 0.660 1125
0.085 0672 1.250
0.080 0684 1378
0.065 0.695 1.500
0.070 0708 1625
0075 0715 1.750
0.080 0725 1.875
0.085 0.733 2000
000 o742 2125
Leslid 0.758 2.250
remames 072 2375
*8idii. omss 2.500
*gidg iy, oTss 2625
¢ OM4erEsl 0310 2750
Itooaddeitt os2i 2875
Qlamie’  osa 3.000
a4n s 0.843 3125
LA 0.852 3250
tresa0 0.862 3375
kb 0.870 3500
1rr0205 0.801 3625
0.250 0910 3750
0275 . 0928 3875
0300 *35TY 0944 4.000
0325 +-' 0050
0.350 3L31°0.873
0375 xne  0.087
0400 33" % 1000
0425.3" 11912
0450 024s
0475 1035
0.500 1045
0525 1056
0.550 1088
0575 1075
0.600 1.084
0625 1,093
0650 1101
0675 1110 .,
0.700 1118 0.800
0725 1.128 -
0.750 1134 0811

of the material as processed.



ﬂ% A370 - 14

TABLE A6.2 Annealed Austenitic Stainless Steels—Materiat
Constant a= 0,127, Multiptication Factors for Converting Percent
Elongation fromYz-in. Dlameter by 2-in. Gauge Length Standard
Tenslon Test Specimen to Standard % by 2-n. and 11% by 8-in.
Flat Specimens

Thickness. e by VB | ppiciess,  TEOY

zin sin S
Specimen __ Spacimen Specimen

0.025 0.839 . 0.800 0.940

0.030 0.848 . 0.850 0.943

0.900 0.947

0.950 0.950

1.000 0.953

1128 0.960

1.250 0.966

1.378 0.972

1.500 0.978

. 1825 0.983

*: 1750 0.887

ko 1875 0.902

: T 2000 0.986

. 2125 1.000




A7.1 Scope

A7.1.1 This method provides procedures for the tension
testing of multi-wire strand for prestressed concrete. This
method is intended for use in evaluating the strand properties
prescribed in specifications for “prestressing steel strands.”

A7.2 General Precautions
A7.2.1 Premature [ailuce of the test specimens may resultif
there is any appreciable notching, cutting, or bending of the
specimen by the gripping devices of the testing machine.
A7.2.2 Errors in testing may result if the seven wires
constituting the strand are not loaded uniformly.

A7.23 The mechanical properties of the strand ;llla\)' be
materially allecled by excessive heating dulmg; spegimen
preparation. win.

A7.24 These difiiculties may be PR REL
the suggested methods of gripping descri hul m bits

QDL IO J‘J&\
5o eeee

N
RS

A7.3 Gripping Devices

A7.3.1 The true mechanical properties ml‘ 'Ihc strand age
determined by a test in which fracture of ll\L‘ spcum'cp_qqq\qg
in the free span between the jaws of the esg0g IOEITEE
Therefore, it is desirable to «,smhh%‘] - lml ﬁﬁ)‘ciﬂﬁﬁu mm
suitable s which will
Due to inherent ph wkrm{ qr\dmdlml
machines, it is not practical to rgt}gpn\glngifggql:@gml gripping
procedure that is suitable fo; phiRgstng tiachgess Therefore, it
is nes ry 1o determine, YR of the melifdisidf gripping
described in A7.3.2 to A3 Blmost suita§IbiG¥the testing
equipment available. 53 H

A7.3.2 Standard V-Grips \wﬂu S&;!mléd Teerh’(Nme A7 3} :

3.3 Standard V-Grips Wlth Serratcd Teeth (l'vore A7 l)p
Umze Cushioning Material—In this m«.lhnd: f‘:'f'?.mfe’“‘ E
placed between the grips and the specimens ¥ WX ihc
notching effect of the teeth. Among the mattriahswhielt have
been used are icad foil, aluminum foll, carborurtdgihid §th, bra
shims, ete. The type and thickness of material® tdduired is
dependent on the shape, condition, and coarseness of'the teeth.
A734 Standard V-Grips with Serrated Teeth (Note A7.1),
Using Special Preparation of the Gripped Portions of the
Specimen—One of the methods used is tinning, in which the
gripped portions are cleaned, fluxed, and coated by mulliple
dips in molten tin alloy held just above the melting point.
Another method of preparation is encasing the gripped portions
in metal tubing or fAexible conduit, using epoxy resin as the
bonding agent. The encased portion should be approximatcly
twice the length of lay of the strand.

.....u .... :

AT.3.5 Special Grips with Smooth, Semi-Cylindrical
Graoves (Note A7.2)—The grooves and the gripped portions of
the &pcc men are Cm\le(l Wilh an ahrmi\c sllm‘v Which h(vl(ls‘

and 2 cartier such as water of gw rin,

.t

iy As70 - 14

A7. METHOD OF TESTING MULTI-WIRE STRAND FOR PR!

TRESSED CONCRETE

A7.3.6 Standard Sockets of the Type Used for Wire Rope—
The gripped portions of the specimen are anchored in the
sockets with zinc. The special procedures for socketing usnally
employed in the wire rope industry must be Tollowed.

A73.7 Dead-End Eye Splices—These devices are available
in sizes designed to fit each size of strand to be tested.

A7.3.8 Chucking Devices—Use of chucking devices of the
type generally employed for applying tension to strands in
casting beds is not recommended Tor testing purposes.

Nore A7.1—The number of teeth should be approximately 15 to 30 per
and the minjmum cfective gripping length should be approximately 4
102 mm).

Nots A7.2—The radius of curvature of the grooves is approximately
the same as the radius of the strand being tested, and is located Y42 in.
€0.79 mm) above the flat face of the grip. This prevents the two grips from
closing tightly when the specimen is in place.

A7.4 Specimen Preparation

A7A.1 If the moken-metal temperatures employed during
hot-dip tinning or socketing with metallic material are too high,
oyes approximately 700°F (370°C), the specimen may be heat
affgeiEts With .a subsequent loss of strength and ductility
Cartih sedvature contrals should be maintained if such
Iﬁclht.)d'% E)‘E:sfvccimcn prepacation are used.

A7,é:ﬁéc.edure
Aﬂ'11 Yield Strength—For determining the

ield strength

.'Ili‘. % Class B-1 oxtensomeler (473 as described in Practice

. Apply an initial load of 10 % of the expected minimum
breaking st lu\glh (o the sf +hen attach the e

and adjust4gro a reading of ()(?Gl' m!m of gauge length. Then
increase th lond until the ’rsptnupr indicates an extension
of 1 %: Rebowd the load lm !l’lx“b‘kmnsmn as the yield strength.
The e cmnmulu may be fémd¥dd from the specimen after the
yield anglh has Been dut.rﬁlzngtd: .

A7.52 Elongation—For determining the clongation use a
Class D extensometer {A7.3 described in Practice E83,
having a gauge length of not less than 24 in. (610 mm) (A7.4).
Apply an initial load of 109 of the reguired minimum
breaking strength to the specimen, then attach the exte
{A7.3)and adjust it to a zero reading. The extensometer may be
removed from the specimen prior to rupture after the specified
minimum elongation has been exceeded. Tt is not necessary to
determine the final elongation value.

A7.3.3 Breaking Strength—Delermine the maximum load at
which one or more wires of the strand are fractured. Record
this load as the breaking strength of the strand.

Nots A7.3—The yicld-strength extensometer and the clongation exten-
someter may be the same instument of two separate instuments. Two
separate instruments are advis:
extensometer,
vemoved following the determination of yield
exiensometer may be constructed with less sensitive parts or be con-
structed in such a way that Jittle damage would result if fracture occurs
while the extensometer is attached to the specimen.




Nors A7.4—Specimens that break outside the extensometer or in the
and yet meet the minimum specified values are considered as
weeting the mechanical property requirements of the product
specification, regardless of what procedure of gripping has been used.
Specimens that break outside of the extensometer or i the jaws and do not

A8.1 Rounding

A8.1.1 An observed value or a calculated value shall be
rounded off in accordance with the applicable pmduct Spt

tion. Tn the absence of a specified procedure, lhomundmg-
off method of Practice E20 shall be used.  3333ssess.

AS.L1.1 Values shall be rounded up or mm;(ge:b dppat ae;
determined by the rules of Practice E2%. 1ridd

A8.1.1.2 In the special case of mumimg)Dt.)l\lmhu "5‘
when no additional numbers other than “0% dbllow the “5.™"
rounding shall be dene in the direction (wl-ﬂn speci ification

iy As70- 12

meat the minimum specified values are subject o retest. Specimens that
break between the juws and the extensometer and do not meet the
minfmum specified values we subject to wetest as provided in the
applicable s

ification.

ING OF TEST DATA

A8.1.2 Recommended levels for rounding reported values
of test data are given in Tabde A8.1. These values are designed
to provide uniformity in reporting and data storage, and should
be used in all cases except where they conflict with specific
roquitements of a product specification.

Nore A8.1—To minimize cammtative errors, whenever possible, values
should be carried to at least one figure beyond that of the final (rounded)
value during intervening ions (such as calcutation of stress from
load and arca measurements) with rounding occurring as the final

<53tlohe The precision misy be less than that implied by the number of

R
* S!kﬁlﬁ&‘@ TSU“’A-

fimits if following P
material.
I
I TABLEA&{ F&ﬁ&&iﬁex&ﬂ'\lﬁlues o mﬁfdmg Test Data

Test Quantty Srer et Test ORm*Range Rounded Values
Yield Point, —en : 3 wptoso 000 psl exc[ $P I ke 100 psi {0.1 ksf}
Yield Strength, TN is000 0 pst.sexol 450 1o 100 ksi) 500 psi (0.5 ksi)
Tensile Strength it edoooo psl Bnd e&:bve (460 ksi and above} 1000 psi (1.0 ksi}

S0 0% to 500 MPs, excl .

$5 0580 to 1000 MPa, excl et

134 0201000 MPa adsbove JOOT
I R R4 19344
i Proguay Wik,

Elongation So 0% sncabove ISR

W aer PR

I38he ednias o e

i LlipRIe R ed o neer

Reduction of Area FREERT LT o

Satirianer

walies

impact Energy bR :mwso ftibf for  to 325 J) 1 ftdbt for 1
Brinell Hardness R fabular value’
Fockwell Hardness ausscalee. 1 Rockwell Number

# Round test data to e nearest integral multiple of the values in this column. If the data value is exactly midway between two rounded values, rourd in accordance with

JEAREN

& Thess units are not equivalent but tha rounding occurs in the same numerical ranges for each. (1 b

=1.386 )
© Round the mean diameter of the Brinell impression to the nearest 0.05 mm and report the corrasponding Brinell hardness number read from the table without further

rounding.
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AY. METHODS FOR TEST!

A9.1 Scope

A9.1.1 This annex contains testing requirements for Steel
Reinforcing Bar that are specific to the product. The require-
ments contained in this annex are supplementary (o those found
in the general section of this specification. In the case of
conflict between requiternents provided in this annex and those
found in the general section of this specification, the require-
ments of this annex shall prevail. In the case of conflict
between requirements provided in this annex and requirements
found in product specifications, the requirements l(mnd«m the
product specification shall prevail.

A9.2 Test Specimens

AD2.1 All test specimens shall be the full sebiddor (ﬁebui

as rolied. iy

A9.3 Tension Testing :: :
A9.3.0 Test Specimen—Specimens for l\.ﬂEmn 1L<L§.ﬂﬂf

jong enough (o provide for an 8-in. (200-mm) gaigd kil

distance of at Jeast two bar diametars buwsx,n aa&) W 16 qele s
and the grips, plus sufficient <\¢Id_|!3g|3§l;kngﬁg g(g gr!l: !,I;e'-nps

completely &
grip.
A9.3.2 Gripping Devices¥ fuggnps shqll’tzc‘s)pmmcd S0
that no more than ¥2 in. (‘ﬁ jaadd 0[ a grip WQWGQS from the
head of the testing machtdd 13 .
N MY s
A9.3.3 Gauge Marks i Bl 300D- m‘nﬂ'ﬂ'dl% Tenglth
shall be marked on the specimen WY"d preset 8% 11\. (200~ nimf
punch or, alternately, may be punch nmrkca-uuy 7.
mm) along the 8-in. (200-mm) gauge Tengtie fon onere

SIS

ng SOMe exec

a'ctpl \mguag p;ytmd each

o 5\9'4{1 £ Kontinuous and uniform  applic
P23

X ailes e s A9'

v STEEL REINFORCING BARS

A9.3.4 The yield strength or yield point shall be determined
by one of the following methods:

A9341
gram method or an extensometer as described in

Extension under load using an autographic dia-
14.1.2 and

A9.3.4.2 By the drop of the beam or halt in the gauge of the
i S ribed in 14.1.1 where the steel tested as
a sharp-kneed or well-defined type of yicld point.

A9.3.5 The unit steess determinations for yield and tensile
strength on full-size specimens shall be based on the nominal
bar area.

A9.4 Bend Testing
A94.1 Bend te

all be made on specimens of sufficient

lenglh,to ensure free bending and with apparatus which
« ol

ton of force

~de .;hmnpnooc tm:‘ duration of the bending operation,

2 nrestricted movement of the specimen at points
of cppt With the apparatus and bending around a pin free to
T st

2 2Ab13 Close wrapping of the specimen around the pin

“tlm‘mlr the bending operation.

A9.4.2 Other acceptable mpyg severe methads of hend
testing, sbhids placing a spediind’ across two pins free to
rotate and ﬂm ving the bcmﬁﬂg.lmu with a fix pin, may be
used.

LR 5

Tiees eoir

43;”wh'ou Jetesting % Pormitted by the product

longitudinal ribs, if present, or in clear spacgsiQl

tion pattern. The punch mar hatl not be ptit bh‘«(b{\bs\uw
deformation. Light punch marks are desirable’ bhddds

marks severely indent the bar and may affect (h«.\
bullet-nose punch is desirable.

the Wltbwing It afply:

A9 4.3.1 Sections of bar containing identifying roll marking
shall not be used.

A9.4.3.2 Bars shall be so placed that longitudinal ribs lie in
a plane at right angles to the plane of bending.

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

A10.1 Purpose

Al0.1.1 To ensure consistent and reproducible heat treat-
ments of production forgings and the test specimens that
represent them when the practice of heat-cycle simulation is
used.

Al0.2 Scope

A10.2.1 Generation and documentation of actual production
time—temperature curves (MASTER CHARTS).

A10.2.2 Controls for duplicating the master cycle during
heat treatment of production forgings. (Fleat treating within the
essential variables established during A1.2.1).

A10.23 Preparation of program charts for the simulator
unit.

A10.2.4 Monitoring and inspection of the simulated cycle
within the limits established by the ASME Code.

Al0.2.5 Documentation and storage of all controls,
inspections, charls, and curves.
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A10.3 Referenced Documents

A10.3.1 ASME Standards:*

ASME Boiler and Pressure Vessel Code Section TIL latest
edition.

ASME Beoiler
sion

and Pre:
2, latest edition.

sure Vessel Code Section VIIL

Di
A10.4 Terminology

Al04.1 Definitions:

Al04.1.1 master chart—a record of the heat lrceumcnl
received from a forging essentially identical to the pry
forgings that it will represeat. Tt is a chart ul'mgg and
temperature showing the output from thermocoupies ihbadded
in the forging at the desi test immersion apd 18LIBAET
or Jocations.

A104.1.2 program chart—the metallizedh $hedt usedid!
program the simulator unit. Time-temperatgresdata from the

All charts are to be clearly identified with all pertinent
information and identification required for maintaining perma-
nent records.

Al10.5.1.2 Thermocouples shall be imbedded 180° apart if
the material specification requires test locations 180° apart.

A10.5.1.3 One master chart (or twi
damcc with AT0.5.3.1) shall be produced to represent essen-
i i i rgings (same size and s qu Any change in
size or geometry {ex z rough ining tolerances) of a
forging will necessitate that a new master cooling curve be
developed.

if required in accor-

A10.5.1.4 1f more than one curve is requited per masier
Forging (1807 apart) and a difference in cooling rate is
achieved, then the most conservative curve shall be used as the
master curve.

A10.5.2 Reproducibility of Heat Treaiment Parameters on

daction Forgings:

master chart are manually transferred to the Jrdgram chart,
Al04.1.3 simulator chari—a record of 19 heat treafqght,
that a test specimen had received i the simlator udds 16433
chart of time and temperature and can be compRidhdisdini s z\b
the master chart for of dupfiEhbions s3etatitases
A104.1.4 simulator cycle—og ypprinpons fept o ‘ttt!mmnl
of a set of specimens in the sigQdatht unj TEsende includes
heating Trom ambient, holding 3¢ Jbpedttitd 3d Eboling. For
example, a simulated uu;\'go:ail.jz:é and quc?f:?;?i a set of
specimens would be one a!ulen\sinmlmcd tomperal the same

specimens would be anothegoyetas, FE T e :
A10.5 Procedure ‘2:::‘: Tl a
et 19}
1 Production Master Charts: et

1.1 Thermocouples shall be imbedilidsin ead
ing from which a master chart is obtained. Tuv oF

monitored by a recorder with resolution \uﬂx
define all aspects of the heating, helding, and ube& ﬂowxs

W

BT aud

*IAAJ0RLL AN information pertaining to the quench and

saess

+o tehipde §€ e master forging shall be recorded on an appro-

‘gxrmt'o: inb'muuun record, similar to the one shown in Table

gl
AIDEL2 ANl mformation pertaining to the quench and
terddrs W the production forgings shall be appropriately
preferably on a form similar fo that used in

iR$2.1. Quench records of production forgings shall be

* retained Km tuture reference. The quench and temper record of

the master fptging shall be retatdett as a permancnt record.
AI0528 % ¢ forging record shall be
stored mtlrﬂvhun lrt.Alanl 111&)1(1 of the production forging.
A]U‘?lﬂ' The Lssu\lmt}ﬁ{u\bks as set forth on the heat
treat recotd, shdﬂ.ht.mlmnlkdwﬁnn the given parameters on
the praduction forgi. ol
A10.5.2.5 The temperatute of the q\mndnng medium prior
to qm,m,hmg, each production Torging shall be equal to or lower

TABLE A10.1 Heat-Treat Record-Essential Variables

Master
Forging

Production
Forging 1

Production
Forging 2

Production
Forging 3

Produstion
Forging 4

Production
Forging 5

Program chart numper

Time at temperatute and actual temperatire of
heat treatment

Weihod of cooling

Forghg tinass

immersion

enzsmh buffer {yesno)

orging number

rocuct

aterial

Tocation—0 deg

Thermocouple iocation—180 deg

wench tank No.

ate of heat reatment

urnace number

te number

feat treater

ring quench mediam

Time from fumace to_quen

Heating rate above 1000°]

5

2,
Temperature upon removal rom quench aier 5

min
Orientation of forging In quench

48



than the temperature of the quenching medium prior to
quenching the master forging.

A10.5.2.6 The time elapsed Trom opening the furnace door
to quench for the production forging shall not exceed that
elapsed for the master forging.

A10.5.2.7 Tf the time parameter is exceeded in opening the
furnace door to beginning of quench, the forging shall be
placed back into the furnace and brought back up to equatiza-
tion temperature.

Al0.52.8 Al forgings represented by the same master
forging shall be quenched with like orientation to the surface of
the quench bath.

.9 Al production forgings shall be quun;hsﬂ)u the
ame quench tank, with the same agitation aulﬁo.m ter
forging . :

AL0.5.2.10 Uniformity of Heat Treat Pammegm-(/:}:”fbg:
difference in actual heat treating temperaturg pERden prolgs:
tion forgings and the master forging used 1&+dstablish 1hd!
simulator cycle for them shall not exceed +2a‘F (+14°C) for
the guench cycle. (2} The tempering tcmp«.mluu. of, ke
production forgings shall not fall below 1hcmuugl.gempngg
temperature of the master forging.

.o

production load. Temperature shall 3 &cosddd fdtall siftace
thermocouples on a Time Tui‘i;eﬁl:ue ‘I{«;@'o'r:l;i “and such
records shal} be retained as Qemmmnidoﬂmmﬁalmn
Hear-Cycle Stmgllut
1 Program ciidids il be mcuk?" ﬂdrh the data
recorded on the master chdid JATELspecimbds 30411 be gwui
the same heating rate above,” & .Ai}l‘ whe safic Bélding ume
and the same cooling rate as thetproduiction, forgings.
A10.53.2 The heating cycle above the ACH3 j portiop 7 abs
holding eycle, and the cooling portion of mmm«um shan
be duplicated and the allowabie limits on tempbididtadd e,
as specified in (a)-(c). shall be established for-wr:ﬁaalmn of
the adequacy of the simulated heat treatment.
(a) Heat Cycle Simulation of Test Coupon Heat $reatment
for Quenched and Tempered Forgings and Bars—If cooling
rate data for the forgings and bars and cooling rate control
devices for the test specimens are available, the test specimens
may be heal-treated in the devi
{&) The test coupons shall be heated to substantially the
same maxinwm temperature as the forgings o bars. The test
coupons shall be cooled at a rate similar to and a0 Taster than
the cooling rate representative of the test locations and shall be
within 25°F (14°C) and 20 s at all temperatures after cooling
begins. The test coupons shall be subsequently heat treated in
accordance with the thermal treatments below the critical
temperature including tempering and simulated post weld heat
treatment.
(¢} Simulated Post Weld Heat Treatment of Test Specimens
(for ferritic steel forgings and ba cept for carbon steel (P
Number 1, Section IX of the Code) forgings and bars with a
nominal thickness or diameter of 2 in. (51 mm) or les:
specimens shall be given a heal treatment to simulate any
thermal treatments below the critical temperature that the
forgings and bars may receive during lfabrication. The simu-
fated heat treatment shall wtilize temperatures, times, and

-p..

RIS
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(3) AUIGH S S00IRT L0020
sucface thermocouple shall be placeds§n A‘uh.f«iﬁg!dg’h. oem

Sreean

*for deviation from the master chart s

iy As70 - 14

cooling rates as specified on the order. The total time at
temperature(s) for the test material shall be at least 80 % of the
total time at temperature(s) to which the forgings and bars are
subjected during postweld heat treatment. The total time at
temperaturels) for the test specimens may be performed in a
single cycle.

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

A10.5.3.4 At least one thermocouple per specimen shall be
used for continuous recording of temperature on an indepen-
dent external temperature-monitoring source. Due to the sen-
sitivity and design peculiarities of the heating chamber of
certain equipment, it is mandatory that the hot junctions of
control and monitoring thermocouples always be placed in the
same relative position with respect to the heating source
(generally infrar

i$:3.3.5 Each individual specimen shall be identified. and
ation shall be clearly shown on the simulator
chididt Silutator cycle record.
+ ARS8 he simulator chart shall be compared to the
o lOI‘:(;h";I. for accurate reproduction of simulated quench in
ac m(]!mee “with A10.5.3 2a). T any one specimen is not heat
Lrphtet $ithin the acceptable limits of temperature and time,
;leﬂ%bcumcn shall be thx..mlul and replaced by a newly
i of such action and reasons
all be shown on the
simulator, chast, and on the cpsresponding nonconformance
report.  2e®

Al0, gfkéi;ém Trmtqutj zlil;i:ﬂet('sting:
A3 Ip the eventiGl putbst faiture, retesting shall be

handled, I]f nu.MAL\mL with' Wl% set forth by the material

if N 444

Al0.542 If retesting is pm‘mi ‘xbk. a new fest specimen
shall be heat treated the same as previousty. The production
forging that it represents will have received the same heat
treatment. If the test passes. the forging shall be acceptable. If
it fails, the forgi hall be rejected or shall be subject to reheat
treatment 1f permissible.

Al0.54.3 If reheat treatment is permissible, proceed as
follows: (1} Reheat treatment same as original heat (reatment
(time, temperature, cooling rate): Using new test specimens
from an area as close as possible to the original specimens,
repeal the austenitize and quench cycles twice, followed by the
tempering cycle (double quench and temper). The production
forging shall be given the identical double quench and temper
as its test specimens above. (2) Reheat treatment using a new
heat treatment practice. Any change in time, temperature, or
cooling rate shall constitute a new heat treatment practice. A
new master curve shall be produced and the simulation and
testing shall proceed as originally set forth.

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

AlQ3.5 Storage, Recall, and Docwmnentation of Heat-Cycle
Simudation Data—All tecords pertaining to heat-cycle simula-
tion shall be maintained and held for a period of 10 years or as



designed by the customer. Information shall be so organized
that all practices can be verified by adequate documented
records.

SUMMARY OF CHAN:

SES

Committee AO1 has identified the location of selected changes to this standard since the lastissue (A370 - 13)
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