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

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

€' Note—The title of Figure 3 was corrected editorially in August 2002.

1. Scope 1.5 When this document is referenced in a metric product
1.1 These test methotisover procedures and definitions specification, the yield and tensile values may be determined in
for the mechanical testing of wrought and cast steels, stainlesgCh-pound (ksi) units then converted into SI (MPa) units. The
steels, and related alloys. The various mechanical tests hereffongation determined in inch-pound gage lengths of 2 or 8 in.
described are used to determine properties required in tH@@y be reported in SI unit gage lengths of 50 or 200 mm,
product specifications. Variations in testing methods are to bEeSpectively, as applicable. Conversely, when this document is
avoided, and standard methods of testing are to be followed t¢férenced in an inch-pound product specification, the yield
obtain reproducible and comparable results. In those cases #d tensile values may be determined in Sl units then con-
which the testing requirements for certain products are uniqu¥erted into inch-pound units. The elongation determined in Si
or at variance with these general procedures, the produétlit gage lengths of 50 or 200 mm may be reported in

specification testing requirements shall control. inch-pound gage lengths of 2 or 8 in., respectively, as appli-
1.2 The following mechanical tests are described: cable. uo .

Sections 1.6 Attention is directed to Practices A 880 and E 1595

Tension 510 13 when there may be a need for information on criteria for

Bend 14 evaluation of testing laboratories.

Hardness s 1.7 This standard does not purport to address all of the
Rockwell 17 safety concerns, if any, associated with its use. It is the
Portable 18 responsibility of the user of this standard to establish appro-

Impact 19 to 28

priate safety and health practices and determine the applica-

) _ . ) bility of regulatory limitations prior to use.
1.3 Annexes covering details peculiar to certain products

Keywords 29

are appended to these test methods as follows: 2. Referenced Documents
Bar Product A:fix 2.1 ASTM Standards:
ar Products . e - H
Tubular Products Annex A2 A 703/A 703M Specification for Ste_e! Castings, General
Fasteners Annex A3 Requirements, for Pressure-Containing Parts
g_ouhfd Wire PffONdutct; Bar Imoact Tecti ﬁﬂnex 2‘51 A 781/A 781M Specification for Castings, Steel and Alloy,
Ignificance O otched-bar Impact lesting nnex . -
Converting Percentage Elongation of Round Specimens to Annex A6 Common Requwements’ f.OI‘ General Industrial %J-SG
Equivalents for Flat Specimens A 833 Practice for Indentation Hardness of Metallic Mate-
;estin(? MU'tfi-;NifteDSttfand //:nnex 2; rials by Comparison Hardness Tesfers
ounaing or les: ata nnex - . . . . .
Methods for Testing Steel Reinforcing Bars Annex A9 A 880 Practice for Criteria for Use in Evaluation of Testing

Procedure for Use and Control of Heat-Cycle Simulation Annex A10 Laboratories and Organizations for Examination and In-
spection of Steel, Stainless Steel, and Related Atloys

E 4 Practices for Force Verification of Testing Machihes

E 6 Terminology Relating to Methods of Mechanical Test-
ing®

E 8 Test Methods for Tension Testing of Metallic Matefals

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

1 These test methods and definitions are under the jurisdiction of ASTM
Committee AO1 on Steel, Stainless Steel and Related Alloys and are the direct
responsibility of Subcommittee A01.13 on Mechanical and Chemical Testing and
Processing Methods of Steel Products and Processes. -

Current edition approved Jan. 10, 2002. Published March 2002. Originally *Annual Book of ASTM Standardgol 01.02.

published as A 370 — 53 T. Last previous edition A 370 — 01. 4 Annual Book of ASTM Standardgol 01.05.
2 For ASME Boiler and Pressure Vessel Caajgplications see related Specifi- > Annual Book of ASTM Standardgol 01.03.
cation SA-370 in Section Il of that Code. ¢ Annual Book of ASTM Standardgol 03.01.
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E 8M Test Methods for Tension Testing of Metallic Mate- testing prior to fabrication may not necessarily be representa-

rials [Metric]® tive of the product after it has been completely fabricated.
E 10 Test Method for Brinell Hardness of Metallic Materi- 3.2 Improper machining or preparation of test specimens

als may give erroneous results. Care should be exercised to assure
E 18 Test Methods for Rockwell Hardness and Rockwellgood workmanship in machining. Improperly machined speci-

Superficial Hardness of Metallic Materiéls mens should be discarded and other specimens substituted.
E 23 Test Methods for Notched Bar Impact Testing of 3.3 Flaws in the specimen may also affect results. If any test

Metallic Material$ specimen develops flaws, the retest provision of the applicable
E 29 Practice for Using Significant Digits in Test Data to product specification shall govern.

Determine Conformance with Specificatiéns 3.4 If any test specimen fails because of mechanical reasons
E 83 Practice for Verification and Classification of Exten-g,ch as failure of testing equipment or improper specimen

someter$ . _ preparation, it may be discarded and another specimen taken.
E 110 Test Method for Indentation Hardness of Metallic

Materials by Portable Hardness Testers 4. Orientation of Test Specimens

E 190 Method for Guided Bend Test for Ductility of Wefds . o ) . )

E 208 Test Method for Conducting Drop-Weight Test to 41 The terms “longitudinal test” and “transverse test” are
Determine Nil-Ductility Transition Temperature of Ferritic US€d only in material specifications for wrought products and
Steelé are not applicable to castings. When such reference is made to

E 290 Test Method for Bend Test of Material for Ductifity @ t€St coupon or test specimen, the following definitions apply:

chanical Testing Laboratoris wise, signifies that the lengthwise axis of the specimen is

2.2 Other Document: parallel to the direction of the greatest extension of the steel
ASME Boiler and Pressure Vessel Code, Section VIiI,during rolling or forging. The stress applied to a longitudinal

Division |, Part UG-84 tension test specimen is in the direction of the greatest
extension, and the axis of the fold of a longitudinal bend test

3. General Precautions specimen is at right angles to the direction of greatest extension

3.1 Certain methods of fabrication, such as bending, form{Fig- 1. Fig. 2a, and 2b). - . .
ing, and welding, or operations involving heating, may affect '4._1_.2 Transverse Tesun!ess specmcally def|r_1ed otherwge,
the properties of the material under test. Therefore, the produdidnifies that the lengthwise axis of the specimen is at right
specifications cover the stage of manufacture at which meangles to the direction of the greatest extension of the steel

chanical testing is to be performed. The properties shown bfuring rolling or forging. The stress applied to a transverse
ension test specimen is at right angles to the greatest exten-

sion, and the axis of the fold of a transverse bend test specimen
is parallel to the greatest extension (Fig. 1).
7 Annual Book of ASTM Standardgol 14.02. 4.2 The terms “radial test” and “tangential test” are used in

8 Available from American Society of Mechanical Engineers, 345 E. 47th Street,material Spe(:lflcat'ons for some Wrought C|rcu|ar products and
New York, NY 10017.

E——

LONGITUDINAL SPECIMEN

LONGITUDINAL FL AT TENSION TEST

LONG!TUDINAL ROUND TENSION TEST

LONGITUDINAL
BEND TEST

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

TRANSVERSE SPECIMEN
TRANSVERSE FeAT
TRANSVERSE
BEND TEST
TRANSVERSE

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

are not applicable to castings. When such reference is made to TENSION TEST
a test coupon or test specimen, the following definitions apply: o
4.2.1 Radial Test unless specifically defined otherwise, °- Description
signifies that the lengthwise axis of the specimen is perpen- 5.1 The tension test related to the mechanical testing of steel
dicular to the axis of the product and coincident with one of theproducts subjects a machined or full-section specimen of the
radii of a circle drawn with a point on the axis of the product material under examination to a measured load sufficient to
as a center (Fig. 2a). cause rupture. The resulting properties sought are defined in
4.2.2 Tangential Testunless specifically defined otherwise, Terminology E 6.
signifies that the lengthwise axis of the specimen is perpen- 5.2 In general, the testing equipment and methods are given
dicular to a plane containing the axis of the product and tangerih Test Methods E 8. However, there are certain exceptions to
to a circle drawn with a point on the axis of the product as aTlest Methods E 8 practices in the testing of steel, and these are
center (Fig. 2a, 2b, 2c, and 2d). covered in these test methods.
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6. Terminology of reduced section, or the distance between the grips for test
6.1 For definitions of terms pertaining to tension testing,SPe€cimens not having reduced sections. In any event, the

including tensile strength, yield point, yield strength, elonga-Minimum speed of testing shall not be less thén the
tion, and reduction of area, reference should be made tgpecified maximum rates for determining yield point or yield

Terminology E 6. strength and tensile strength.
7.4.2 1t shall be permissible to set the speed of the testing
7. Testing Apparatus and Operations machine by adjusting the free running crosshead speed to the

7.1 Loading SystemsThere are two general types of load- above specified values, inasmuch_ as the rate _of separation of
ing systems, mechanical (screw power) and hydraulic. Thesl@ead_s_ under load at these _machme settings is less than the
differ chiefly in the variability of the rate of load application. SPecified values of free running crosshead speed. _

The older screw power machines are limited to a small number 7-4-3 As an alternative, if the machine is equipped with a
of fixed free running crosshead speeds. Some modern screffpVice to indicate the rate of loading, the speed of the machine
power machines, and all hydraulic machines permit steplesfé_om hal_f the specmed yield point oryleld strength through the
variation throughout the range of speeds. yield point or yield strength may be adju_sted so that th_e rate of

7.2 The tension testing machine shall be maintained in goo8{reéssing does not exceed 100 000 psi (690 MPa)/min. How-
operating condition, used only in the proper loading range, an§Ve'. the minimum rate of stressing shall not be less than
calibrated periodically in accordance with the latest revision oft0 000 psi (70 MPa)/min.

Practices E 4. 8. Test Specimen Parameters

Note 1—Many machines are equipped with stress-strain recorders for 8.1 Selectior—Test coupons shall be selected in accordance
autographic plotting of stress-strain curves. It should be noted that somgith the applicable product specifications.
recorders have a load measuring component entirely separate from the8 1.1 Wrought Steels-Wrought steel products are usually
load indicator of the testing machine. Such recorders are calibratefj ) d in the | itudinal di . but | h
separately. gste n t'e ongitudinal |rect|9n, . _ut m some' ca;es,_w ere
size permits and the service justifies it, testing is in the

7.3 Loading—lt is the function of the gripping or holding ansyerse, radial, or tangential directions (see Fig. 1 and Fig.
device of the testing machine to transmit the load from thez

heads of the machine to the specimen under test. The essentlgg'l_z Forged Steels-For open die forgings, the metal for

requirement is that the load shall be transmitted axially. Thi%ension testing is usually provided by allowing extensions or

implies that the centers of the action of the grips shall be in, 4 5ngations on one or both ends of the forgings, either on all
alignment, insofar as practicable, with the axis of the specimeg, representative number as provided by the applicable

at the beginning and during the test and that bending ofoqct specifications. Test specimens are normally taken at
twisting be held to a minimum. For specimens with a reduce

; = X : “mid-radius. Certain product specifications permit the use of a
section, gripping of the specimen shall be restricted to the gripsresentative bar or the destruction of a production part for

section. In the case of certain sections tested in full sizeggi nyrposes. For ring or disk-like forgings test metal is
nonaxial loading is unavoidable and in such cases shall bgy\ijeq by increasing the diameter, thickness, or length of the
permissible. . . forging. Upset disk or ring forgings, which are worked or
7.4 Speed of TestingThe speed of testing shall not be oytended by forging in a direction perpendicular to the axis of
greater than that at which load and strain readings can be ma forging, usually have their principal extension along
accurately. In production testing, speed of testing is Commonl\éoncentric circles and for such forgings tangential tension

expressed]) in terms of free running cro_sshead speed (rate 0§ hecimens are obtained from extra metal on the periphery or
movement of the crosshead of the testing machine when nf, 4 of the forging. For some forgings, such as rotors, radial

‘;”der '%a?])' or3 in terrr;]; of rate cl)f separation of t?e WO tension tests are required. In such cases the specimens are cut
eads of the testing machine under load,3)iiif terms of rate trepanned from specified locations.

of stressing the specimen, @) {n terms of rate of straining the g 1 3 cast Steels-Test coupons for castings from which

specimen. The following limitations on the speed of testing argesjon test specimens are prepared shall be in accordance with

recommended as adequate for most steel products: the requirements of Specifications A 703/A 703M or A781/
NoTe 2—Tension tests using closed-loop machines (with feedbaci® 781M, as applicable.

control of rate) should not be performed using load control, as this mode 8.2 Size and TolerancesTest specimens shall be the full

of testing will result in acceleration of the crosshead upon yielding andhickness or section of material as-rolled, or may be machined

elevation of the measured yield strength. to the form and dimensions shown in Figs. 3-6, inclusive. The
7.4.1 Any convenient speed of testing may be used up tselection of size and type of specimen is prescribed by the

one half the specified yield point or yield strength. When thisapplicable product specification. Full section specimens shall

point is reached, the free-running rate of separation of thée tested in 8-in. (200-mm) gage length unless otherwise

crossheads shall be adjusted so as not to ex¥sed. per min  specified in the product specification.

per inch of reduced section, or the distance between the grips 8.3 Procurement of Test SpecimenSpecimens shall be

for test specimens not having reduced sections. This speeatheared, blanked, sawed, trepanned, or oxygen-cut from por-

shall be maintained through the yield point or yield strength. Intions of the material. They are usually machined so as to have

determining the tensile strength, the free-running rate of reduced cross section at mid-length in order to obtain uniform

separation of the heads shall not exc&eth. per min perinch  distribution of the stress over the cross section and to localize
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DIMENSIONS
Standard Specimens Subsize Specimen
Plate-Type, Sheet-Type, . -
1¥2-in. Wide Yo-in. Wide Yarin. Wide
in. mm in. mm in. mm
G—Gage length (Notes 1 and 2) 8.00 + 0.01 200 * 0.25 2.000 * 0.005 50.0 = 0.10 1.000 + 0.003 25.0 + 0.08
W—Width (Notes 3, 5, and 6) 1Y2+ Y8 40+ 3 0.500 + 0.010 125 + 0.25 0.250 = 0.002 6.25 = 0.05
- Ya -6
T—Thickness (Note 7) Thickness of Material
R—Radius of fillet, min (Note 4) Y2 13 Y2 13 Ya 6
L—Over-all length, min (Notes 2 and 8) 18 450 8 200 4 100
A—Length of reduced section, min 9 225 2Y4 60 1Y 32
B—Length of grip section, min (Note 9) 3 75 2 50 1Ya 32
C—Width of grip section, approximate 2 50 Ya 20 EZ] 10

(Notes 4, 10, and 11)

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

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

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

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

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

Note 6—The specimen may be modified by making the sides parallel throughout the length of the specimen, the width and tolerances being the same
as those specified above. When necessary a narrower specimen may be used, in which case the width should be as great as the width of the material being
tested permits. If the width is¥2 in. (38 mm) or less, the sides may be parallel throughout the length of the specimen.

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

Note 8—To aid in obtaining axial loading during testing ¥fin. (6-mm) wide specimens, the over-all length should be as the material will permit.

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

Note 10—For standard sheet-type specimens and subsize specimens the ends of the specimen shall be symmetrical with the center line of the reduced
section within 0.01 and 0.005 in. (0.25 and 0.13 mm), respectively. However, for steel if the end¥sirth@l2.5-mm) wide specimen are symmetrical
within 0.05 in. (1.0 mm) a specimen may be considered satisfactory for all but referee testing.

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

FIG. 3 Rectangular Tension Test Specimens

the zone of fracture. When test coupons are sheared, blankgahevious processing will not be materially changed. It may be
sawed, or oxygen-cut, care shall be taken to remove bwccomplished by aging at room temperature 24 to 48 h, or in
machining all distorted, cold-worked, or heat-affected areashorter time at moderately elevated temperatures by boiling in
from the edges of the section used in evaluating the test.  water, heating in oil or in an oven.

8.4 Aging of Test SpecimerdJnless otherwise specified, it 8.5 Measurement of Dimensions of Test Specimens
shall be permissible to age tension test specimens. The time-8.5.1 Standard Rectangular Tension Test Specimenhisese
temperature cycle employed must be such that the effects déorms of specimens are shown in Fig. 3. To determine the
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DIMENSIONS
Standard Specimen Small-Size Specimens Proportional to Standard
Nominal Diameter in. mm in. mm in. mm in. mm in. mm
0.500 125 0.350 8.75 0.250 6.25 0.160 4.00 0.113 2.50
G—Gage length 2.00%= 50.0 = 1.400+ 35.0 = 1.000+ 25.0 = 0.640+ 16.0 = 0.450+ 10.0 =
0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500=+ 12,5+ 0.350=+ 8.75 = 0.250+ 6.25 = 0.160+ 4.00 * 0.113= 250 =
0.010 0.25 0.007 0.18 0.005 0.12 0.003 0.08 0.002 0.05
R—Radius of fillet, min EZ) 10 Ya 6 Y16 5 %32 4 Y32 2
A—Length of reduced section, 2Ya 60 134 45 1%a 32 s 20 Y8 16

min (Note 2)

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

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

Note 3—The gage length and fillets shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that
the load shall be axial (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip sectioglgreat enou
to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

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

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

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

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

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

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

thickness dimension shall be measured to the nearest 0.001 61 Plate-T Speci

for both specimens. - Fate-1ype specimen

8.5.2 Standard Round Tension Test Specimefhese 9.1 The standard plate-type test specimen is shown in Fig. 3.
forms of specimens are shown in Fig. 4 and Fig. 5. Tolhis specimenis used for testing metallic materials in the form
determine the cross-sectional area, the diameter shall B plate, structural and bar-size shapes, and flat material having
measured at the center of the gage length to the nearest 0.081n0minal thickness of1s in. (5 mm) or over. When product
in. (0.025 mm) (see Table 1). specifications so permit, other types of specimens may be used.

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

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

8.6.2 It is desirable to have the cross-sectional area of theominal thickness from 0.005 &in. (0.13 to 19 mm). When
specimen smallest at the center of the gage length to ensupeoduct specifications so permit, other types of specimens may
fracture within the gage length. This is provided for by thebe used, as provided in Section 9 (see Note 3).
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
in. mm in. mm in. mm in. mm in. mm
G—Gage length 2.000+ 50.0 = 2.000*+ 50.0 = 2.000*+ 50.0 = 2.000*+ 50.0 £ 2.00+ 50.0 =
0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500 = 125+ 0.500 = 125+ 0.500 = 12,5+ 0.500 = 12.5+ 0.500+ 125 *
0.010 0.25 0.010 0.25 0.010 0.25 0.010 0.25 0.010 0.25
R—Radius of fillet, min Vs 10 Y8 10 Y16 2 Y8 10 Y8 10
A—Length of reduced 2Y4, min 60, min 2%, min 60, min 4, ap- 100, ap- 2%, min 60, min 2%, min 60, min
section proxi- proxi-
mately mately
L—Over-all length, approximate 5 125 5% 140 5% 140 AYa 120 9Y> 240
B—CGCrip section 1%s, ap- 35, ap- 1, ap- 25, ap- Ya, ap- 20, ap- Y, ap- 13, ap- 3, min 75, min
(Note 2) proxi- proxi- proxi- proxi- proxi- proxi- proxi- proxi-
mately mately mately mately mately mately mately mately
C—Diameter of end section Ya 20 Ya 20 2¥35 18 ) 22 Ya 20
E—Length of shoulder and L L Y8 16 I & L §. Ya 20 s 16
fillet section, approximate
F—Diameter of shoulder L . g Y8 16 L .. Y8 16 1932 15

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

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

Note 3—The types of ends shown are applicable for the standard 0.500-in. round tension test specimen; similar types can be used for subsize
specimens. The use of UNF series of thre&dby 16,%> by 20,%s by 24, and/4 by 28) is suggested for high-strength brittle materials to avoid fracture
in the thread portion.

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

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

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

11.2 Fig. 4 also shows small size specimens proportional ti£nsion test specimen and within the parallel section; for the
the standard specimen. These may be used when it is necess&rif)- 9age length specimen, Fig. 3, one or more sets of 8-in.
to test material from which the standard specimen or specimer#29e marks may be used, intermediate marks within the gage
shown in Fig. 3 cannot be prepared. Other sizes of small roun§ngth being optional. Rectangular 2-in. gage length speci-
specimens may be used. In any such small size specimen it f8€ns, Fig. 3, and round specimens, Fig. 4, are gage marked
important that the gage length for measurement of elongatiolith @ double-pointed center punch or scribe marks. One or
be four times the diameter of the specimen (see Note 4, Fig. 4fnore sets of gage marks may be used; however, one set must

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

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

12.1 The specimens shown in Figs. 3-6 shall be gagé strain occurs without an increase in stress. Yield point is
marked with a center punch, scribe marks, multiple device, ointended for application only for materials that may exhibit the
drawn with ink. The purpose of these gage marks is taunique characteristic of showing an increase in strain without
determine the percent elongation. Punch marks shall be lighan increase in stress. The stress-strain diagram is characterized
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3

in. mm in. mm in. mm
G—Length of parallel Shall be equal to or greater than diameter D
D—Diameter 0.500 = 0.010 12.5+ 0.25 0.750 = 0.015 20.0 = 0.40 1.25 = 0.025 30.0 = 0.60
R—Radius of fillet, min 1 25 1 25 2 50
A—Length of reduced section, min 1Ya 32 1> 38 2Ya 60
L—Over-all length, min 3% 95 4 100 6%8 160
B—Grip section, approximate 1 25 1 25 1%a 45
C—Diameter of end section, approximate Ya 20 1Ys 30 17 48
E—Length of shoulder, min Ya 6 Ya 6 Y16 8
F—Diameter of shoulder Y+ Yea 16.0 = 0.40 %16+ Yea 24.0 = 0.40 1716+ Yea 36.5 = 0.40

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

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

Standard Specimen Small Size Specimens Proportional to Standard
0.500 in. Round 0.350 in. Round 0.250 in. Round
Dg(r:'rtwiiler, A_reg, Multiplying Dgﬁi?tler, Areg, Multiplying Dg(r:';i?tler, A_regl, Multiplying
} in. Factor } in. Factor ) in. Factor
in. in. in.
0.490 0.1886 5.30 0.343 0.0924 10.82 0.245 0.0471 21.21
0.491 0.1893 5.28 0.344 0.0929 10.76 0.246 0.0475 21.04
0.492 0.1901 5.26 0.345 0.0935 10.70 0.247 0.0479 20.87
0.493 0.1909 5.24 0.346 0.0940 10.64 0.248 0.0483 20.70
0.494 0.1917 5.22 0.347 0.0946 10.57 0.249 0.0487 20.54
0.495 0.1924 5.20 0.348 0.0951 10.51 0.250 0.0491 20.37
0.496 0.1932 5.18 0.349 0.0957 10.45 0.251 0.0495 20.21
(0.05)* (20.0)4
0.497 0.1940 5.15 0.350 0.0962 10.39 0.252 0.0499 20.05
(0.05)4 (20.0)4
0.498 0.1948 5.13 0.351 0.0968 10.33 0.253 0.0503 19.89
(0.05) (20.0)4
0.499 0.1956 5.11 0.352 0.0973 10.28 0.254 0.0507 19.74
0.500 0.1963 5.09 0.353 0.0979 10.22 0.255 0.0511 19.58
0.501 0.1971 5.07 0.354 0.0984 10.16
0.502 0.1979 5.05 0.355 0.0990 10.10
0.503 0.1987 5.03 0.356 0.0995 10.05
o.n" (10.0)*
0.504 0.1995 5.01 0.357 0.1001 9.99
(0.2)2 (5.04 0.1)2 (10.0*
0.505 0.2003 4.99 .. L S
02" (5.0
0.506 0.2011 4.97
02" (5.00*
0.507 0.2019 4.95
0.508 0.2027 4.93
0.509 0.2035 4.91
0.510 0.2043 4.90

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

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

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

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

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

-

Stress

Strain

3

Note 4—Automatic devices are available that determine the load at the
specified total extension without plotting a stress-strain curve. Such

devices may be used if their accuracy has been demonstrated. Multiplyingsrms of strain percent offset, total extension under load, etc.

calipers and other such devices are aqceptable for use provided th etermine yield strength by one of the following methods:
accuracy has been demonstrated as equivalent to a Class C extensometer,

Note 5—Reference should be made to Practice E 83. 1:‘3"2'1 Offset Me}hoﬁ'-TO determine the yield strength by -

Note 6—For steel with a yield point specified not over 80 000 psi (550 the “offset method,” it is necessary to secure data (autographic
MPa), an appropriate value is 0.005 in./in. of gage length. For value®r numerical) from which a stress-strain diagram may be
above 80000 psi, this method is not valid unless the limiting totaldrawn. Then on the stress-strain diagram (Fig. 9) layQofi
extension is increased. equal to the specified value of the offset, drawa parallel to

Note 7—The shape of the initial portion of an autographically deter- OA and thus locater, the intersection ofmn with the
mined stress-strain (or a load-elongation) curve may be influenced b ’

numerous factors such as the seating of the specimen in the grips, tf%éress'snam g Uy correspondmg to loky WhI.Ch is the
straightening of a specimen bent due to residual stresses, and the rapfi€!d-strength load. In recording values of yield strength
loading permitted in 7.4.1. Generally, the abberations in this portion of theobtained by this method, the value of offset specified or used,
curve should be ignored when fitting a modulus line, such as that used to

determine the extension-under-load yield, to the curve.

13.2 Yield Strength-Yield strength is the stress at which a

material exhibits a specified limiting deviation from the pro-
portionality of stress to strain. The deviation is expressed in
R fe — > > > A oo =
R———"———— - - -
o
(2]
] @
[ -
I, »
- | <
H |&
- |=
(2] [
I
I
: / Straoln
Strain 4 oke~=m
0 m om=Specified Offset
FIG. 7 Stress-Strain Diagram Showing Yield Point Corresponding FIG. 9 Stress-Strain Diagram for Determination of Yield Strength
with Top of Knee by the Offset Method
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or both, shall be stated in parentheses after the term yielflrther testing is indicated, but if the elongation is less than the
strength, for example: minimum requirements, discard the test and retest.
Yield strength (0.2 % offse} = 52 000 psi360 MPa (1) 13._5 Reduction of Area-Fit the ends of_ the fractured_
) specimen together and measure the mean diameter or the width
When the offset is 0.2 % or larger, the extensometer usegnq thickness at the smallest cross section to the same accuracy
shall qualify as a Class B2 device over a strain range of 0.05 tgs the original dimensions. The difference between the area
1.0 %. If a smaller offset is specified, it may be necessary t@nys found and the area of the original cross section expressed

specify a more accurate device (that is, a Class B1 device) ¢fs a percentage of the original area is the reduction of area.
reduce the lower limit of the strain range (for example, to

0.01 %) or both. See also Note 8 for automatic devices. BEND TEST

13.2.2 Extension Under Load MethedFor tests to deter- o
mine the acceptance or rejection of material whose stress-straift- Description
characteristics are well known from previous tests of similar 14.1 The bend test is one method for evaluating ductility,
material in which stress-strain diagrams were plotted, the totabut it cannot be considered as a quantitative means of predict-
strain corresponding to the stress at which the specified offs@tg service performance in bending operations. The severity of
(see Note 8 and Note 9) occurs will be known within the bend test is primarily a function of the angle of bend and
satisfactory limits. The stress on the specimen, when this totahside diameter to which the specimen is bent, and of the cross
strain is reached, is the value of the yield strength. In recordingection of the specimen. These conditions are varied according
values of yield strength obtained by this method, the value ofo location and orientation of the test specimen and the
“extension” specified or used, or both, shall be stated irchemical composition, tensile properties, hardness, type, and
parentheses after the term yield strength, for example: quality of the steel specified. Method E 190 and Test Method
Yield strength (0.5 % EUL) = 52 000 psi360 MPa @) E 290 may be consult_ed for me@hods of performing t_he_test.
] ) ) ) 14.2 Unless otherwise specified, it shall be permissible to
The total strain can be obtained satisfactorily by use of &ge bend test specimens. The time-temperature cycle employed
Class B1 extensometer (Note 4, Note 5, and Note 7). must be such that the effects of previous processing will not be
Note 8—Automatic devices are available that determine offset yieldmaterlally changed. It may be gccomphshgd by aging at room
strength without plotting a stress-strain curve. Such devices may be usdgmperature 24 to 48 h, or in shorter time at moderately
if their accuracy has been demonstrated. elevated temperatures by b0|I|ng in water or by heating in oil
Note 9—The appropriate magnitude of the extension under load willOF in an oven.
obviously vary with the strength range of the particular steel under test. In 14.3 Bend the test specimen at room temperature to an
general, the value of extension under load applicable to steel at anjnside diameter, as designated by the applicable product
strength level may be_ determined from the sum_(_)f the_proportional Strai@ipeCificaﬁonS, to the extent specified without major cracking
and the plastic strain expected at the specified yield strength. ThSn the outside of the bent portion. The speed of bending is

following equation is used: ordinarily not an important factor.
Extension under load, in./in. of gage length YSE) +r  (3)

HARDNESS TEST

where:

YS = specified yield strength, psi or MPa, 15. General

E = modulus of elasticity, psi or MPa, and . - .

r = limiting plastic strain, in.fin. 15.1 Ahardness test is a means of determining resistance to

13.3 Tensile Strengtk- Calculate the tensile strength by penetra_1t|on. andf|s ocgl:a5|onallyhemplt§:yeg to g)lbtaln abt?wck
dividing the maximum load the specimen sustains during gpgr_(ln_xg?atéon Ofter:ﬁl € strengt_ ' TE; he d, Table 3, Table 4’t
tension test by the original cross-sectional area of the specFn able > are lor Ihe Conversion ot hardness measurements
men. rom one scale_ to another or to approximate tensile strength.
) These conversion values have been obtained from computer-
13.4 Elongation generated curves and are presented to the nearest 0.1 point to
13.4.1 Fit the ends of the fractured specimen togethepermit accurate reproduction of those curves. Since all con-
carefully and measure the distance between the gage marks\@rted hardness values must be considered approximate, how-

the nearest 0.01 in. (0.25 mm) for gage lengths of 2 in. an@ver, all converted Rockwell hardness numbers shall be
under, and to the nearest 0.5 % of the gage length for gag@unded to the nearest whole number.

lengths over 2 in. A percentage scale reading to 0.5 % of the 152 Hardness Testing

gage length may be used. The elongation is the increase in15.2.1 If the product specification permits alternative hard-
length of the gage length, expressed as a percentage of thess testing to determine conformance to a specified hardness
original gage length. In recording elongation values, give botltequirement, the conversions listed in Table 2, Table 3, Table 4,
the percentage increase and the original gage length. and Table 5 shall be used.

13.4.2 If any part of the fracture takes place outside of the 15.2.2 When recording converted hardness numbers, the
middle half of the gage length or in a punched or scribed markneasured hardness and test scale shall be indicated in paren-
within the reduced section, the elongation value obtained matheses, for example: 353 HB (38 HRC). This means that a
not be representative of the material. If the elongation sdardness value of 38 was obtained using the Rockwell C scale
measured meets the minimum requirements specified, nand converted to a Brinell hardness of 353.

10
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TABLE 2 Approximate Hardness Conversion Numbers for Nonaustenitic Steels A (Rockwell C to Other Hardness Numbers)
Rockwell Superficial Hardness
) Rockwell
Rockwell C Vickers Brinell Knoop A Scale 15N Scale, 30N Scale 45N Scale, .
Scale, 150-kgf Hardness Hardness, Hardness, 60-kaf Load 15-kgf 30-kgf 45-kgf Approximate
Load, Diamond Number 3000-kgf Load,  500-gf Load Dizgmond ' Load Load Load Tensile
. ' h ’ . ' Strength
Penetrator 10-mm Ball and Over Penetrator Diamond Diamond Diamond i MGIJD ’
Penetrator ~ Penetrator ~ Penetrator st (MPa)
68 940 . 920 85.6 93.2 84.4 75.4
67 900 . 895 85.0 92.9 83.6 74.2
66 865 . 870 84.5 92.5 82.8 73.3
65 832 739 846 83.9 92.2 81.9 72.0
64 800 722 822 83.4 91.8 81.1 71.0
63 772 706 799 82.8 91.4 80.1 69.9
62 746 688 776 82.3 91.1 79.3 68.8
61 720 670 754 81.8 90.7 78.4 67.7
60 697 654 732 81.2 90.2 775 66.6 S
59 674 634 710 80.7 89.8 76.6 65.5 351 (2420)
58 653 615 690 80.1 89.3 75.7 64.3 338 (2330)
57 633 595 670 79.6 88.9 74.8 63.2 325 (2240)
56 613 577 650 79.0 88.3 73.9 62.0 313 (2160)
55 595 560 630 78.5 87.9 73.0 60.9 301 (2070)
54 577 543 612 78.0 87.4 72.0 59.8 292 (2010)
53 560 525 594 77.4 86.9 712 58.6 283 (1950)
52 544 512 576 76.8 86.4 70.2 57.4 273 (1880)
51 528 496 558 76.3 85.9 69.4 56.1 264 (1820)
50 513 482 542 75.9 85.5 68.5 55.0 255 (1760)
49 498 468 526 75.2 85.0 67.6 53.8 246 (1700)
48 484 455 510 74.7 84.5 66.7 52.5 238 (1640)
47 471 442 495 74.1 83.9 65.8 51.4 229 (1580)
46 458 432 480 73.6 83.5 64.8 50.3 221 (1520)
45 446 421 466 73.1 83.0 64.0 49.0 215 (1480)
44 434 409 452 72.5 82.5 63.1 47.8 208 (1430)
43 423 400 438 72.0 82.0 62.2 46.7 201 (1390)
42 412 390 426 71.5 81.5 61.3 45.5 194 (1340)
41 402 381 414 70.9 80.9 60.4 44.3 188 (1300)
40 392 371 402 70.4 80.4 59.5 43.1 182 (1250)
39 382 362 391 69.9 79.9 58.6 41.9 177 (1220)
38 372 353 380 69.4 79.4 57.7 40.8 171 (1180)
37 363 344 370 68.9 78.8 56.8 39.6 166 (1140)
36 354 336 360 68.4 78.3 55.9 38.4 161 (1110)
35 345 327 351 67.9 7.7 55.0 37.2 156 (1080)
34 336 319 342 67.4 77.2 54.2 36.1 152 (1050)
33 327 311 334 66.8 76.6 53.3 34.9 149 (1030)
32 318 301 326 66.3 76.1 52.1 337 146 (1010)
31 310 294 318 65.8 75.6 51.3 325 141 (970)
30 302 286 311 65.3 75.0 50.4 31.3 138 (950)
29 294 279 304 64.6 74.5 49.5 30.1 135 (930)
28 286 271 297 64.3 73.9 48.6 28.9 131 (900)
27 279 264 290 63.8 73.3 417 27.8 128 (880)
26 272 258 284 63.3 72.8 46.8 26.7 125 (860)
25 266 253 278 62.8 72.2 45.9 255 123 (850)
24 260 247 272 62.4 71.6 45.0 24.3 119 (820)
23 254 243 266 62.0 71.0 44.0 23.1 117 (810)
22 248 237 261 61.5 70.5 43.2 22.0 115 (790)
21 243 231 256 61.0 69.9 42.3 20.7 112 (770)
20 238 226 251 60.5 69.4 415 19.6 110 (760)

A This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. It is possible that steels of various compositions and
processing histories will deviate in hardness-tensile strength relationship from the data presented in this table. The data in this table should not be used for austenitic
stainless steels, but have been shown to be applicable for ferritic and martensitic stainless steels. The data in this table should not be used to establish a relationship
between hardness values and tensile strength of hard drawn wire. Where more precise conversions are required, they should be developed specially for each steel
composition, heat treatment, and part.
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TABLE 3 Approximate Hardness Conversion Numbers for Nonaustenitic Steels A (Rockwell B to Other Hardness Numbers)

Rockwell Superficial Hardness

Roclawell B Rockwell A Rockwell F
Scale, 100- Vickers Brinell Knoop Scale Scale 15T Scale, 30T Scale, 45T Scale,  Approximate
kgf Load Y1e- Hardness Hardness, Hardness, 60-kaf 60-kat 15-kgf 30-kgf 45-kgf Tensile
in. (1.588- 3000-kgf Load, ~ 500-gf Load g 9 Load, Load, Load, Strength
mm) Number 10-mm Ball and Over Load, Diamond Load, ¥1e-in. Y16 -in. Y1e-in. Yie-in. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mm) Ball mm) Ball
100 240 240 251 61.5 R 93.1 83.1 72.9 116 (800)
99 234 234 246 60.9 S 92.8 82.5 71.9 114 (785)
98 228 228 241 60.2 S 92.5 81.8 70.9 109 (750)
97 222 222 236 59.5 R 92.1 81.1 69.9 104 (715)
96 216 216 231 58.9 S 91.8 80.4 68.9 102 (705)
95 210 210 226 58.3 S 91.5 79.8 67.9 100 (690)
94 205 205 221 57.6 R 91.2 79.1 66.9 98 (675)
93 200 200 216 57.0 S 90.8 78.4 65.9 94 (650)
92 195 195 211 56.4 . 90.5 77.8 64.8 92 (635)
91 190 190 206 55.8 . 90.2 77.1 63.8 90 (620)
90 185 185 201 55.2 S 89.9 76.4 62.8 89 (615)
89 180 180 196 54.6 S 89.5 75.8 61.8 88 (605)
88 176 176 192 54.0 . 89.2 75.1 60.8 86 (590)
87 172 172 188 53.4 S 88.9 74.4 59.8 84 (580)
86 169 169 184 52.8 S 88.6 73.8 58.8 83 (570)
85 165 165 180 52.3 . 88.2 73.1 57.8 82 (565)
84 162 162 176 51.7 S 87.9 72.4 56.8 81 (560)
83 159 159 173 511 R 87.6 71.8 55.8 80 (550)
82 156 156 170 50.6 R 87.3 71.1 54.8 77 (530)
81 153 153 167 50.0 S 86.9 70.4 53.8 73 (505)
80 150 150 164 49.5 S 86.6 69.7 52.8 72 (495)
79 147 147 161 48.9 R 86.3 69.1 51.8 70 (485)
78 144 144 158 48.4 .. 86.0 68.4 50.8 69 (475)
7 141 141 155 47.9 < 85.6 67.7 49.8 68 (470)
76 139 139 152 47.3 R 85.3 67.1 48.8 67 (460)
75 137 137 150 46.8 99.6 85.0 66.4 47.8 66 (455)
74 135 135 147 46.3 99.1 84.7 65.7 46.8 65 (450)
73 132 132 145 45.8 98.5 84.3 65.1 45.8 64 (440)
72 130 130 143 45.3 98.0 84.0 64.4 44.8 63 (435)
71 127 127 141 44.8 97.4 83.7 63.7 43.8 62 (425)
70 125 125 139 44.3 96.8 83.4 63.1 42.8 61 (420)
69 123 123 137 43.8 96.2 83.0 62.4 41.8 60 (415)
68 121 121 135 43.3 95.6 82.7 61.7 40.8 59 (405)
67 119 119 133 42.8 95.1 82.4 61.0 39.8 58 (400)
66 117 117 131 42.3 94.5 82.1 60.4 38.7 57 (395)
65 116 116 129 41.8 93.9 81.8 59.7 37.7 56 (385)
64 114 114 127 41.4 93.4 81.4 59.0 36.7 Ca
63 112 112 125 40.9 92.8 81.1 58.4 35.7
62 110 110 124 40.4 92.2 80.8 57.7 34.7
61 108 108 122 40.0 91.7 80.5 57.0 33.7
60 107 107 120 39.5 911 80.1 56.4 32.7
59 106 106 118 39.0 90.5 79.8 55.7 31.7
58 104 104 117 38.6 90.0 79.5 55.0 30.7
57 103 103 115 38.1 89.4 79.2 54.4 29.7
56 101 101 114 37.7 88.8 78.8 53.7 28.7
55 100 100 112 37.2 88.2 78.5 53.0 27.7
54 S S 111 36.8 87.7 78.2 52.4 26.7
53 L. R 110 36.3 87.1 77.9 51.7 25.7
52 S . 109 35.9 86.5 775 51.0 24.7
51 S S 108 355 86.0 77.2 50.3 23.7
50 S S 107 35.0 85.4 76.9 49.7 22.7
49 S . 106 34.6 84.8 76.6 49.0 21.7
48 S S 105 34.1 84.3 76.2 48.3 20.7
a7 L. R 104 33.7 83.7 75.9 471.7 19.7
46 S . 103 33.3 83.1 75.6 47.0 18.7
45 R c 102 32.9 82.6 75.3 46.3 17.7
44 L. R 101 32.4 82.0 74.9 45.7 16.7
43 S . 100 32.0 81.4 74.6 45.0 15.7
42 R R 99 31.6 80.8 74.3 44.3 14.7
41 S S 98 31.2 80.3 74.0 43.7 13.6
40 S . 97 30.7 79.7 73.6 43.0 12.6
39 R R 96 30.3 79.1 73.3 42.3 11.6
38 S S 95 29.9 78.6 73.0 41.6 10.6
37 S . 94 29.5 78.0 727 41.0 9.6
36 R R 93 29.1 77.4 72.3 40.3 8.6
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