. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHny) Designation: E 602 — 91 (Reapproved 1997)

AMERICAN SOCIETY FOR TESTING AND MATERIALS
100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for
Sharp-Notch Tension Testing with Cylindrical Specimens

This standard is issued under the fixed designation E 602; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

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

1. Scope 60°+5° /
1.1 This test method covers the determination of a compara- \T7 |
tive measure of the resistance of thick-section materials to T i

fracture under plane-strain conditions originating from a very
sharp stress-concentrator or crack (Note 1). The quantity

JUN— _ D - d - %
determined is the sharp-notch strength of a specimen of l N )
particular dimensions, and this value depends upon these [ [
dimensions as well as the characteristics of the material. The R= 0.0007
sharp-notch strength-to-yield strength ratio is also determined. (0.018)

| - 1

Note 1—Direct measurements of the plane-strain fracture toughness
may be made in accordance with Test Method E 399. Comparative ) ) o ]
measures of resistance to fracture for sheet and thin plate may be obtainedNote 1—Dimensions are in millimetres and (inches).

in accordance with Test Method E 338. Note 2— d must be concentric witlD within 0.025 mm (0.001 in.).
1.2 This test method is restricted to sharp machine-notchedominai size b d L. minimum
specimens (notch tip _radu less than or eql_JaI to 0.018 mm— 57013 596 T 013 557
(0.0007 in.)), and applies only to those materials (for example, (0.500++ 0.005) (0.353= 0.005) (1.00)
aluminum and magnesium alloys) in which such sharp notcheg!¥s in. 26.9 £ 0.13 19.0 +0.13 54.1

(1.060= 0.005) (0.750= 0.005) (2.13)

can be reproducibly machined.
1.3 This test method is restricted to cylindrical specimens of FIG. 1 Standard Test Sections

two diameters as shown in Fig. 1. The 27.0-mm¥#-in.) _ ) )

diameter specimen extends the range of application of this test 1.6 The values stated in SI (metric) units are to be regarded

method to higher toughness levels than could be accomm@s the standard.

dated by the 12.7-mm (0.5-in.) diameter specimen. Note 2—Further information on background and need for this type of
1.4 This test method is restricted to materials equal to otest is given in the Fourth Report of ASTM Committee E-@4? on

greater than 12.7 mm (0.5 in.) in thickness. Since the notclrracture Testing, as well as other committee documghts, 4)

strength depends on the specimen diameter and, within certainy 7 This standard does not purport to address all of the
limits, on the Iength, comparison of various material COﬂditiOﬂSsafety concerns, if any, associated with its use. It is the
must be based on tests of specimens having the same nominakponsibility of the user of this standard to establish appro-

diameter and a test section length sufficient to prevent signifipriate safety and health practices and determine the applica-
cant interaction between the stress field of the specimen headgity of regulatory limitations prior to use.

and that of the sharp notch (see Fig. 1).
1.5 The sharp-notch strength may depend strongly upod. Referenced Documents
temperature within a certain range depending upon the char- 2.1 ASTM Standards:
acteristics of the material. This test method is suitable for tests B 557 Test Methods of Tension Testing Wrought and Cast
at any appropriate temperature. However, comparisons of Aluminum- and Magnesium-Alloy Products
various material conditions must be based on tests conducted atg 4 Practices for Force Verification of Testing Machthes
the same temperature. E 8 Test Methods for Tension Testing of Metallic Materfals
E 139 Practice for Conducting Creep, Creep-Rupture, and
Stress-Rupture Tests of Metallic Matertals

1 This test method is under the jurisdiction of ASTM Committee E-8 on Fatigue

and Fracture and is the direct responsibility of Subcommittee E08.02 on Standards———————

and Terminology. 2The boldface numbers in parentheses refer to the list of references appended to
Current edition approved Aug. 15, 1991. Published October 1991. Originallythe method.

published as information only November 1974. Last previous edition 2 Annual Book of ASTM Standardgol 02.02.

E 602 — 81 (1986}. 4 Annual Book of ASTM Standaydéol 03.01.
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b E 602
E 338 Test Method for Sharp-Notch Tension Testing of a = crack size (length of notch or notch plus precrack), m
High-Strength Sheet Materidls (or in.),
E 388 Test Method for Spectral Bandwidth and WavelengthX = loading hole offset, m (or in.), and
Accuracy of Fluorescence Spectrometers M = bending moment, N-m (in.-Ibf), and the resulf, is
E 399 Test Method for Plane-Strain Fracture Toughness of given in Pa (or psi). See Test Method E 399 for further
Metallic Materiald explanations of symbols.
E 602 Test Method for Sharp Notch Testing with Cylindri-  3.1.3 sharp-notch strengthgg [FL™2 ]—the maximum
cal Specimerfs nominal (net-section) stress that a sharply notched specimen is
E 616 Terminology Relating to Fracture Testing capable of sustaining.
3.1.3.1 Discussior—See definition of nominal (net-section)
3. Terminology stress.
3.1 Definitions: 3.1.3.2 Discussior—Values of sharp-notch strength may

3.1.1 crack strengthg [FL"2 ]—the maximum value of the depend on notch and specimen configuration as these affect the
A c ) . .
nominal (net-section) stress that a cracked specimen is capafl§t €ross section and the elastic stress concentration.
of sustaining. 3.1.3.3 Discussior—The tensile specimens used in Test
3.1.1.1 Discussion—See definition of nominal stress in Methods E 388 and E 602 have notch root radii that approach
Terr.ni.n(.)Iogy E 616 the limit of machining capability. For these specimens, the
31.1.2 Discussio.n—Crack strength is calculated on the radius is believed to be small enough that any smaller radius
basis of the maximum load and the original minimum CrOSS_that is obtainable by standard machining methods would not

sectional area (net cross section or ligament). Thus, it takes im%roduce changes, in notch strength, that are significant from an

account the original size of the crack, but ignores any crackngineering viewpoint.
extension which may occur during the test. 4. Significance and Use

3.1.1.3 Discussior—Crack strength is analogous to the 4 1 The sharp notch-to-yield strength ratio provides a com-
ultimate tensile strength, as it is based on the ratio of thearative measure of resistance to plane-strain fracture originat-
maximum load to the minimum cross-sectional area of théng from cracks or crack-like discontinuities. However, at
specimen at the start of the test. oo sufficiently high values, the notch-to-yield strength ratio pro-

3.1.2 nominal (net-section) stressy, [FL™ ]—in fracture  gressively loses sensitivity to changes in plane-strain fracture
testing a measure of the stress on the net cross sectiofyghness. Available data indicate that useful sensitivity is
calculated in a simplified manner and without taking into maintained up to a value of about 1.3. At a given level of
account stress gradients produced by geometric discontinuitigg,ghness the notch-strength ratio decreases with an increase in
such as holes, groove, fillets, etc. notch specimen size. Therefore, when the notch-to-yield

3.1.2.1 Discussior—In tension specimens (tension only), strength ratio of the 12.7-mm (0.5-in.) diameter specimen
the average stress is uset}; = P/A, whereA =B (W -a)  exceeds 1.3, the 27.0-mm (4ein.) diameter specimen is

for rectangulars, and = (wd?)/4 for circulars. recommended. The sharp notch-to-yield strength ratio is not
3.1.2.2 Discussion—In bend specimens (bending only), a intended to provide an absolute measure of resistance to crack
fiber stress is used: propagation which might be used in calculations of the strength
6M of structures. However, it can serve the following purposes:
9 T BW-aZ @ 4.1.1 Inresearch and development of materials, to study the

effects of the variables of composition, processing, heat-
treatment, etc.
4.1.2 In service evaluation, to compare the resistance to
_2P(2W+a) @ plane-strain fracture of a number of materials that are other-
B(W — a)? wise equally suitable for an application, or to eliminate

3.1.2.4 Discussion—In C-shaped specimens (tension andMaterials when an arbitrary minimum acceptable sharp-notch
strength can be established on the basis of service performance

3.1.2.3 Discussior—In compact specimens (tension and
bending),

ON

bending), _ \
correlation, or some other adequate basis.
oy :w (3) 4.1.3 For specifications of acceptance and manufacturing
BW - a) quality control when there is a sound basis for establishing a
In3.1.2.1 to 3.1.2.4- minimum acceptable sharp-notch strength or ratio of sharp-
d = diameter of notched section of a circumferentially- Notch strength to tensile yield strength. Detailed discussion of
notched specimen, m (or in.), the basis for setting minimum values in a particular case is
P = load, N (or Ibf), beyond the scope of this method.
B = specimen thickness, m (or in.), 4.2 The sharp-notch strength may vary with temperature.
W = specimen width, m (or in.), The temperature of the specimen during each test shall,
therefore, be controlled and recorded. Tests shall be conducted
throughout the range of expected service temperatures to
[ ascertain the relation between notch strength and temperature.
5 Annual Book of ASTM Standagdéol 03.06. Care shall be taken that the lowest anw&ﬁm@my
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b E 602

service temperatures are included. conducted either at each temperature level at which tests are to

4.3 Limited results suggest that the sharp-notch strengths dife made, or at a series of temperature levels at intervals of
aluminum and magnesium alloys at room temperafGjeare  30°C (50°F) over the range of test temperatures. At least three
not appreciably sensitive to rate of loading within the range othermocouples shall be utilized in making the survey, one in or
loading rates normally used in conventional tension tests. Aat the notch and one at each end of the reduced section. The
elevated temperatures, rate effects may become important ateimperature shall be held within1¥> °C (+2%- °F) during the
investigations should be made to determine their magnitudeourse of the test. At the test temperature, the difference
and establish the necessary controls. Where very low or highetween the indicated temperatures at any of the three thermo-
rates of loading are expected in service, the effect of loadingouple positions shall not exceed 3°C (5°F).

rate should be investigated using special procedures that areNOTE 4—Use of liquefied gases as coolants for tests below room

beyond the scope of this test mgthod. .. temperature is generally satisfactory, but the use of liquid baths for heating
4.4 The sharp-notch strength is a fracture property and lik@pecimens shall be avoided unless it can be established that the liquid has
other fracture properties will normally exhibit greater scatterno effect on the sharp-notch strength of the material.
than the conventional tensile or yield strength. In addition, the 5 3 1 calibrated ThermocouplesTemperature shall be
sharp-notch strength can be influenced by variations in thgheasured with calibrated thermocouples used in conjunction
notch radius and by bending stresses introduced by eccentigith potentiometers or millivoltmeters. Such measurements are
loading. In order to establish a reasonable estimate of thgypject to various errors and reference should be made to
average fracture properties it is recommended that replicaieractice E 139 for a description of these errors. Thermocouple
specimens be tested for each metal condition to be evaluategeads should be formed in accordance with the* Preparation of
Thermocouple Measuring Junctions,” which appears in the
“Related Material” section of this publication. Base metal
5.1 Tension-Testing Machineonforming to the require- thermocouples used at elevated temperatures can be subject to
ments of Practices E 4. errors on re-use unless the depth of immersion and the
5.2 Loading Fixtures—Any loading fixture may be used temperature gradients of the initial exposure are reproduced.
provided that it meets the requirements of Section 7 for percerthese immersion effects should be very small at the tempera-
bending. Axial alignment fixtures for threaded end specimensures of interest for the testing of aluminum and magnesium
(6) have been designed which exceed these requirementslloys. However, when thermocouples are re-used it is desir-
Tapered seat grips incorporating a quick operating feature hawable to occasionally check them against new thermocouples.
been proposed for testing smooth specim@f)sThese have For further information on the use of thermocouples, see Ref
also been used in tests of sharply notched cylindrical speci®9).
mens(5). It has been show(B) that these grips can meet the 5.3.2 The temperature of the specimen during any test at
bending requirements of Section 7 if loading rod aligners arether than room temperature shall be measured at one, or
used and if the component parts of the loading train are spreferably more than one, position within the uniform tempera-
positioned that bending introduced by one component isure region during the test. The only exception to this would
cancelled by that introduced by another. involve liquefied gases, where it is shown by a temperature
Note 3—The apparent strength of sharply notched cylindrical speci—sur\_le_y_ that cqnstant f[emperature can be maintained followlng
mens can be reduced by bending stresses resulting from displacem@'ﬂ initial ‘holding pe”Od.' The thermocouples and meas“f'”_g
between a line normal to the center of the notch plane and the load lindnStruments shall be calibrated and shall be accurate to within
These misalignments can arise from errors in machining the specimen bat 1¥2 °C (£2%2 °F).
more frequently are associated with the relative fits and angular relation- 5.3.3 The method of temperature measurement must be
ships between the mating parts of the loading train components includingfficiently sensitive and reliable to ensure that the temperature
attachments to the tensile machine. Generally, these mlsallg_nments wgf the specimen is within the limits specified in 5.3.
vary in a random manner from test to test and therepy c_ontrlbute to the 5.3.4 The temperature-measuring apparatus should be cali-
scatter in the notch strength values. The effect of misalignment on th e e . .
notch strength will depend on its magnitude and the toughness of thErated periodically against standards traceable to the National
material with the toughest metal conditions showing the smallest effectdnstitute of Standards and Technology. An overall calibration
Misalignments can be reduced to negligible levels by proper design of thaccuracy oft-1%2 °C (=2%2 °F) of the nominal test temperature
loading train components which incorporate devices to provide isolationshould be readily achieved.
from misalignments inherent in the tensile machine. To function effec- 5 3 5 |t should be appreciated that the strength of some

tively these components must be designed to close tolerances and, o || e altered by sufficiently long soaking periods at
precision machined so that very low bending stresses will be encountere

regardless of the relative position of the various components of the Ioadinﬁ evgted tempera'ture'wnh or without Ioad'. For thls reaso,n'
train. eating and soaking times should be considered in analyzing

the results.

5. Apparatus

5.3 Temperature-Control Systems-or tests at other than )
room temperature, any suitable means may be used to heat &r Test Specimens
cool the specimen and to maintain a uniform temperature over 6.1 The two recommended designs of notched test sections
the region that includes the notch. The ability of the equipmenare shown in Fig. 1. The test section of the 12.7-n¥xnif.)
to provide a region of uniform temperature shall be establishediameter specimen shall have a minimum length; 25.4 mm
by measurements of the temperature directly on the specimdt in.). The test section of the 27.0-mm¥{#-in.) diameter
in the region of the notch. A temperature survey shall bespecimen shall have a minimum length+= @mm@nts
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