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Standard Practice for

Fracture Toughness Testing of Aluminum Alloys 1

This standard is issued under the fixed designation B 646; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

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

1. Scope* B 645 Practice for Plane-Strain Fracture Toughness Testing

1.1 Fracture toughness is a key property for a number of _Of Aluminum Alloys _
aluminum alloys utilized in aerospace and process industries. E 23 Test Methods for Notched Bar Impact Testing of
Fracture toughness testing is often required for supplier quali- _Metallic Materials . .
fication, quality control, and material release purposes. The E 338 Test Method of Sharp-Notch Tension Testing of
purpose of this practice is to provide uniform test procedures _High-Strength Sheet Materials
for the industry, pointing out which current standards are E 399 Test Method for Plane-Strain Fracture Toughness of
utilized in specific cases, and providing guidelines where no _Metallic Materials o
standards exist. This practice provides guidance for te¢iing ~ E 561 Practice for R-Curve Determination _ .
thin products, of thicknesses equivalent to sheet theii249 E 602 Test Method for Sharp-Notch Tension Testing with
in. (=6.32 mm),(b) intermediate thicknesses of plate, forgings, ~_ CYlindrical Specimens .
and extrusions, too thin for valid plane-strain fracture tough- E 1304 Test Method for Plane-Strain (Chevron Notch)
ness testing but too thick for treatment as sheet, for example, _Fracture Toughness of Metallic Materials
over 0.249 in. (6.32 mm) and up to 1 to 2 in. (25 to 50 mm), E.1823 Terminology Relating to Fatigue and Fracture Test-
dependent upon toughness level, a(g) relatively thick Ing
products where Test Method E 399 is applicable. 3

1.2 This practice addresses both direct measurements of ) o )
fracture toughness and screening tests, the latter recognizing3-1 The terminology and definitions in the referenced docu-
the complexity and expense of making formal fracture toughMents are applicable to this practice.
ness measurements on great quantities of production lots.  3-2 Definitions of Terms Specific to This Standard: _

1.3 The values stated in inch-pound units are to be regarded 3.2.1 For purposes Pf thlS_praCtl_CE, the fol'lowmg descrip-
as the standard. The values in SI units given in parenthesis aons of terms are applicable in conjunction with Test Method
provided for information purposes only. E 561 and use of the compact specimen:

1.4 This standard does not purport to address all of the 3-2-2 Kres—a value ofKg on the R-curve based on a 25 %
safety concerns, if any, associated with its use. It is theecant intercept of the _force-crack opening displacement test
responsibility of the user of this standard to establish appro_record from aC(T) specimen anq the effective crggk Ie@h,
priate safety and health practices and determine the applicaat that point that otherwise satisfies the remaining-ligament

bility of regulatory limitations prior to use. criterion of Test Method E 561.
3.2.3 Kgmag—@ Vvalue ofKg on the R-curve based on the

Terminology

2. Referenced Documents maximum force value of the force-crack opening displacement
2.1 ASTM Standards? test record from a C(T) specimen and the effective crack
B 557 Test Methods of Tension Testing Wrought and Caste€ngth.a., at that point that otherwise satisfies the remaining-

Aluminum- and Magnesium-Alloy Products ligament criterion of Test Method E 561. TH&;,.«Value is

used when the 25 % secant intercept occurs at a point after the
maximum force is reached.
This practice is under the jurisdiction of ASTM Committee BO7 on Light  3.2.4 K_—for the purpose of this practic& is the critical
Metals and Alloys, and is the direct responsibility of Subcommittee B07.05 Ongtress IntenSIty factor based on the max|mum force Value Of the

Testing. . .
Current edition approved March 1, 2004. Published March 2004. Originallyforce_'CraCk opening dlsplacement test record fron_1 an M(T)
approved in 1978. Last previous edition approved in 2003 as B 646 — 03. specimen and the effective crack lengt, at that point that

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, orotherwise satisfies the remaining-ligament criterion of Test
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM Method E 561
Standards/olume information, refer to the standard’s Document Summary page on ’
the ASTM website.

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

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2.5 K,pp (also commonly designateld.)—the apparent  supplier qualification and periodic quality control testing. The
plane stress fracture toughness based on the original craétllowing measures of fracture toughness and test methods are
length, a,, and the maximum force value of the force-crackrecommended for these products:
opening displacement test record from an M(T) specimen that 6.2 Thin Products—For sheet and other products having a
otherwise satisfies the remaining-ligament criterion of Testhickness less than 0.250 in. (6.35 mm):

Method E 561. 6.2.1 The critical stress intensity factdf or the apparent
fracture toughnessK(,) from a middle-cracked tension,
4. Summary of Practice M(T), specimen and tested in general accordance with Test

4.1 This practice provides guidelines for the selection ofMlethod E 561 as supplemented by this practice in 8.1.
tests to evaluate the fracture toughness properties of aluminum6.2.2 The R-curve measured from a middle-cracked tension,
alloys, particularly for quality assurance and material releas®(T), specimen tested in accordance with Test Method E 561
purposes. It also provides supplemental information regardings supplemented by this practice in 8.2.
specimen size selection, analysis, and interpretation of results 6.3 Thick Products—For products sufficiently thick to ob-

for the following products and test methods: tain a valid plane strain fracture toughness measurerkgnt,
4.2 Fracture Toughness Testing of Thin Products from C(T) specimens measured in accordance with Test
4.2.1 R-Curve testing of middle-crack tension, M(T), speci-Method E 399 supplemented by Practice B 645 and by this
mens in accordance with Test Method E 561. practice in 8.3.
4.2.2 K, and Ky, (K testing of M(T) specimens in 6.4 Intermediate Thickness Produeté-or products having
general accordance with Test Method E 561. a thickness=0.250 in. &6.35 mm), but too thin for valid
4.3 Fracture Toughness Testing of Intermediate Thicknesglane-strain fracture toughness testing:
Products 6.4.1 Kq from compact-tension, C(T), specimens tested in

4.3.1 Testing of compact-tension, C(T), specimens in accoraccordance with Test Method E 399 supplemented with Prac-
dance with Test Method E 399 supplemented with Practicdice B 645 and this practice in 8.3; or

B 645. 6.4.2 KR,5 from a compact-tension, C(T) specimen tested in
4.3.2 Tests on C(T) specimens in accordance with Teshccordance with Test Method E 561 as supplemented by this
Method E 561 using the toughness parame{&;s, practice in 8.4,
4.4 Fracture Toughness Testing of Thick Products 6.5 Thin Specimens from Thicker Produet$he methods
4.4.1 Plane-strain fracture testing in accordance with Tesdf 6.2 may also be utilized on thin specimens machined from
Method E 399 supplemented with Practice B 645. intermediate thickness or thick products for the purpose of
4.5 Screening Tests evaluating their fracture toughness under plane stress condi-

4.5.1 Screening tests of thin products using sharply-edgetions. These methods may be particularly desirable for prod-
notched, sheet-type specimens in accordance with Test Methagtts which will be subsequently thinned by machining or other
E 338. means. Typically, the specimen is machined from the product

4.5.2 Screening tests of both intermediate and relativelyo a thickness representative of that in the final application.
thick products using the chevron notch (short-rod or short-bar) 6.6 Low Strength Alloy ProductsThere are no current
in accordance with Test Method E 1304. standard recommendations for toughness testing of relatively

4.5.3 Screening tests for a range of thicknesses from aboldw-strength aluminum alloys which display large-scale yield-
0.1in. (2.54 mm) upward using the sharp-notch Charpy test asig even in the presence of extremely large cracks in very thick
covered in Test Methods E 23. sections. Such cases must be dealt with individually on a

4.5.4 Screening tests of thick products using sharplyresearch basis using tests selected from program needs and
notched cylindrical specimens in accordance with Test Methodnticipated design criteria. A typical case for general guidance
E 602. is given in the literaturé.

5. Significance and Use 7. Selection of Screening Test Methods for Specific
5.1 This practice is provided to develop and maintain Products

uniformity in practices for the evaluation of the toughness of 7.1 Screening tests are permitted for high volume, material

aluminum alloys, particularly with regard to supplier qualifi- release testing provided they are allowed by the material

cation, quality assurance, and material release to specificationspecification or by agreement between the purchaser and
5.2 Itis emphasized that the use of these procedures will n@upplier. The following screening test methods are recom-

alter the validity of data determined with specific test methodsmended for these products:

but prOVideS guidance in the interpretation of test results (Valld 7.2 Thin Products—For sheet and other products having a

or invalid) and guidance in the selection of a reasonable teshickness less than 0.250 in. (6.35 mm):

procedure in those instances where no standard exists today.

6. Selection of Fracture Toughness Test Methods for

Specific Products 3 Kaufman, J. G., and Kelsey, R. A., “Fracture Toughness and Fatigue Properties

. of 5083-0 Plate and 5183 Welds for Liquefied Natural Gas Applicatidhsperties
6.1 Direct measures of fracture toughness are preferred OV&{ Materials for Liquefied Natural Gas Tankage, ASTM STP 3&I'M, 1975, pp.

screening test methods and are highly recommended fams-1ss.
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7.2.1 Tension tests of sharply-edge-notched, sheet-tyption. Recommended widths aM/ = 16 in. (406 mm) for
specimens in accordance with Test Method E 338 as supplenedium strength, higher toughness products hd 6.3 in.
mented by this practice in 9.1 and 9.2, and the correspondin@60 mm) for high strength, lower toughness products. For
correlations of such data with the critical stress-intensityvery high toughness sheet alloy®= 30 in. (760 mm) are also
factors K, determined in accordance with this practice aresometimes used for supplier qualification. The recommended
recommended. original crack size is one quarter of the wid¥, that is 2,/W

7.2.2 The sharp-notch Charpy screening test in accordanee0.25. In all cases the original crack siag, should be within
with Test Methods E 23 as supplemented by this practice in 9.the range of 0.25 to 0.4, inclusive, allowed in Test Method
and 9.3 may also be applied for correlative purposes foE 561. If no dimensional requirements are given in the material
products 0.10 in. (2.54 mm) and thicker. specification, the nominal specimen size shall be 16 in. (405

7.3 Thick Products—For products sufficiently thick to ob- mm) wide, with 15 in. (380 mm) being an acceptable minimum
tain a valid plane strain fracture toughness measurement: width and the initial crack length,a2 shall be equal to one

7.3.1 Tension tests of sharply-notched, cylindrical speciquarter of the widthWV, that is, 2,/W = 0.25. For all specimen
mens in accordance with Test Method E 602 as supplementegidths and original crack sizes, the tolerance for the original
by this practice in 9.1 and 9.4 and the associated correlatioorack size shall be +0.0126- OW or +0.1/-0 in. (+2.5/-0
with plane-strain fracture toughnesk,., as determined in mm), whichever is greater.
accordance with Test Method E 399 and Practice B 645 are

recommended. In addition, the following recommended alter- NOTe 2—The values oK, andK,,, are dependent upon the interaction
of the crack driving force, which is a function of specimen widtf),and

native screening tests may be applied: the crack resistance curve (R-curve). Thus, they are specimen width (as
7.3.2 The chevron notch (short-rod and short-bar) tesjel as thickness) dependent and their values will typically decrease with
described in Test Method E 1304 as supplemented by thiSecreasing specimen width, all other factors being equal. They also
practice in 9.1 and 9.5. depend to a lesser extent on the original crack lerahTherefore, both
7.3.3 The sharp-notch Charpy screening test in accordand@e specified value and qualification or lot release testing should be based
with Test Methods E 23 as supplemented by this practice in 9.2" SPecimens having the same width and original crack length.
and 9.3. _ _ _ 8.1.2 The M(T) specimen shall be machined and precracked
7.4 Intermediate Thickness Produetd-or products having in accordance with Test Method E 561. The valuekgf,, in
a thickness=0.250 in. &6.35 mm), but too thin for valid the fatigue precracking shall not exceed 15\Ksi. (16.5
plane-strain fracture toughness testing there is insufficient datgPay/m). Fatigue precracking may be omitted only if it can be
to justify strong recommendations for screening test proceshown that doing so does not increase the measured valk(e of
dures. Presumably, correlation with fracture toughness indicegr K
could be made with the results of tests using either chevron- g 1 3 Except when specifically stated in the material speci-
notch (short-rod or short-bar) specimens, sharp-edge-notchegiation, testing shall be performed with face stiffeners on the
sheet-type specimens, sharply-notched, cylindrical specimergecimen to prevent buckling above or below the center slot.
or sharp-notch Charpy specimens. 8.1.4 TheK_ value shall be calculated at the maximum force
8. Fracture Toughness Testing Methods and by the use of the secant equation for M(T) specimen given in
Interpretation Test Method E561. The half crack length used in the
K-expression shall be the effective half crack length.at the
maximum force point calculated using the compliance expres-
sion for M(T) panels in Test Method E 561. If, as sometimes
happens, there is considerable crack extension at maximum
gforce, the point at which the force first reaches the maximum
ghall be used in the crack length calculations.

8.1.5 TheK,,, value shall be calculated at the maximum
_ force by the use of the secant equation for the M(T) specimen
Note 1—Kq, Kqpp and the R-curve may all be obtained from the samegiyen in Test Method E 561. The half crack length used in the

test record and specimeiX; or K, are often preferred for quality K-expression shall be the original crack leng
assurance or material release purposes because they provide a single value ’

measure of material fracture toughness that can be compared against a5-1.6 The net section validity oK. or K, shall be
minimum specification value. For higher strength, lower toughness alloy§letermined at the maximum force in accordance with Test

where the maximum force is preceded by one or more unstable extensiofdethod E 561.
of the crack K, is recommended for material release purposes. 8.1.7 Values ofK, or Kapp calculated under conditions in
8.1.1 The M(T) specimen widthW, and original crack which the net section stress exceeds 100 % of the tensile yield
length, a,, shall be in accordance with the material specifica-strength of the material are not suitable for design purposes and
tion and the specimen thickness shall be the full thickness adlo not express the full toughness capability of the material, but
the product for thin products=0.250 in. £6.35 mm) in  they are useful for quality control or lot release; and such value
thickness and 0.250 in. (6.35 mm) for thicker products, unlessf K. or K, that equals or exceeds a specified minimum value
otherwise stated in the material specification. Specimens not ahall constitute evidence that the material passes the stated
full product thickness shall be excised from the mid-plane ofspecification if the latter is based upon tests of the same or
the product unless otherwise stated in the material specificdarger width of specimen.

8.1 K. and K, (K.,) Testing—Fracture toughness testing to
obtain either the critical stress intensitfJ or the apparent
fracture toughness(,y) shall be performed on M(T) speci-
mens in accordance with Test Method E 561 and the followin
supplemental requirement&_, is another commonly used
designation for the apparent fracture toughness, so all requir
ments forK,,, testing are also applicable ..
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8.2 R-Curve Testing-Fracture toughness testing to obtain release, provided the requirements in Practice B 645 are met. A
the R-curve shall be performed on M(T) specimens in accorK, meeting these requirements, which meets or exceeds the
dance with Test Method E 561 and the following supplementaspecified minimum value ofK,, shall be considered as
requirements. evidence that the lot meets the requirements of the material

Note 3—The R-curve provides a complete measure of a materiaI’SSpeCIflcatlon'

resistance to slow-stable crack extension and consists of multiple data 8-4 Kros Testing—Fracture toughness testing to obtain the
points (typically ten or more). When the R-curve is used for materialKg,s Value shall be performed on C(T) specimens in accor-
release purposes, the release criterion is typically based on minimurdance with Test Method E 561 and the following supplemental
specified values oK, at two or more values of effective crack extension, requirements.

Aa,. Use of the R-curve for quality control purposes is suitable only for : .

higher toughness alloys that exhibit stable crack extension and smoothl 8'4'1. An evalu.atlon of the m.atenal should be m‘.”‘de. to
rising R-curves. For higher strength, lower toughness alloys where thgetef_m'ne the optimum C(T) specimen geometry that will yield
maximum force is preceded by one or more unstable extensions of th@ Valid Kg,sresult in accordance with Test Method E 561. The

crack, use oK, is recommended. optimum geometry (that is, width and original crack length)

8.2.1 The specimen size, location, and testing requirement¥ill depend on the strength, toughness, and thickness of the
for K, and K testing in 8.1.1, 8.1.2, and 8.1.3 shall also peMaterial. The minimum recommended C(T) specimen width is

used for R-curve testing. For R-curve testing, fatigue precrack?V = 3 in. (76.2 mm) with a width oW = 4 (102 mm) or larger,

ing is highly recommended. It may be omitted only if it can be Préferred. Once the optimum specimen geometry is estab-

shown that doing so does not increase the measured values!€d, the testing to establish the specification minimums and
Kg, at the specified values dfa,. all future material release tests shall be made utilizing the same

specimen geometry. The specimen thickness shall be the full

Note 4—The R-curve is a function of the material and its thickness b“tproduct thickness unless otherwise stated in the material
is relatively independent of other geometric factors. However, the amourgpeciﬁcation

of valid R-curve obtained (the maximum valida,) increases with ) .
specimen widthW. 8.4.2 The C(T) specimen shall be machined and precracked

8.2.2 For the R-curve, it is recommended that at least Zmeacfggrduaencievé'rtgcl?:t I\élﬁgl]locrj]of SGiiédel"Sa\IE;‘:m(ixér‘s
pairs of Kg, Aa,) pairs be determined from the test record of P a\/n?) P 9 . :
force versus crack opening displacement in accordance witwI '

Test Method E 561. At a minimumKg, Aa) pairs shall be 8.4.3 TheKg,5 value shall be calculated from the force

calculated using secant offsets having slope decrements of f9responding to the 25 % secant offset and the effective crack
more than 5 % of the initial linear slope of the test record. Thed€Ndth.a at that point using the polynomial expression for the

values ofK corresponding to each secant offset shall beC(T) specimen in Test Method E 561. The 25 % secant offset is

determined using the secant equation for the M(T) specimen i Iin_e_t_hro_ugh the origin (as determined b_y thntercept of
the Test Method E 561. The effective half crack lengthused the initial linear slope of the test record) with a slope 75 % of

in the calculation oK. andAa, for each secant offset, shall be e initial slope. The 25 % secant force is the force at the
determined using the compliance expression for M(T) panels i tersection of the force-crack opening displacement trace and
Test Method E 561. the 25 % secant offset. The effective crack length at that point

8.2.3 The net section validity shall be determined for eact{S détermined from the slope of the 25 % secant offset using the

pair of Kg and Aa, in accordance with Test Method E 561. Method in Test Method E 561.

Those pairs meeting the validity requirement comprise the 8.4.4 If Kgoscorresponds to a point on the test record at a
valid portion of the R-curveKg values in the invalid region Ccrack opening displacement beyond the maximum force value,
where net section yielding has occurred may be higher thalfrmax Shall be used in place d€z,5for comparison with the
valid points that would have been obtained with a largerSPecification minimum. Thé&gq, value shall be calculated
specimen. However, provided the same specimen or smalléiom the maximum force and the effective crack length at that
specimen size was used to establish the specification minRoint using the polynomial expression for the C(T) specimen in
mums, K, values in the invalid region that equal or exceeds alest Method E 561.

specified minimum shall constitute evidence that the material 8.4.5 The net section validity of thiég,5 Or Kgpax value
passes the stated specification. shall be determined in accordance with Test Method E 561.

8.2.4 Since minimunKy values for material release pur- Provided there is no evidence of specimen buckling, an invalid
poses are typically specified at certain valuedaf, which do  Kras Or Kpmax Value which meets or exceeds the applicable
not necessarily coincide with those from the R-curve analysisspecification value foKy,5 based upon tests of specimens of
linear interpolation between adjaceri{ Aa,) pairs is accept- the same geometry, shall be considered as evidence that the lot
able as long as there is at least okg,(Aa,) point between meets the requirements of the specification.
each specified value dfa,. 8.5 Yield Strength for Validity DeterminatienPreferably,

8.3 Plane Strain Fracture Toughness TestirBlain strain  the tensile yield strength for calculating certain validity re-
fracture toughness testing to obtai, or Ko for material ~ quirements in the above fracture toughness tests should be
release purposes shall be performed on C(T) specimens taken from the same test location as the fracture toughness
accordance with Test Method E 399 and Practice B 645. Fospecimen. However, when this location does not coincide with
any test result failing to meet the validity requirementskqr  the requirements for the tension test location in Test Methods
in Method E 399, the resultin(, value is usable for lot B557, or the material specification is different than Test

4



A8y B 646 — 04
“afl

Methods B 557, the yield strength from the specimen used to 9.2 Tension Testing of Sharply-Notched, Sheet-Type
show conformance with the tensile requirements may be useBpecimens-The notch yield ratio, NYR, from a sharply-

in the calculations. notched, sheet-type specimen has been shown to correlate
reasonably well withK, from 16 in. (406 mm) wide M(T)

9. Screening Test Methods and Interpretation specimens. If a suitable correlation has been established for an
9.1 General Requirements alloy/product/temper between NYR am or other fracture

9.1.1 Screening tests for lot release based on the correlatididices, NYR may be used as a lot release criterion for that
between a screening test result and a fracture toughness ind@lkoy/product/temper.
always have a region of uncertainty, as illustrated in Fig. 1. 9.2.1 Testing of sharply-notched, sheet-type specimens shall
Screening test values in this region are not suitable for use & performed in accordance with Test Method E 338. The
acceptance/rejection criteria. In this case, testing with th&louble-edge notched, sheet-type specimen in Fig. 3 of Test
primary fracture toughness test method is required for loMethod E 338 is recommended. The specimen shall have the
release purposes. same nominal thickness as the primary fracture toughness
9.1.2 Data for determining the correlation between an indiSpecimen.
cator test and the primary toughness test should be collected on9.3 Sharp-Notch Charpy TestirgCharpy impact tests have
a periodic basis and the data should be analyzed regularly fong been employed as a measure of the toughness of metals
ensure that the correlation and tolerance limits do not chang@nd have been used to predict the plane strain fracture
If a change is detected, new correlation and tolerance limitéoughnessK,.. The Charpy energy has also been shown to
should be determined. correlate reasonable well witk. from 16 in. (406 mm) wide
9.1.3 Screening test specimens shall be centered at the saMéT) specimens. If a suitable correlation has been established
test location in the product as that required for the primaryfor an alloy/product/temper between the Charpy energykgnd
fracture toughness test specimen. Preferably, the tensile yiefef K. or other fracture indices, Charpy energy may be used as
strength for calculating the notch yield ratio, NYR (ratio of a lot release criterion for that alloy/product/temper.
sharp notch strength to tensile yield strength) in accordance 9.3.1 Charpy impact testing shall be performed in accor-
with 9.2 or 9.4 or the validity of the chevron-notch test in 9.5, dance with Test Method E 23. Various types of notches have
should be taken from the same test location. However, wheheen used, including a precrack, but a sharp notch is the most
this location does not coincide with the requirements for theeffective. The sharp notch shall have a root radius of <0.001 in.
tension test location in Test Methods B 557, or the materia(<0.0254 mm).
specification if different than Test Methods B 557, the yield 9.3.2 Charpy impact testing is limited to product thickness
strength from the specimen used to show conformance with the0.10 in. (>2.54 mm). The Charpy specimen shall have the
tensile requirements may be used in the calculations. same nominal thickness as the primary fracture toughness

Cross hatched area:
Portion of population
with toughness above minimum
but which cannot be screened
by an indicator test
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o Linear
) regression
z— line
Minimum Lower
guarantee tolerance
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ofpdata for I Critical indicator
individual lots |,/va|ue

Toughness indicator
FIG. 1 Typical Toughness versus Toughness Indicator Relationship
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specimen up to a thickness of 0.394 in. (10 mm). If the Note 5—Test Method E 1304 can be employed as an alternative to Test
thickness of the primary fracture toughness specimen is >(0.394ethod E 399. Two relatively_attr_active featu_res of the chevron notch_test
in. (10 mm), the Charpy specimen shall have a nomina[Method are fatigue precracking is not required and the small specimen
thickness of 0.394 in. (10 mm). volume.

9.3.3 A low capacity impact machine of approximately 2514 Report
ft-Ibf (33.9 N-m) is recommended with sufficient sensitivity to . ) ] .
measure to the nearest 0.01 ft-Iof (0.014 N-m). Machining and 10-1 The_ test record shall include all information required
maintaining the sharp notch may be most conveniently accont?y the applicable test method(s).
plished on a fly cutter with a single point carbide tool ground 10.2 The complete test record is not normally required for
to a sharp point. material certification and lot release purposes. Such records are

9.4 Tension Testing of Sharply-Notched, Cylindrical usually retained by the producer for future audits by the
Specimens-The notch vyield ratio, NYR, from a sharply- purchaser.
notched, cylindrical specimen has been shown to correlate 10.3 Rounding—For the purpose of determining conform-
reasonably well with plane strain fracture toughnégs, If a  ance with a specified limit in a material or product specifica-
suitable correlation has been established for an alloy/production, the value of the fracture toughness or screening test
temper between NYR an#,,, NYR may be used as a lot indices obtained from the applicable test shall be rounded “to
release criterion for that alloy/product/temper. Additional back-the nearest unit” in the last right hand significant digit used in
ground and guidance on such use is presented in the litefaturexpressing the limiting value in accordance with the rounding

9.4.1 Testing of sharply-notched, cylindrical specimensmethod of Practice E 29. For a limit specified as a whole
shall be performed in accordance with Test Method E 602. number, all digits shall be considered significant including

9.4.2 Both the standari-in. (12.5-mm) and %ie-in. (27-  zeros.

mm) are permitted. However, whenever product dimensions 10.4 Replacement TestsThe test result from a fracture
allow for use of the larger standard specimen, it is recomioughness or screening test specimen may be discarded and a
mended, particularly for very tough alloys and tempers, bereplacement test performed whe(l) the specimen was
cause of its greater sensitivity to fracture toughness at higihachined incorrectly(2) the test procedure was incorrect, or
levels. (3) the test machine malfunctioned.

9.5 Chevron Notch (Short Rod or Short Bar) Testinghe 10.5 Retests of Fracture Toughness TesRetests for direct
plane-strain (chevron-notch) toughndss,,, has been shown measures of fracture toughness in Section 8 shall be performed
to correlate reasonably well with the plane strain fractureand interpreted in accordance with the applicable material
toughnessK,, and if a suitable correlation has been estabspecification or as otherwise agreed upon between the pur-
lished for an alloy/product/temper betwekp, andKc, then  chaser and supplier. If there is no specific provision for retests,
Kym may be used as a lot release criterion for that alloyland one or more test results fail to conform with the require-
product/temper. Additional background and guidance on suckents of the material specification for reasons other than those
use is presented in the literattire. in 10.4 after rounding in accordance with 10.3, the lot

9.5.1 Testing and analysis of short-rod or short-bar specirepresented by that test result shall be subject to rejection,
mens to obtaif,,, shall be performed in accordance with Test except as provided below:

Method E 1304. The standard chevron notch specimens (short- 155 1 For each specimen that failed, test at least two

rod or short-bar specimens 1.00-in. (25.4-mm) in diameter ofqitional specimens at the specified test location from an area

1.00-in. (25.4-mm) in W',dth are recommended. in the original sample adjacent to the failing specimen, or
9.5.2 The plane-stram_ (chevron-_no'Fch) toughnelsg,y, 10.5.2 For each specimen that failed, test an additional

may also be used as a direct quantitative measure of fraCtursepecimen at the specified location from at least two other

toughnesdwhen permitted by the material specification or by samoles P

agreement between the purchaser and supplier. If used for ples.

direct measurement of fracture toughness rather than for 10.5.3 If any retest fails, the Iotghall be subj_ect to rejection,
correlation purposes, fracture toughness minimumskigy, except that the lot may be resubmitted for testing provided the

should be established using the specimens and procedures ]c;'dl'Jcer. has reworked the lot, as necessary, to correct the
Test Method E 1304 as they may differ significantly from 9€!CIENCIES. . _
minimums forK,, established using Test Method E 399. _ 10.6 _Retests of Screenl_ng TestRetests c_Jf screening tests
in Section 9 are not permitted. If a screening tests result falls

- below the critical indicator value as illustrated in Fig. 1, testing

“4Jones, M. H., et al., “Sharply Notched Cylindrical Tension Specimen for with the primary fracture toughness test method is required for
Screening Plane-Strain Fracture ToughneB&velopments in Fracture Mechanics  material release purposes.
Test Methods Standardization, ASTM STP 682TM, 1977, pp. 115-152.

5Bray, J. W., “Use of Chevron Notch Short Bar Test to Guarantee Fracture
Toughness for Lot-Release in Aluminum AlloysChevron-Notch Fracture Test 11. Keywords

Experience: Metals and Non-Metals, ASTM STP 18&TM, 1992, pp. 131-143. . . . .
®Rolfe, S. T. and Novak, S. R. “Review of Developments in Plane Strain 11.1 aluminum alloys; fracture toughness; plane strain;

Fracture Toughness TestinghSTM STP 463ASTM, Sept. 1970, pp. 124-159.  plane stress; quality assurance; screening tests
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SUMMARY OF CHANGES

Committee BO7 has identified the location of selected changes to this standard since the last revision
(B 646 — 03).

(1) Separated recommendations and requirements for tesbntrol purposes (8.2 and subparas.).

method selection (Sections 6 and 7) from recommendationg) Added maximum allowablé;,,,, for fatigue precracking
and requirements for testing and interpretation (Sections 8 an@ 1.2 and 8.4.2).

9). . . .
(2) Added information orK,,, testing (3.2.5, 8.1, and sub- Eg) 4Af)'d8d minimum recommended width fdR;s testing
paras.). e ) ) )

(3) Added additional M(T) specimen sizes (8.1.1). (7) Added Section 10 on reporting, replacement testing and

(4) Added information on use of R-curve test for quality retesting.

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

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

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



