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1. Scope*

1.1 Fracture toughness is a key property for a number of aluminum alloys utilized in aerospace and process industries. Fractu
toughness testing is often required for supplier qualification, quality control, and material release purposes. The purpose of thi
practice is to provide uniform test procedures for the industry, pointing out which current standards are utilized in specific cases
and providing guidelines where no standards exist. This practice provides guidance fordidghin products, of thicknesses
equivalent to sheet thatis0.249 in—+{6-30-mm});2) (=6.32 mm),(b) intermediate thicknesses of plate, forgings, and extrusions,
too thin for valid plane-strain fracture toughness testing but too thick for treatment as-sheet, that is for example, over 0.249 in
(6.302 mm) and up to 1to 2in. (25 to 50 mm) dependent upon toughness Ievea)g_tir(alatwely thick products where Test
ection at tl

end-of-the-standard. a ppllcable

1.2 This practice addresses—the—proeblem both direct measurements of fracture toughness and screening tests, the lat
recogmzmg the compIeX|ty and expense of makmg formal fracture toughness measurements on great quant|t|es ofpreducuon lot
eduction te

+&be+ater)+ Iots

1.3 The values stated in inch-pound units are to be regarded as the standard. The values in S| units given in parenthesis &

provided for information purposes only.

1.4 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

1 This practice is under the jurisdiction of ASTM Committee BO7 on Light Metals and Alloys, and is the direct responsibility of Subcommittee BO7<Bign Te
Current edition approved-Sept—10;2003. March 1, 2004. Published-September 2003. March 2004. Originally approved in 1978. Last previous@ditian-48p7
2003 as B 646 —9703.

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

2.1 ASTM Standards?

B 557 Test Methods of Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy Products
B 645 Practice for Plane-Strain Fracture Toughness Testing of Aluminum Alloys

E 23 Test Methods for Notched Bar Impact Testing of Metallic Materials

E 338 Test Method of Sharp-Notch Tension Testing of High-Strength Sheet Materials

E 399 Test Method for Plane-Strain Fracture Toughness of Metallic Materials

E 561 Practice for R-Curve Determination

E 602 Test Method for Sharp-Notch Tension Testing with Cylindrical Specimens

E 1304 Test Method for Plane-Strain (Chevron Notch) Fracture Toughness of Metallic Materials
E 1823 Terminology Relating to Fatigue and Fracture Testing

2:2—Other-Decument:

3. Terminology

3.1 The terminology and definitions in the referenced documents are applicable to this practice.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 For purposes of this practice, the following descriptions of terms are applicable in conjunctien-with-Practice Test Method
E 561 and use of the compact specimen:

3.2.2 Krog—A— a value ofKy on the R-curve based on a 25 % secant intercept of the force-crack opening displacement test
record from a C(T) specimen and the effective crack lengthat that point that otherwise satisfies the remaining-ligament
criterion of-Practice Test Method E 561.

3.2.3 Kgmax—#A—_a value ofKg on the R-curve based on the maximum force value of the force-crack opening displacement
test record from a C(T) specimen and the effective crack lergthat that point that otherwise satisfies the remaining-ligament
criterion of-Practice Test Method E 561. Theg,,..Vvalue is used when the 25 % secant intercept occurs at a point after the
maximum force is reached.

3.2.4 /K — for_the purposes of this practic&, is the—fellowing—€deseriptions critical stress intensity factor based on the
maximum force value efterms-are-applicable-in-conjunetion with-the-chevren-noeteh-({short-rod force-crack opening displacement
test record from an M(T) specimen and-shert-bar) the effective crack leagthgt that point that otherwise satisfies the
remaining-ligament criterion of Test Methed-E-3304. E 561.

3.2.5 K, (also commonly designateti., )—the apparent plane stress fracture toughness based on the original crack length,
a,, and the maximum force value of the force-crack opening displacement test record from an M(T) specimen that otherwise
satisfies the remaining-ligament criterion of Test Method E 561.

4. Summary of Practice

4.1 This practice provides guidelines for the selection of tests for to evaluate-the-evaluation of the fracture toughness properties
of alummum aIons partlcularly for quallty assurance and materlal release—p&meses—mcludmg
561, M(T) purposes. It also provides

supplemental mformatlon regarding speC|meH—p1=eeeelures
4-1-2-Secreeningtests size selection, analysis, and interpretation-of sheet results for the following products and test methods:
4.2 Fracture Toughness Testing of Thin Products
4.2.1 R-Curve testing of middle-crack tension, M(T), specimens in accordance with Test Methed E 338.
4-1-3-Plane-strain-fracture-toughnesstests E 561.
4.2.2 K. andK,,, (K. testing of M(T) specimens in general accordance with Test MethoeE 399.
4+4—|ﬁteﬁﬂed1a{e—ﬂa+ekﬁess—fraetufe—teughﬁess tests E 561.
4.3 Fracture Toughness Testing of Intermediate Thickness Praducts
4.3.1 Testing of compact-tension, C(T), specimens in accordance-with—PracticeB-645 and Test-Method E 399.

4 1-5-ntermediate-thickness-fracturetoughness tests E 399 supplemented with Practice B 645.
4.3.2 Tests on C(T) specimens in accordance-with-Practice Test Method E 561 using-the-C{H)-{compact-specimen)and a 25 %

seeant-intereept-value-coneept-designated as toughness pardfateras a single value or discrete point evaluation.
4.4 Fracture Toughness Testing-ef-the-erack-growth—resistance-eurve{R-curve).
4-1-6-Sereening Thick Products:

4.4.1 Plane-strain fracture testing in accordance with Test Method E 399 supplemented with Practice B 645.
4.5 Screening Tests
4.5.1 Screening tests of thin products using sharply-edge-notched, sheet-type specimens in accordance with Test Method E 338

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astirargaFBook of ASTM Standards
Yol-02-62. volume information, refer to the standard’s Document Summary page on the ASTM website.




Ay B 646 — 034
“ull

4.5.2 Screening tests of both intermediate and relatively thick—materials products using the chevron notch (short-rod ol
short-bar) in accordance with Test Method E 1304.

441573 Screening tests for a range of thicknesses from about 0.1- in. (2.54 mm) upward using the sharp-notch Charpy test
covered in Test Methods E 23.

41584 Screening tests of thick m products using sharply-notched cylindrical specimens in accordance with Test Method E 602

5. Significance and Use

5.1 This practice is provided to develop and maintain uniformity in practices for the evaluation of the toughness of aluminum
alloys, particularly with regard to supplier qualification, quality assurance, and material release to specifications.

5.2 It is emphasized that the use of these procedures will not alter the validity of data determined with specific test methods
but provides guidance in the interpretation of test results (valid or invalid) and guidance in the selection of a reasonable tes
procedure in those instances where no standard exists today.

6. Selection of Fracture Toughness TestProcedures

6-1—The-follewing Methods for Specific Products
6.1 Direct measures of fracture toughness are preferred over screening test methods and are highly recommendee-for individt
produets supplier qualification ane-situations:

6-1-1For-sheet-products—with-reminal-thickness;—0:249-ir—{6-36-mm), use periodic quality control testing. The following
measures ef-amiddie-eracked-tension-M{T1))-speeimen is fracture toughness and test methods are recommended-fermeasuren

of these products:
6.2 Thin Products—For sheet and other products having a thickness less than 0.250 in. (6.35 mm):
6.2.1 The critical stress intensity factoK()-w or the apparent fracture toughneds.(,) from a middle-cracked tension, M(T),
specimen and tested in general accordance-with-Practiee-E 561, Test Method E-561-as-described supplemented by this practice
2

6-12Forproducts 8.1.
6.2.2 The R-curve measured from a middle-cracked tension, M(T), specimen testeeHnr-sheetthicknesses;the-use-eftension te

ef—sharplry—edge—ﬁe{ehed—speemeeﬂs in accordance with Test MeHaed—E—338—aHd—the—eerres136ﬁdﬂ=rg—eerre+aﬂeﬂs—ef—Sﬁeh data wi
i iee E 561, E561-as modifie

descrrbed—praet-ree—m—?—B The shi

ve-purposes.

6—1—3—FeHe+a&ve+y 2.
6.3 Thick Products—For products sufficiently thick-high-strength-produets;—plane-strain to obtain a valid plane strain fracture

toughness t measuremekt,, from C(T) spemmens measured in accordance with Test Method-E—399 as supplemented by Practice
e d herern

pecrmens an

me—asswra{edfeﬁemﬁsa#&h—manes%ramhﬁaewrﬁeughnes&a&daermmed by thl praet-lee—rn—aeeerdanee—wrth—'Fest Methc
tbeeH i atively thick 8.

6.4 Intermedrate Thrckness ProduetsFor products—are—*e—ehe%&e%eh—%ed—mad—s#%baﬁ%e&edeeeﬂbed in Test
v 2 i i i and 8.2.4.

6+5—Feﬁrn{ermedrate+h+ekﬁesses—ef—kﬁgh-etreﬁg%h—pfeducts havrnq athrekﬁﬂ) in. £6.35 mm) but too thin for valid
plane-strain fracture toughness-testing-but-teo-thickfortarge-paneltesting testing:

6.4.1 K, from compact-tension, C(T), specimens tested in accordance with Test Method E 399 supplemented with Practice
E561, B 645 and this practice in 8.3; or

6.4.2 KR, from a-medification-ef-compact compact-tension, C(T) specimen-testing tested in accordance with Test Method
B399 E 561 as-deseribed supplemented by this practiee-in-Practice-B-645-and-Section-9-is+recommended. For such 8.4.

6.5 Thin Specimens from Thicker Produet$he methods of 6.2 may also be utilized on thin specimens machined from
intermediate thickness-preducts-three-additional-alternativetests-exist-—They-are-asfollews—a-direet measure or thick products f
the purpose of evaluating their fracture toughress-using-PracticeE-561-akg tfemneept-as-deseribeen-92:-1-1-the-same
sereeningtests-suggested under plane stress conditions. These methods may ‘be particularly desirable for thiekpreducts involvi

the-ehevronnoteh—(short-rod which will be subsequently thinned by machining-or-short-bar)-test-as-desecribed-in—TFest Methoc

E-43064-and-8-2-3+-and other means. Typicallythe-sharp-retch-Charpy-testin-acecordance-with-Test-Methods-E23 and 8.2.4.
6-2—1 specimen ispointed-out machined from the product to a thickness representative of that in the final application.

6.6 Low Strength Alloy ProductsThere are no current standard recommendations for toughness testing of relatively
low-strength aluminum alloys which display large-scale yielding even in the presence of extremely large cracks in very thick
sections. Such cases must be dealt with individually on a research basis using tests selected from program needs and anticipa
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design criteria. A typical case for general guidance is given in the literdture.

7. Fracture—ToughnessSelection of Screening Test Methods for Specinfic Products

7.1 Screening tests are permitted for high volume, material release testing provided they are allowed by the material
specification or by agreement between the purchaser and supplier. The following screening test methods are recommended for
these products:

742 HThin Products—For sheet and other products having a thickness less than 0.250 in. (6.35 mm):

7.2.1 Tension tests of sharply-edge-notched, sheet-type specimens in accordance with Test Method E 338 as supplemented b
this practice in 9.1 andpreeise-measure 9.2, and the corresponding correlations of such data with the critical stress-intensity factors
(K.) determined in accordance with this practice are recommended.

7.2.2 The sharp-notch Charpy screening test in accordance with Test Methods E 23 as supplemented by this practice in 9.1 and
9.3 may also be applied for correlative purposes for products 0.10 in. (2.54 mm) and thicker.

7.3 Thick Products—For products sufﬁcrently thrck to obtain a valid plane strain fracture toughness measurement:

7.3.1 Tension tests i (6.30 mm)
sharply-notched, cylindrical speumens—rn—tlmeknees—rs—requrred accordance Wrth Test Method E 602 as supplemented by this
practice in 9.1 and 9.4 and the—erack-resistance—curve—should—be—measured associated correlation with plane-strain fracture
toughnessK ., as determined in accordance with Test Method E 399 and Practice E B 5645 are recommended. In addition, the
following recommended alternative screening tests may be applied:

7.3.2 The chevron notch (short-rod and short-bar) test described in Test Method E 1304 as supplemented by this practice in 9.1
and 9.5.

7.3.3 The sharp-notch Charpy screening test in accordance with Test Methods E 23 as supplemented by this practice in 9.1 and
9.3.

7.4 —Intermediate Thickness ProduetsFor-g products having a thickness0.250 in. &£6.35 mm), but too thin for valid
plane-strain fracture toughness testing there is insufficient data to justify strong recommendations for screening test procedures.
Presumably, correlation with fracture toughness indices could be made with the results of tests using either chevron-notch
(short-rod or short-bar) specimens, sharp-edge-notched, sheet-type specimens, sharply-notched, cylindrical specimens ol
sharp-notch Charpy spelcimens.

8. Fracture Touqhness Testing Methods and Interpuretation

8.1 K and np (Kco) Testing—Fracture toughnes,s testing to obtain either the critieat-er-maximum) stress intensity-factor for

dl(p) or the apparent fracture toughnekg () shall be performed on M(F)-panels-tested specimens-in-general
accordance with—Praetice Test Method E 561 and the following supplemental requiregnis-recemmended-as another

commonly used designation for the-treex of apparent fracture-toughness—This-vatue-is-gesignated toughness, so all requirement:
for K, testing are also applicable Q...

Note 1—K, K., and the R-curve may all be obtained from the same test record and spekinuerK_ ., are often preferred for quality assurance
or material release purposes because they provide a single value measure-ef-this practice.

+2-3—The material fracture toughness that can be compared against a minimum specification value. For higher strength, lower
toughness alloys where the maximum force is preceded by one or more unstable extensions of the graskecommended
for material release purposes.

8.1.1 The M(T) specimen widtWV, and original crack lengtha,, shall be in accordance with the material specification and the
specimen thickness shall be the full thickness of the product for thin progi®@50 in. £6.35 mm) in thickness and 0.250 in.
(6.35 mm) for thicker products, unless otherwise stated in the material specification. Specimens not of full product thickness shall
be excised from the mid-plane of the product unless otherwise stated in the material specification. Recommended Wdths are
=16 in. (406 mm) for medium strength, higher toughness product®\énd.3 in. (160 mm) for high strength, lower toughness
products. For very high toughness sheet alldfss 30 in. (760 mm) are also sometimes used for supplier qualification. The
recommended original crack size is one quarter of the witlthihat is 22/ W= 0.25. In all cases the original crack siag, should
be within the range of 0.25 to 0.4, inclusive, allowed in Test Method E 561. If no dimensional requirements are given in the
material specification, the hominal specimen size shall be 16 in. (405 mm) wide, with 15 in. (380 mm) being an acceptable
minimum width—_and the initial crack lengthag , shall be equal to one quarter of the widtf, that is, g,/ W- =- 0.25. For
all specimen wrdths and onqrnal crack sizes, the toIeranee—et—d—EE%Q—GW—'Fhe—eenter—ﬁet—tenﬂth for the onqrnal crack size

dmng—se—deee—net—mereaee—the—mea&wed—value +O 0125W OW or +O 1/- 0 in. (+2 5/ O mm) whrchever is greater

Note 2—The values oK_ andK_, . are dependent upon the interaction of the crack driving force, which is a function of specimenWiidiid the
crack resistance curve (R-curve). Thus, they are specimen width (as well as thickness) dependent and their values will typically decreasssinidh decre

2 Kaufman, J. G., and Kelsey, R. A., “Fracture Toughness and Fatigue Properties of 5083-0 Plate and 5183 Welds for Liquefied Natural Gas Appiipagidies, of
Materials for Liquefied Natural Gas Tankage, ASTM-Standavs-03-01. STP 579, ASTM, 1975, pp. 138-158.
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specimen width, all other factors being equal. They also depend to a lesser extent on the original crach Jeddtbrefore, both the specified value
and qualification or lot release testing should be based on specimens having the same width and original crack length.

8.1.2 The M(T) specimen shall be machined and precracked in accordance with Test Method E 561. TheKsalugénothe
fatigue precracking shall not exceed 15Wsn. (16.5 MPa/m). Fatigue precracking may be omitted only if it can be shown that
doing so does not mcrease the measured valuemfr K app

it must b
virg force, a
ndent. Tl

1 3 Except when specifically-statedtestto-meakinith-sueh-speeimens stated in the material specification, testing shall
be-made performed with face stiffeners on the specimen to prevent buckling above or below the center slot.

78:21.4 The&k¢,value shall be calculated at the maximum force by the use of the secantorpetynomial equation fer-M(T) panels
specimen given m—PfaeEice Test Method E 561. The half crack length used in the K-expression shall be the effective half crac
length, aeg,, at the maximum force point calculated using the compliance expression for M(T) panels-in—Practice- E 1561. Test
Method E 561. If, as sometimes happens, there is considerable crack extension at maximum force, the point at which the force fir
reaches the maximum shall 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 given
in Test Method E 561. The half crack length used in Kiexpression shall be the original crack lencdh,

8.1.6 The net section validity &€, or K, shall be determined at the maximum force in accordance with Test Method E 561.

8.1.7 Values oK. or K, calculated under conditions in which the net section stress exceeds 100 % of the tensile yield strength
of the material are not suitable for design purposes and do not express the full toughness capability of the material, but they ar
useful for quality control or lot release; and such valuekpfor K, that equals or exceeds a specified minimum value shall
constitute evidence that the material passes the stated specification if the latter is based upon tests of the same or larger width
specimen.

8.2 R-Curve Testing-Fracture toughness testing to obtain the R-curve shall be performed on M(T) specimens in accordance
with Test Method E 561 and the following supplemental requirements.

NoTte—t=Kis-sometimes-coenfused-with 3—The R-curve provides a complete measure of a material’s resistance to slow-stable crack extension an
consists of multiple data points (typically ten or more). When the R-curve is used for material release purpeses;the-apparentfracture-toigghness, wh
release criterion is-tstatty-designated typically based on minimum specified valdgsabtwo or more values of effective crack extensida,. Use
of the R-curve for quality control purposes is suitable only for higher toughness alloys that exhibit stable crack extension and smoothly risisg R-cu
For higher strength, lower toughness alloys where the maximum force is preceded by one or more unstable extensions of the crick, use of
recommended.

8.2.1 The specimen size, location, and testing requiremenk& ferFhe-apparentiracture-toughness-differs-fidein-thatthe
REAT I I i L of b I

m i ien- i gth.

specimen.
Test Mett
o-tensile yie

o 9

a lot relea

{sheft-fed—er—sheﬁ-bae—speemeﬁ—tested testmg—m—aeeeﬂaneew&h#esHVHhed—E%&Hh&sh&m—eﬂmdﬂeaW—Hmehed tensio
wem%me%&m%GOZSll,Sl%dﬁeﬁm%%%ﬂﬁh—m <0.001-i

m) wide are

ecimen-test-method i mended 8.1.3 shall also &
used foesereemﬁg—pwpeses#mstest R-curve testmq For R-curve testing, fatigue precracklnq is highly recommended. It may &
omitted only if it can be shown that doirng so does not increase the measured vakigs &it the specified values dfa ..
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Note 4—The R-curve is a

ﬁheﬂ%—%ﬁer&baﬁ—#mﬁedﬂ%ﬂg&e—mm%—m%&g@nateﬂm—md%ﬂ% volume
8222 TFhe-stress-intensity-value, its thickness but is relatively independent of other geometric factors. However, the amount
of valid R-curve obtained (the maximum valikh,) increases with specimen widtiy.

8.2.2 Forthe R-curve, it is recommended that at least 20 paii§.qfi4 A a.) pairs be determined from the test record of force
versus crack opening displacement in accordance wrth Test MeHeed—E—]:394—has—beeﬂ—shevm—te—eerre+ate—reaseﬁably well wrth

plane-strain-fracture-toughness-and if E 561.A titab d
Hee—vatue—may mrnrmum K, Aap) pairs shaII be 0 iterion. iti b

H&e—]%e—rﬂ—e—?-ﬁmﬁ—speermen—rs—geﬁerally calculated usrnq secant offsets havrnq slope decrements of—ﬁe—mere—eest effective
patticulary-for-very-tough-alleys-andtempers,because than 5 % efthe-greater-sensitivity-to-differences-infracture-toughness at
high-teughnesslevels.
8—2—3—24he—rat|o |n|t|al Ilhear slope ef—sharp-ﬁeteh—strenqth the test record The vaIK%scofrespondlng te—tensﬂe—yreld
o : : ation has beer

estabhshed each secant offset shaII be determmed using the secant equatron—feeﬂae—albyﬁemper/groduct M(T) specimen in
guestion, the—+atio-may-be Test Method E 561. The effective half crack leagthised-as-atotrelease—eriterion—Additional
background-and-guidance-on-such-use-ispresented-n-Section-10 and-theliterature.

8-24-Sharp-Netch-Charpy-Speeimens

8—2—4+eharpy—mepaeHests—have—leﬁg49een—empteyed—as—a—measure calcutatreﬁ—ef—teeghﬁess_gmethmve—beeﬂ—used

harp notch is

satrsfy—the—threkﬁess—eﬁteﬂam for—ptaﬁe-stram—eeﬁdﬁrens each secant offset shall be determlned usmg—the—#aeture—teughness

compliance expression for M(T) panels in Test Method E 561.
8.2.3 The net section validity shall be determined for each paKphnd A a, in accordance with Test Methed-E-399 as

stpplemented-by-Practices B-645-orE561utilizing E 561. Those pairs meeting the validity requirement comprise the valid portion

of the R-curve KRz -econeeptwithvalues in the-compact-specimen.
i 645.

Q%Iqe—tet—ehall invalid region where net section yielding has occurred may be c higher than valid points that would have
been obtained with a larger specimen. However, provided tohe same spetcimen or smallexr specimen size was used to establis!
thereguirements-efthe specificationf all minimurkg,values in the-validityrequirements of invalid region that equal or exceeds

a specified minimum shall constitute evidence thatthe-testistedin-9-3-and-9-1-1-are-metexceptforthickness and material passes
the-values-of stated specification.

8.2.4 Since minimunK-Qg-exceed-the values-speeified for material release purposes are typically specified at certain values
of Aa,, which do not necessarily coincide with those from the R-curve analysis, linear interpolation between adjacéatXK

pairs is acceptable as Ionq as there is at least one,_(KAap) point between each specified valueAst..

8.3 Plane Straln Fracture Touqhness Testm&laln strain fracture touqhness testlng—te—detemqme—the—epﬂmum—speumen
; 2 ablished, all

ocedures.
eg-er-short bar)

otch Charpy

%G—l—Beeause—teﬂﬂeH—tests—et—MGF)—panels—and obt@;n—tests—are—eemﬂea&aﬁd—e*penwe—aﬁd—reer&we—judgment in
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igh volur
in a strict

eedom fror

arpy impact

O I{I%Q-te-devemlep

tet for material materlal release—eﬁteﬁa
10-3-2Netehed-tension-and-sharp-neteh-Charpy-tmpact purposes shall be performed on C(T) specimens u in accordance wi

Test Method E 399 and Practice B 645. For any test result failing to meet the validity requiremdfisifoMethod E 399, the

g resultingKy, value is usable for lety- ¢ release, provided the requirements in Practice B 645 are igtmieeting these
requirements, which meets or exceeds the specified minimum vatee—ef—fraetute—teaghﬁeegghmhtdl be eeontsidered as
evidence that the-same-tevelthrough lot meets-the-thickness requir rements-of the-seetion-as-wetld-the-center-erackee-tension pa
er-plane-strain-fracture material specification.

8.4 Ko Testing—Fracture toughness testing to obtain ke value shall be performed on C(T) specimens in accordance with
Test Method E 561 and the following supplemental requirements.

8.4.1 An evaluation of the material should be made to determine the optimum C(T) specimen—for-which-they-are being
substituted.

10-3-3—1dealytensile geometry that will yield-strengths-used-forvatidating a Malige result in accordance with Test Method
E 561. The optimum geometry (that is, width and original crack length) will depend on the strength, toughness, and thickness o
the material. The minimum recommended C(T) specimen widthis-W-measwren3ant (76.2 mm) with a widthfoV = 4 (102
mm) orcaleulatingnoteh-yieldratio-values—should larger, preferred. Once the optimum specimen geometry is established, the
testing to establish the specification minimums and all future material release tests shalt-be-determined-from-specimens whos
eenterlines—are-at made utilizing the same-tevel in specimen geometry. The specimen thickness shal-be the plate full produ
thickness-as unless otherwise stated in the material specification.

8.4.2 The C(T) speciment shall be machined and precracked in accordance with Test Method E 561. Thekyalueahe
fracture-toughness-speeimen—t-generak-this will fatigue precracking shal-ret-eeineide with exceeq/ith K6.5 MPa,/m).

8.4.3 TheKg,5 value shall be calculated from the foreequ corresponding to the 25 % secant offset and the effective crack
lemngth,a,, at that point using the polynomial expressionfertension the C(T) speermen—tecatrea—rn—'Fests—MeH&ods—B%S?— To avoid
eonfusion-resulting-from-twe-sets Test Method E 561. The 25 % secant offset is a line through the origin (as determined by the

x-intercept of-tensite-properties, the y initial linear slope of the test record) with a slope 75 % of the initial slope. The 25 % secant
force is the force at the intersection of the force-crack opening displacement trace and the 25 % secant offset. The effective crac
length at that point is determined from the slope of the 25 % secant offset usmg the method in u Test Method E 561.

8.4.4 IfKg,scorresponds ) should a point on the test recorc
at a crack openmq dlsplacement beyond the maximum force v&lue,,, shaII be used rn—H%e—FFaetufe—teuthees—e&lematlons

: notch-yie

Fattos—eeshan—Heteh—ehany—valﬂes—and—eqﬂhﬁent—values pIaKe;offor comparlson with the speC|f|cat|on minimum. The
K

et Value shall be calculated from the maximum force and the effective crack length at that point using the polynomial expression for the C(T) spestrivezttiod
E 561.

8 4.5 The net SeCtIOI"I Valldltv Of tHé or KRmaS(_ value shall be determined in accordance with Test Method E 561. Provided there is no evidence of
specimen buckling, an invalill__OF Kpmyvalue which meets or exceeds the applicable specification valué,farbased upon tests of

specimens of the same geometry, shall be considered as evidence that the lot meets the requirements of the specification.
8.5 Yield Strength for Validity DeterminatierPreferably, the tensile yield strength for calculating certain validity requirements

in the above fracture toughness tests should be taken from the same test location as the fracture toughness specimen. Howe

when this location does not coincide with the requirements for the tension test location in Test Methods B 557, or the materia

specification is different than Test Methods B 557, the yield strength from the specimen used to show conformance with the tensils

requirements may be used in the calculations.

9. Screening Test Methods and Interpretation

9.1 General Requirements

9.1.1 Screening tests for lot release based on the correlation between a screening test result and a fracture toughness inc
always have a region of uncertainty, as illustrated in Fig. 1. Screening test values in this region are not suitable for use a
acceptance/rejection criteria. In this case, testing with the primary-speeimens—{in—accordance—with—PracticesE-399 or E 561
fracture toughness test method is required for lot release purposes.

10:5-n

9.1.2 Data for determining the-ease of correlation between an indicator test and-the-compact-speceimen—+eferred-to-in 6.1.5, th
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individual lots |,/va|ue

Toughness indicator

FIG. 1 Typical Toughness versus Toughness Indicator Relationship

method-invelves-seleeting-diserete-points primary toughness test should be colleeted-on-the-force-versus—erack-epening curve a
periodic basis andg-using the-propercomphance-eguation data should be analyzed regularly-to-determine-an-effeetive-erack length.
thasbeenfound ensure that the correlation and tolerance limits do not change—fa-25% secant change is detected, new correlatior
and tolerance limits should be determined.

9.1.3 Screening test specimens shall be centered at the same test location in the product as that required for the primary fracture
toughness test specimen. Preferably, the tensile yield strength for calculating the notch yield ratio, NYR (ratio of sharp notch
strength to tensile yield strength) in accordance with 9:2-or-maximum-force-secant-{whichever gives 9.4 or the validity of the
chevron-notch test in 9.5, should be taken from the same test location. However, when this location does not coincide with the
requirements for the tension test location in Test Methods B 557, or the material specification ifs different thang Test Methods
B 557, the yield stre)ngth from the specimen used to show conformance with the tensile requirements may be used in the
calculatievns.

9.2 Tension Testing of Sharply-Notched, Sheet-Type Specinldre notch yield ratio, NYR, from-a-diseriminatery—vatue (
sharply-notched, sheet-type specimen has been shown to correlate reasonably vueH—wfrbm 16 in. (406 mm) wide M(T)
specimens. If a suitable correlation has been established for an alloy/product/temper between N¥R@?~q§| or other fracture
indices, NYR may be used as a lot release criterion for that alloy/product/temper.

9.2.1 Testing of sharply-notched, sheet-type specimens shall be performed in accordance with Test Method E 338. The
double-edge notched, sheet-type specimen in Fig. 3 of Test Method E 338 is recommended. The specimen shall have the sam
nominal thickness as the primary fracture-teughness.

165+ TFo+reduece toughness specimen.

9.3 Sharp-Notch Charpy TestirgCharpy impact tests have long been employed as a measure of the toughness of metals and
have been used to predict the plane strain-frablcture toughKgssThe Charpy energy has also been shown-to ciorrelated
reasonable well wittK. from 16 in. (406 mm) wide M(T) specimens. If a suitable correlation has been established for an
alloy/product/temper between the Charpy energy lindor method-appliel. or other fracture indices, Charpy energy may be
used as a-sereening-test-the-following-guidelines-should lot release criterion for that alloy/product/temper.

9.3.1 Charpy impact testing shall-be-ebserved:-ehoose performed in accordance with Test Method E 23. Various types of notches
have been used, including-a-convenientcompactspecimen-size that precrack, but a sharp-retchisnearthereguireeHigament lengt
for most effective. The sharp notch shall have-a-valid-test-without root radius of <0.001 in. (<0.0254 mm).

9.3.2 Charpy impact testing is limited to product thickness >0.10 in. (>2.54 mm). The Charpy specimen shall-have-the necessity
fer-abseolutely-meeting-t-and same nominal thickness as-the-crackdength-should-be-held-essentially constant.

10-6tn-eonducting-sharp-notch primary fracture toughness specimen up to a thickness of 0.394 in. (10 mm). If the thickness
of the primary fracture toughness specimen is >0.394 in. (10 mm), the Charpy-impact tests, specimen shall have a nominal
thickness of 0.394 in. (10 mm).
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9.3.3 A low capacity impact machine of approximately 25 ft.-Ibf (33.9 N-m) is recommended with sufficient sensitivity to
measure-preferably to the nearest 0.01 ft.-Ibf (0.014 N-m). Machining and maintaining the sharp notch may be most convenientl
accomplished on a fly cutter with a single point carbide tool ground to a sharp point.

9.4 Tension Testing of Sharply-Notched, Cylindrical Specimense notch yield ratio, NYR, from a sharply-notched,
cylindrical specimen has been shown to correlate reasonably well with plane strain fracture toughnésssuitable correlation
has been established for an alloy/product/temper between NYRKandNYR may be used as a lot release criterion for that
alloy/product/temper. Additional background and guidance on such use is presented in the literature.

9.4.1 Testing of sharply-notched, cylindrical specimens shall be performed in accordance with Test Method E 602.

9.4.2 Both the standaée-in. (12.5-mm) and ¥1e-in. (27-mm) are permitted. However, whenever product dimensions allow for
use of the larger standard specimen, it is recommended, particularly for very tough alloys and tempers, because of its great
sensitivity to fracture toughness at high levels.

9.5 Chevron Notch (Short Rod or Short Bar) Testirgl he plane-strain (chevron-notch) toughn&ss,, has been shown to
correlate reasonably well with the plane strain fracture toughigssand if a suitable correlation has been established for an
alloy/product/temper betweeld,,, and K ., thenK,,,, may be used as a lot release criterion for that alloy/product/temper.
Additional background and guidance on such use is presented in the literature.

9.5.1 Testing and analysis of short-rod or short-bar specimens to étgishall be performed in accordance with Test Method
E 1304. The standard chevron notch specimens (short-rod or short-bar specimens 1.00-in. (25.4-mm) in diameter or 1.00-ir
(25.4-mm) in width are recommended.

9.5.2 The plane-strain (chevron-notch) toughnkss,, may also be used as a direct quantitative measure of fracture toughness
when permitted by the material specification or by agreement between the purchaser and supplier. If used for direct measureme
of fracture toughness rather than for correlation purposes, fracture toughness minimiiyg, f€lmould be established using the
specimens and procedures of Test Method E 1304 as they may differ significantly from minimufysdetablished using Test
Method E 399.

Note 5—Test Method E 1304 can be employed as an alternative to Test Method E 399. Two relatively attractive features of the chevron notch tes
method are fatigue precracking is not required and the small specimen volume.

10. Report

10.1 The test record shall include all information required by the applicable test method(s).

10.2 The complete test record is not normally required for material certification and lot release purposes. Such records ar
usually retained by the producer for future audits by the purchaser.

10.3 Rounding—For the purpose of determining conformance with a specified limit in a material or product specification, the
value of the fracture toughness or screening test indices obtained from the applicable test shall be rounded “to the nearest uni
in the last right hand significant digit used in expressing the limiting value in accordance with the rounding method of Practice
E 29. For a limit specified as a whole number, all digits shall be considered significant including zeros.

10.4 Replacement TestsThe test result from a fracture toughness or screening test specimen may be discarded and a
replacement test performed whéf) the specimen was machined incorrecfB) the test procedure was incorrect,(8) the test
machine malfunctioned.

10.5 Retests of Fracture Toughness TesBetests for direct measures of fracture toughness in Section 8 shall be performed and
interpreted in accordance with the applicable material specification or as otherwise agreed upon between the purchaser al
supplier. If there is no specific provision for retests, and one or more test results fail to conform with the requirements of the
material specification for reasons other than those in 10.4 after rounding in accordance with 10.3, the lot represented by that te
result shall be subject to rejection, except as provided below:

10.5.1 For each specimen that failed, test at least two additional specimens at the specified test location from an area in tf
original sample adjacent to the failing specimen, or

10.5.2 For each specimen that failed, test an additional specimen at the specified location from at least two other samples.

10.5.3 If any retest fails, the lot shall be subject to rejection, except that the lot may be resubmitted for testing provided the
producer has reworked the lot, as necessary, to correct the deficiencies.

10.6 Retests of Screening TestRetests of screening tests in Section 9 are not permitted. If a screening tests result falls below

“Avaitabte-from The Atumimum Association, 750 3rdAve., New York, NY10017.

4Jones, M. H., et al., “Sharply Notched Cylindrical Tension Specimen for Screening Plane-Strain Fracture TouDereksyiments in Fracture Mechanics Test Methods
Standardization, ASTM STP 638STM, 1977, pp. 115-152.
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the critical indicator value as illustrated in Fig. 1, testing with the primary fracture toughness test method is required for material
release purposes.

11. Keywords
11.1 aluminum alloys; fracture toughness; plane strain; plane stress; quality assurance; screening tests

SUMMARY OF CHANGES

Committee BO7 has identified the location of selected changes to this standard since the last revision
(B 646 —9703).

(1)ychanged-oad™toforce™where-applicable. Separated recommendations and requirements for test method selection (Sections

6 and 7) from recommendations and requirements for testing and interpretation (Sections 8 and 9).

(2)yCerrected-thereference-to-theterminology-standard-frem-E-616-to-£ 1823 Added informalgp,desting (3.2.5, 8.1, and
subparas.).

(3)-Editorial-corrections—made-throughout. Added additional M(T) specimen sizes (8.1.1).
(4yRe-worded-6-1-1. Added information on use of R-curve test for quality control purposes (8.2 and subparas.).

(5)—ehaﬁged—7—2—te—elaﬁfy Added maximum aIIowatb{gfmmfor fathue precracking (8.1.2 and 8.4.2).
acking. Added minimum recommended WRithtésting

(7Re-worded-9-2-1. Added Section 10 on reporting, replacement testing and 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).
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