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superscript epsilonef indicates an editorial change since the last revision or reapproval.

Direction of
1. Scope applied load

1.1 This test method covers the determination of plane-
strain (chevron-notch) fracture toughnessg, or K, of
metallic materials. Fracture toughness by this method is

chevron-shaped notch, and propagating in a chevron-shape
ligament (Fig. 1). Some metallic materials, when tested by thi
method, exhibit a sporadic crack growth in which the crack
front remains nearly stationary until a critical load is reached.
The crack then becomes unstable and suddenly advances at
high speed to the next arrest point. For these materials, this test
method covers the determination of the plane-strain fracture Nore 1—The crack commences at the tip of the chevron-shaped

'[01,|ghnes,s,l(lvj or Kiyms relative to the crack at the points of ligament and propagates (shaded area) along the ligament, and has the

Load line

a)

instability. length “a” shown. (Not to scale.)
FIG. 1 Schematic Diagrams of Chevron-Notched Short Rod (a)
Note 1—One difference between this test method and Test Method and Short Bar (b) Specimens

E 399 (which measurds,.) is that Test Method E 399 centers attention on
the start of crack extension from a fatigue precrack. This test method E 399 Test Method for Plane-Strain Fracture Toughness of
makes use of either a steady state slowly propagating crack, or a crack at Metallic Material€

the initiation of a crack jump. Although both methods are based on the g 1823 Terminology Relating to Fatique and Fracture Test-
principles of linear elastic fracture mechanics, this difference, plus other in92

differences in test procedure, may cause the values from this test method
to be larger thai,. values in some materials. Therefore, toughness value% T ;

; ( : _ . Terminolo
determined by this test method cannot be used interchangeablKyith 9y

1.2 This test method uses either chevron-notched rod speci-
mens of circular cross section, or chevron-notched bar spec'—Ii
mens of square or rectangular cross section (Figs. 1-10). The
terms “short rod” and “short bar” are used commonly for these[h
types of chevron-notched specimens.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the

3.1 Definitions:

3.1.1 The terms described in Terminology E 1823 are ap-
cable to this test method.

3.1.2 stress-intensity factor, {dimensional units FI*/3)—

e magnitude of the ideal crack-tip stress field singularity for
mode | in a homogeneous linear-elastic body.

3.1.2.1 Discussior—Values ofK for model are given by:

responsibility of the user of this standard to establish appro- K, = limit o, [2mr,]*
priate safety and health practices and determine the applica- r, -0
bility of regulatory limitations prior to use.
where:
2. Referenced Documents r, = a distance directly forward from the crack tip to a
2.1 ASTM Standards: location where the significant stress is calculated and
E 4 Practice for Force Verification of Testing Machites ~ 0y = the principal stress mormal to the crack plane.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 plane-strain (chevron-notch) fracture toughnessg, K
- or Ky,; (FL™¥%—under conditions of crack-tip plane strain in a

1 This test method is under the jurisdiction of ASTM Committee E-8 on FractureChevron-notched specimel;, relates to extension resistance
Fatigue and is the direct responsibility of Subcommittee E08.07 on Fracturayith respect to a slowly advancing steady-state cra(;lkj_

E 8 Test Methods for Tension Testing of Metallic Materfals

Linear—Elastic. . . R
Current edition approved Apr. 10, 1997. Published June 1997. Originallyr(:"k.ites to crack extenS|_on resistance with respect to a crack
published as E 1304 — 89. Last previous edition E 1304 — 89. which advalnces S_porad|ca”y- .
2 Annual Book of ASTM Standardol 03.01. 3.2.1.1 Discussior—For slow rates of loading the fracture
Documents
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FIG. 3 Bar Specimens Standard Proportions

toughnesskK,, or K,;, is the value of stress-intensity factor as  3.2.4 crack jump behavierin tests of chevron-notch speci-
measured using the operational procedure (and satisfying all @fiens, that type of sporadic crack growth which is character-
the validity requirements) specified in this test method. ized primarily by periods during which the crack front is nearly
3.2.2 plane-strain (chevron-notch) fracture toughnesg,K stationary until a critical force is reached, whereupon the crack
(FL®?)—determined similarly td,, or Ky, (see 3.2.1) using becomes unstable and suddenly advances at high speed to the
the same specimen, or specimen geometries, but using reext arrest point, where it remains nearly stationary until the
simpler analysis based on the maximum test force. Théorce again reaches a critical value, etc. (see Fig. 5).
analysis is described in Annex Al. Unloading-reloading cycles 3.2.4.1 Discussior—A chevron-notch specimen is said to
as described in 3.2.6 are not required in a test to determineave a crack jump behavior when crack jumps account for
Kivm- more than one half of the change in unloading slope ratio (see
3.2.3 smooth crack growth behaviergenerally, that type of 3.2.6) as the unloading slope ratio passes through the range
crack extension behavior in chevron-notch specimens that isom 0.8, to 1.2, (see 3.2.6 and 3.2.7, and 8.3.5.2). Only
characterized primarily by slow, continuously advancing crackthose sudden crack advances that result in more than a 5%
growth, and a relatively smooth force displacement recordlecrease in force during the advance are counted as crack
(Fig. 4). However, any test behavior not satisfying the condijumps (Fig. 5).
tions for crack jump behavior is automatically characterized as 3.2.5 steady-state craeka crack that has advanced slowly

smooth crack growth behavior. until the crack-tip plastic zone size and c@b@ MQ
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FIG. 4 Schematic of a Load-Displacement Test Record for
Smooth Crack Growth Behavior, with Unloading/Reloading
Cycles, Data Reduction Constructions, and Definitions of Terms *‘ 062B = *T 075B =
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FIG. 5 Schematic of a Load-Displacement Test Record for Crack within t(IJ‘-UOSf_!a_nd perpendicular
Jump Behavior, with Unloading/Reloading Cycles, Data to centerline within 0.005 B TIR.
Reduction Constructions, and Definitions of Terms Note 1—Machine finish all over equal to or better than 64 pin.

Note 2—Unless otherwise specified, dimension.01®; angles

longer change with further crack extension. Although crack-tip+2°.
conditions can be a function of crack velocity, the steady-state Note 3—Grip hardness should be RE45 or greater.
crack-tip conditions for metals have appeared to be indepen- FIG. 7 Suggested Loading Grip Design
dent of the crack velocity within the range attained by the ) ] ) )
loading rates specified in this test method. is measured by performing unloading-reloading cycles during

3.2.6 effective un'oading Slope ratiO,_r_the ratio of an the test as indicated SChematica”y in F|g 4 and F|g 5. For each
effective unloading slope to that of the initial elastic loadingunloading-reloading trace, the effective unloading slope ratio,
slope on a test record of force versus specimen mouth openirig is defined in terms of the tangents of two angles:
displacement. r = tano/tano,

3.2.6.1 Discussior—This unloading slope ratio provides a
method of determining the crack length at various points on theVhere: — .
test record and therefore allows evaluation of stress intensity@N% = the slope of the initial elastic line, and
coefficientY* (see 3.2.11). The effective unloading slope ratio tand = the slope of an effective unloaﬂrg ine.
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Note 1—To assist alignment, shims may be placed at these locations w/e g2 / / A
and removed before the load is applied, as described in 8.3.2. N 74—
FIG. 8 Recommended Tensile Test Machine Test Configuration WiB = 1.45
The effective unloading line is defined as having anoriginat " of o062 03 o04 05 06 07 08 08 1
the high point where the displacement reverses direction on Slope Ratio, r.

unloading (slot mouth begins to close) and joining the low
point on the reloading line where the force is one half that at
the high point.

3.2.6.2 Discussion—For a brittle material with linear elastic
behavior the unloading-reloading lines of an unloading- 3.2.8 critical crack length—the crack length in a chevron-
reloading cycle would be linear and coincident. For manynotch specimen at which the specimen’s stress-intensity factor
engineering materials, deviations from linear elastic behaviogoefficient, Y* (see 3.2.11 and Table 3), is a minimum, or
and hysteresis are commonly observed to a varying degreequivalently, the crack length at which the maximum force
These effects require an unambiguous method of obtaining apould occur in a purely linear elastic fracture mechanics test.
effective unloading slope from the test recqid4).® At the critical crack length, the width of the crack front is

3.2.6.3 Discussior—Although r is measured only at those approximately one third the dimensi@(Figs. 2 and 3).
crack positions where unloading-reloading cycles are per- 3.2.9 high point, High—the point on a force-displacement
formed, r is nevertheless defined at all points during aplot, at the start of an unloading-reloading cycle, at which the
chevron-notch specimen test. For any particular point it is thelisplacement reverses direction, that is, the point at which the
value that would be measured foif an unloading-reloading specimen mouth begins closing due to unloading (see points

Note 1—Compiled from Refg8), (10), (11), and(13).
FIG. 10 Normalized Stress-Intensity Factor Coefficients as a
Function of Slope Ratio ( r) for Chevron-Notch Specimens

cycle were performed at that point. labeled High in Figs. 4 and 5).
3.2.7 critical slope ratio, ., —the unloading slope ratio at  3.2.10 low point, Low—the point on the reloading portion of
the critical crack length. an unloading-reloading cycle where the force is one half the

high point force (see points labeled Low in Figs. 4 and 5).
3 The boldface numbers in parentheses refer to the list of references at the end 3211 stress-intensity factor coefficient, -¥a dimension-

of this standard. less parameter that relates the appliedmemitrgn
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