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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 E 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(:"lates 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
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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 crack-tip sharpness no
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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 unloading 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 tan the slope of an effective unloading line.
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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 3.2.11 stress-intensity factor CoeﬁICIQnt, ¥ d|men5|0n'_
of this standard. less parameter that relates the applied force and specimen
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TABLE 1 Rod Dimensions TABLE 2 Bar Dimensions

Note 1—All surfaces to be 64-pin. finish or better. Note 1—All surfaces to be 64-pin. finish or better.

Note 2—Side grooves may be made with a plunge cut with a circular Note 2—Side grooves may be made with a plunge cut with a circular
blade, such that the sides of the chevron ligament have curved profileblade, such that the sides of the chevron ligament have curved profiles,
provided that the blade diameter exceed®5I8 this case¢ is the angle  provided that the blade diameter exceed®518 this caseg is the angle
between the chords spanning the plunge cut arcs, and it is necessary to umdween the chords spanning the plunge cut arcs, and it is necessary to use
different values ofp anda, (4), so that the crack front has the same width different values ofp anda, (4), so that the crack front has the same width
as with straight cuts, at the critical crack length. as with straight cuts, at the critical crack length.

Note 3—The dimensiora, must be achieved when forming the side  Note 3—The dimensiora, must be achieved when forming the side
grooves. A separate cut that blunts the apex of the chevron ligament is ngrooves. A separate cut that blunts the apex of the chevron ligament is not

permissible. permissible.
Note 4—Grip groove surfaces are to be flat and parallel to chevron Note 4—Grip groove surfaces are to be flat and parallel to chevron
notch withint 2°. notch withint 2°.
Note 5—Notch on centerline within=0.008 and perpendicular or Note 5—Notch on centerline within=0.008 and perpendicular or
parallel to surfaces as applicable within 0.80FIR). parallel to surfaces as applicable within 0.B0F'IR).
Note 6—The imaginary line joining the conical gage seats must be Note 6—The imaginary line joining the conical gage seats must be
perpendicular £2°) to the plane of the specimen slot. perpendicular £2°) to the plane of the specimen slot.
SYm- Name Value Tolerance Sym- Name Value Tolerance
bol W/B =145 W/B=20 bol W/B =145 W/B=20
B Diameter B B B Thickness B B
w Length 1.4508 2.0008 +0.0108 w Length 1.4508 2.0008 +0.0108
a, Distance to chevron tip  0.481B 0.400B +0.0058B a, Distance to chevron tip 0.481B 0.400B +0.0058B
S Grip groove depth 0.150B 0.1508B +0.010B S Grip groove depth 0.150B 0.150B +0.010B
alternate groove 0.130B 0.1308B +0.010B alternate groove 0.130B 0.130B +0.010B
X Distance to load line 0.100B 0.100B +0.003B X Distance to load line 0.100B 0.100B +0.003B
alternate groove 0.050B 0.0508B +0.003B alternate groove 0.050B 0.0508B +0.003B
T Grip groove width 0.350B 0.350B +0.0058B T Grip groove width 0.350B 0.350B +0.0058B
alternate groove 0.313B 0.313B +0.0058 alternate groove 0.313B 0.313B +0.0058
t Slot thickness =0.0308* =0.030B* [ t Slot thickness =0.0308* =0.0308* .
¢ Slot angle 54.6° 34.7° +0.5° b Slot angle 54.6° 34.7° +0.5°
A - H Half-height
See Fig. 6. (square specimen) 0.500B 0.5008B +0.005B
(rectangular spec- 0.435B B +0.0058B
imen)

geometry to the resulting crack-tip stress-intensity factor in a—; .
. See Fig. 6.
chevron-notch specimen test (see 9.6.3). B See Note 1.
3.2.11.1 Discussior—Values of Y* can be found from the
graphs 'r_‘ Fig. 10, or f_rom t_he tabulations in Table 4 or from the TABLE 3 Minimum Stress-Intensity Factor Coefficients and
polynominal expressions in Table 5. Critical Slope Ratios for Chevron-Notch Specimens
3.2.12 minimum stress-intensity factor coefficient, \Y*

ALRA N 1—The values in this table are derived from the polynomials in
—the minimum value ofy* (Table 3). o poly

Table 5, and are selected from the values in Table 4.

4. Summary of Test Method Specimen  W/B  aJW H/B Y e
. . . . Rectangular Bar  1.45 0.332 0.435 28.22 0.52

4.1 This test method involves the application of a load to the g, are par 145 0.332 0.50 2511 0.62
mouth of a chevron-notched specimen to induce an openingquare Bar 2 0.2 0.5 29.90 0.30
displacement of the specimen mouth. An autographic record i&ecd 145 0.332 05 29.21 0.52

2 0.2 0.5 36.25 0.28

made of the load versus mouth opening displacement and th8%
slopes of periodic unloading-reloading cycles are used to
calculate the crack length based on compliance techniqueforce point corresponds to a width of crack front approximately
These crack lengths are expressed indirectly as slope ratiosne third the specimen diameter or thickness. If the loading
The characteristics of the force versus mouth opening displacasystem is sufficiently stiff, the crack can be made to continue its
ment trace depend on the geometry of the specimen, themooth crack growth under decreasing force. Two unloading-
specimen plasticity during the test, any residual stresses in theloading cycles are performed to determine the location of the
specimen, and the crack growth characteristics of the materiarack, the force used to calculatg,, and to provide validity
being tested. In general, two types of force versus displacemenhecks on the test. The fracture toughness is calculated from
traces are recognized, namely, smooth behavior (see 3.2.3) atite force required to advance the crack when the crack is at the
crack jump behavior (see 3.2.4). critical crack length (see 3.2.8). The plane-strain fracture
4.1.1 In metals that exhibit smooth crack behavior (3.2.3)toughness determined by this procedure is terrdkgd An
the crack initiates at a low force at the tip of a sufficiently sharpalternative procedure, described in Annex Al, omits the
chevron, and each incremental increase in its length corrainloading cycles and uses the maximum test force to calculate
sponds to an increase in crack front width and requires furthea plane-strain fracture toughneks,,, whereM signifies the
increase in force. This force increase continues until a point isise of the maximum force. Values &f,, versuskK,,, are
reached where further increases in force provide energy idiscussed in Annex Al.
excess of that required to advance the crack. This maximum 4.1.2 A modified procedure is used to determifjg when

5
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TABLE 4 Stress-Intensity Factor Coefficients as a Function of region is small compared with the crack size and specimen
Slope Ratio ( 1) for Chevron-Notch Specimen dimensions in the constraint direction K4, or K,,; value may

Spe- Rectan- be used to estimate the relation between failure stress and

cimen gular Square Square Rod Rod : P :

Type o Bar Bar defect size when the conditions described above would be

expected, although the relationship may differ from that

w/B 1.45 1.45 2 1.45 2 . .
obtained from &, value (see Note 1). Background informa-
a /W 0.332 0.332 0.2 0.332 0.2 . . lc . -
. . : tion concerning the basis for development of this test method
r v v in terms of linear elastic fracture mechanics may be found in
0.16 33.14 38.20 Refs(1-15)
0.18 32.04 37.44 : :
0.20 4294 3124 4510 26.90 5.1.1 _TheKlV, Kiyj» OF Kiym value of_ a given material can be
0.22 39.39 30.68 42.16 36.55 a function of testing speed (strain rate) and temperature.
0.24 37.00 30.30 39.71 36.34 Furthermore, cyclic forces can cause crack extensiokat
o2 - P A A S o values less thak(,,, and crack extension can be increased by
0.30 33.22 31.90 29.908 3457 36.32 the presence of an aggressive environment. Therefore, appli-
g-gi gigg gg-ég gggé ggig 32‘513 cation of K,, in the design of service components should be
0.36 30.40 28 82 30.02 31.62 3674 made with an awareness of differences that may exist between
0.38 29.79 28.10 30.10 30.97 36.91 the laboratory tests and field conditions.
8-32 ;z-gi g;-gg gg;g gg-gi :;gfsi 5.1.2 Plane-strain fracture toughness testing is unusual in
' ' ' ' ' ' that there can be no advance assurance that akglié,,, or
0.44 28.65 26.54 30.33 29.72 37.42 - ) . ; vjr 2
0.46 28.45 26.19 30.41 29.49 37.59 Kiwwm Will be determined in a particular test. Therefore, it is
0.48 28.31 25.89 30.50 29.33 37.77 essential that all the criteria concerning the validity of results
0.50 28.24 25.66 30.62 29.24 37.96 b full id d d ibed h .
0.52 28,228 9547 30,78 29218 3819 e carefully considered as described herein.
0.54 28.25 25.32 31.02 29.22 38.46 5.2 This test method can serve the following purposes:
0.56 2831 25.22 31.34 29.28 38.81 5.2.1 To establish the effects of metallurgical variables such
0.58 28.42 25.15 31.80 29.39 39.25 . . . .
0.60 28,56 55 11 3943 29,53 39.81 as composition or heat treatment, or of fabricating operations
0.62 28.73 25.115 29.70 such as welding or forming, on the fracture toughness of new
0.64 28.93 25.14 29.91 or existing materials.
0.66 29.16 25.21 30.16 Lo . .
0.68 20.42 5531 3043 5.2.2 For specifications of acceptance and manufacturing
0.70 29.72 25.45 30.74 quality control, but only when there is a sound basis for
0.72 30.05 25.63 31.09 specification of minimunk,,, K., or K,,, values, and then
0.74 30.42 25.86 31.48 ! Y ) Iv> TRV VM i :
' only if the dimensions of the product are sufficient to provide
0.76 30.84 26.15 31.01 ! ’ \ 1Lt
0.78 31.32 26.49 32.38 specimens of the size required for vaKg, determination(5).
0.80 31.85 26.90 82.91 The specification ofK,, values in relation to a particular
0.82 32.46 27.40 33.51 . ; v
0.84 3315 27.98 3417 application should signify thatgfractqre control study has been
A Compiled from Refs (8), (10), (11), and (13), and using the polynomials in conduc_ted on the Cpmponent m re!atlon tQ the eXpeCted hI'S'FOI’y
Table 5. of loading and environment, and in relation to the sensitivity
& Minimum value of Y*. and reliability of the crack detection procedures that are to be

applied prior to service and subsequently during the anticipated
crack jump behavior is encountered. In this procedurelife.
unloading-reloading cycles are used to determine the crack 5.2.3 To provide high spatial resolution in measuring plane
location at which the next jump will begin. THG,; values are  strain fracture toughness variations in parent pieces of material
calculated from the forces that produce crack jumps when th¢i4),
crack front is in a defined region near the center of the
specimen. TheK,,; values so determined have the SaME; jlowable specimen size criterioB,= 1.25 K,, /oy9? (5), and because
significance ax,. the toughness is measured at approximately the midline of the specimen,

4.1.3 The equations for calculating the toughness have beefud only in the material covered by the crack’s lateral extent, which is
established on the basis of elastic stress analyses of th#out one third of the specimen’s lateral dimens®n,

specimen types described in this test method. . . ) . . )

4.2 The specimen size required for testing purposes ind: SPecimen, Size, Configuration, Dimensions, and
creases as the square of the ratio of fracture toughness to yield Preparation
strength of the material (see 6.1), therefore proportional 6.1 Specimen Sizeln order for a test result to be consid-

Note 2—The high spatial resolution is possible because of the small

specimen configurations are provided. ered valid in accordance with this test method, it is required
o that the specimen’s lateral dimensidB, equals or exceeds
5. Significance and Use 1.25 Ky, loy9?, 1.25 Ky, loy9?, or 1.25 Ky loy9?, wherer

5.1 The fracture toughness determined by this test methogs is the 0.2 % offset yield strength of the material in the
characterizes the resistance of a material to fracture by a slowljirection of loading in the test, and for the temperature of the
advancing steady-state crack (see 3.2.5) in a neutral envirotest as determined by Test Methods E 8.
ment under severe tensile constraint. The state of stress near thés.2 Specimen Configuration and DimensieABoth the rod
crack front approaches plane strain, and the crack-tip plastispecimen of the circular cross section and the rectangular bar
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